SSARS 2010
Summer Safety and Reliability Semindime 20-26201Q Gdaisk-Sopot, Poland

(12 (3)]?®=0.05,[1? (4)]® = 0.055, (A8 (3)1® = 0.05,[A) (4)]® = 0.06.

[A? 1)]? = 0.033,[1? (2)]® = 0.04, At the operation states;, i.e. at the leaving Gdynia
Port state the ferry is built af, =2 subsystemsS,

[42 (3)]® = 0.05,[4 (4)] = 0.055, and S, forming a series structure shown Figure
15.

[A5) 1% = 0.066,[A5 (2)]® = 0.07, The subsystenS, consist of componenE? with
the intensities of departure from the safety states

(42 (3)]?=0.075,[12 (4)]® = 0.08, subsets {1,234}, {2,3,4}{34},{4}, respectively

A2 @1? = 0.066,[12 (2)]® = 0.07, A2 @0)]®=0.033,[1%9(2)]® = 0.04,

(412 (3)]?=0.075,[12 (4)]® = 0.08, (A% (3)]¥=0.045,[1F) (4)]®=0.05.

[A5) ]® = 0.066,[A5 (2)]* = 0.07, The subsystemS, consist of componentE? |
E® E® (2 E® E® E® E® E®

19 (3] = 0.075,[42 (4)]” = 0.08 © E® with the intensitics of departure from
31 Rl e EZ, E?, with the intensities of departure from the
safety states subsets {1234}, {2,3, 434}, {4},

) 2) — (2) (2 =
[ @17 = 0.033,[A;/ (2)]7 = 0.04, respectively

[A?(3)]?®=0.045,[1? (4)]® = 0.05, [A2 (1)] = 0.033,[A2 (2)]° = 0.04,
A2 @)1® =0.033,[1? (2)]® = 0.04, [1@(3)]® =0.05,[A? (4)] = 0.055,
(42 (3)]®=0.045,[1? (4)]® = 0.05, [A2 @)]® = 0.033,[A? (2)]© = 0.04,
(A2 @0)]® =0.033,[4?(2)]® = 0.04, [12(3)]° = 0.05,[ A2 (4)]® = 0.055,
(42 (3)]® = 0.045,[1? (4)]® = 0.05, [12 )] = 0.033,[A2 (2)]¥ = 0.04,
(A% @1)]® =0.033,[47(2)]® = 0.04, [12(3)]® = 0.05,[A2 (4)]¥ = 0.055,
[A2(3)]®” = 0.045,[4% (4)]® = 0.05. [A2 (1)] = 0.033,[A2 (2)]° = 0.04,
The subsystemS, consist of componentsE?, [A2 (3)]® = 0.05,[ A (4)]® = 0.055,

EY, EY, with the intensities of departure from the
safety states subsetfl,234}, {2,3,4}, {34}, {4}, (A2 @)]®=0.033,[12 (2)]®= 0.04,
respectively
[12(3)]® = 0.045,[A%) (4)]® = 0.05
[A9 @)]® = 0.033,[19 (2)]® = 0.04 o
11 " 1 11 . ’
@ (1y1@ = @ (9Y1 =
[A9(3)]” = 0.045,[AF (4)]® = 0.05 [A2, W17 =0.033,[13, (2)]7'= 0.04,
11 " 1 11 . El
[A2 (3)]® = 0.045,[ A2 (4)]® = 0.05,
(A9 @)]?=0.033,[4) (2)]? = 0.04,
@ e = @ ()13 =
[45 (3)]® = 0.05,[ 45} (4)]® = 0.055, Ve @I = 0053 A 7= 0.04,

[A9 @)]? = 0.033,[4 (2)]® = 0.04, (45 (319 = 0.045,[457 (4)]“ = 0.05,
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[A2 1M)]® = 0.033,[1? (2)]® = 0.04, [A2 @W)]® = 0.033,[A%(2)]“® =0.04,
[A2 (3)]® = 0.045,[1? (4)]® = 0.05, [A2(3)]“ = 0.045,[A2 (4)]“ = 0.05,
[A2 @)]® = 0.033,[A? (2)]® = 0.04, [A2 1)]® = 0.033,[12 (2)]“ = 0.04,
[A2 (3)]® = 0.045,[ A2 (4)]® = 0.05, [A2 (3)]“ = 0.045,[A2 (4)]“ = 0.05,
[A2 1)]® = 0.033,[A? (2)]® = 0.04, [A2 1©)]® = 0.033,[12 (2)]“ = 0.04,
[A2 (3)]® = 0.045,[ A2 (4)]® = 0.05, [A2 (3)]“ = 0.045,[A2 (4)]“ = 0.05,
[A? 1©)]® = 0.033,[1? (2)]® = 0.04, [A? 1)]® = 0.033,[1? (2)]® = 0.04,
[A? (3)]® = 0.045,[1? (4)]® = 0.05. [A? (3)]“ = 0.045,[A2 (4)]“ = 0.05.

At the operation stateg,, i.e. at the navigation at The subsystenS, consist of componenE/y with
restricted waters state the ferry is built of =3 the intensities of departure from the safety states
subsystemsS,;, S, and S, forming a series structure Subsets {1234}, {2,3,4}{34} ,{4}, respectively
shown inFigure 16

The subsystenfS, consist of componenEy with [ ] = 0.05,[A7 ()] = 0.055,

the intensities of departure from the safety states

subsets{1,234}, {2,3,4}, {34} ,{4}, respectively [A7 (3)] = 0.06, [} (4)]“ = 0.065.

[A9 1)]“ = 0.033,[ A% (2)]“ = 0.04, At the operation statez,, i.e. at the navigation at
open waters state the ferry is built aof, = 3
(A2 (3)] = 0.045,[1% (4)]“ =0.05. subsystemsS, S, and S, forming a series structure
shown inFigure 17
The subsystemS, consist of component&?,  The subsystenS consist of componenE,; with

2 ) 2 2 @) @) (2 ; the intensities of departure from the safety states
E].(Z)' E]_3 ’ E( ) E;E]_)) E51 y E61 ’ E7l y W|th p y

14 .
the intensities of departure from the safety states subsets {1234}, {2.3,4K34}.{4}, respectively

subsets {1,234}, {2,3,434}, {4}, respectivel
{ i a4t {4}, P y A9 @)]®=0.033,[17 (2)]® = 0.04,

@ 4) — @) “
[A @1 = 0.033,[A7 (2)]¥ =0.04, [A9(3)]® = 0.045,[ A9 (4)]® =0.05.

[A? (3)] =0.05,[A? (4)] = 0.055, ,
The subsystemS, consist of componentE?

[A9 @)]“ = 0.033,[12 (2)]“ = 0.04, EY, EY, B, ED, EY, EY, E, with the
intensities of departure from the safety statesetsh

[A?2(3)]“ = 0.05,[A% (4)]’ = 0.055, {1234}, {2,3,4}, {34} ,{4}, respectively

[A2 ] = 0.033,[42 (2)]“ = 0.04, [A2 @19=0.033,[4% ()] =0.04,

[42 @)= 0.05,[43 ()] = 0.055, (4 (3] =0.05,[A (4)] ® = 0.055,

[A2 0)]“ = 0.033,[A2(2)]“ = 0.04, [AZ ] = 0.033,[A7 (2)]® = 0.04,

[/](2) (3)] (4 = =0.05, [/1(2) (4)] @ =0, 055, [/](2) (3)] ®=0. 05, [/1(2) (4)] ® =0, 055,
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[A2(1)]® = 0.033,[1? (2)]® = 0.04, safety states subsets {1,234}, {2,3,434}, {4},
respectively

[/](2) (3)] ®=0. 05, [/1(2) (4)] G =0. 055,

[A2 @]® = 0.033,[12 (2)]® =0.04,
[A:S) (1)] @ = 00331[/15) (2)] © = 004’ ) (6) 2) (6) —

[ (3)] =0.05,[A;7 (4)]” = 0.055,
[A2(3)]® = 0.05,[ A (4)]® = 0.055,

[/](2) (1)] 6) — =0.033 [/1(2) (2)] (6) = =0. 04

(2 (5) — (2 ® =

[A2 W17 =0.033,[4,;7 (2)]™ = 0.04, @ (a1 (6) — @ (N6 =

[42(3)]® = 0.05, [ (4)]® = 0.055,
[4% (3)]® = 0.045,[A (4)]® = 0.05,

[A2 @)]® = 0.033,[12 (2)]® = 0.04,

[A2 (1)]® = 0.033,[A? (2)]® = 0.04,
[A2(3)]® = 0.05,[A2 (4)]® = 0.055,

(A2 (3)]® = 0.045,[A2 (4)]® = 0.05,
A2 @)1® =0.033,[12(2)]© =0.04,
[A2 1)]® = 0.033,[12 (2)]® = 0.04,
(A2 (3)]® = 0.05,[A? (4)]® = 0.055,
(A2 (3)]1® = 0.045,[A2 (4)]® = 0.05,
[A2 1)]© = 0.033,[A? (2)]® = 0.04,
(A2 @)]®=0.033,[1%(2)]® = 0.04,
[A2 (3)]® = 0.045,[A2 (4)]® = 0.05,
(A2 (3)]® = 0.045,[1? (4)]® = 0.05.
[A(z) @] ©®=0.033 [/1(2> 2)] © = 0.04,
The subsystens, consist of componenE/; with - o
the intensities of departure from the safety states [4z (3)]=0.045,[4;, (4)]™ = 0.05,
subsets {1234}, {2,3,4434},{4}, respectively
A2 @)1® = 0.033,[12(2)]® = 0.04,
[A¥ W)]® = 0.05,[ A% (2)]® = 0.055,
[A2 (3)]® = 0.045,[A2 (4)]® = 0.05,
[/](4) 3)] ® = 0.06, [AS) @] ®) = 0.065.
[A2@)]® = 0.033,[1?(2)]® =0.04,
At the operation statez,, i.e. at the navigation at
restricted waters state the ferry is built of= 3 [ A2 (3)] = 0.045,[12 (4)]© = 0.05,
subsystemsS, S, and S, forming a series-parallel @ (1] = @ (9)]6) =
structure shown ifrigure 18 [A2 (L] = 0.033,[12(2)]© = 0.04,
The subsystens, consist of componenE® with

the intensities of departure from the safety states
subsets {1234}, {2,3,4}{34},{4}, respectively

[A2 (3)]® = 0.045,[A2 (4)]® = 0.05,

[A2 1©)]© = 0.033,[12(2)]© = 0.04,

[)I(l) M]® =0.033 [/1(1) (2)]® = 0.04,
[A2(3)] = 0.045,[A7 (4)]® = 0.05,
[A2(3)] = 0.045,[ A2 (4)]© =0.05.
[A% @] = 0.033,[4%(2)]” = 0.04,
The subsystemS, consist of componentE?
EP. EP. ED. EY, ER. EY. ED. ED

E®, E?, with the intensities of departure from the

[A2(3)]1® = 0.045,[A (4)]® = 0.05.
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The subsystens, consist of componenE,; with (412 (3)] =0.075,[12 (4)]” = 0.08,

the intensities of departure from the safety states

subsets {1234}, {2,3,4}{34},{4}, respectively [A21)]7 = 0.066,[A? (2)]” = 0.07,
[/](4) (1)] ® =0. 05 [/](4) (2)] ® =. 055 Mfl) (3)] (7) = 0_075,[/](2) (4)] O =0. 08
[ (3)]® = 0.06, [} (4)]® = 0.065. [A2 ®)]7 = 0.033,[A% (2)]” = 0.04,

At the operation statez,, i.e. at the mooring [A2(3)]" = 0.045,[42 (4)]” = 0.05,
operations state the ferry is built oh,= 3

subsystemsS, S, and S, forming a series structure  [A% (1)]” = 0.033,[A2 (2)]” = 0.04,
shown inFigure 19

The subsystens, consist of componenE® with [AZ (3)]' = 0.045,[A2 (4)]" = 0.05,
the intensities of departure from the safety states
subsets {1234}, {2,3,44{34}, {4}, respectively A2 @] =0.033,[42(2)]"” = 0.04,

[A2 0)]7 = 0.033,[A% (2)] " = 0.04, [A2 (3)]™ = 0.045,[A2 (4)]” = 0.05,

[A2 (3)]™ = 0.045,[ A% (4)] ™ =0.05. [A? @] = 0.033,[A? (2)] = 0.04,
The subsystemS, consist of componentE® ,  [19(3)]" =0.045,[1?(4)]” = 0.05.
£0, EP, EP, EY, E2, EP, EP, ED

: ®)

E®, E?, with the intensities of departure from the 1€ SubsystemS; consist of componentss,”
safety states subsets {1234}, {2,3,434} , {4}, EY, EY, with the intensities of departure from the
respectively safety states subsets {1234}, {2,3,434}, {4},

respectively
A2 @17 =0.033,[1?(2)]” =0.04,
A9 @] =0.033,[4% (2)]” = 0.04,
[4?(3)]” =0.05,[1? (4)]” = 0.055,
(A9 (3)]" = 0.045,[A8 (4)]" = 0.05,
A2 @] =0.033,[42 (2)]"” = 0.04,
(A9 @] =0.033,[45) (2)]7 = 0.04,
(A2 (3)]1" = 0.05,[4? (4)]” = 0.055,
(A8 (3)1" = 0.05,[A5) (4)]” = 0.055,
A2 @] =0.033,[42(2)]"” = 0.04,
(A )]7=0.033,[A5)(2)]” = 0.04,
(42 (3)]” = 0.05,[1? (4)] " = 0.055,
(A8 (3)1" = 0.05,[A) (4)]” = 0.06.
A2 @17 =0.033,[12(2)]” =0.04,
At the operation statez,, i.e. at the unloading at

(A2 (3)]” = 0.05,[1Z (4)] " = 0.055, Karlskrona Port state the ferry is built of = 2
subsystemsS, and S, forming a series structure
[A5) @] = 0.066,[A5 (2)]” = 0.07, shown inFigure 2Q
The subsystemS, consist of componentE?
[4% (3] = 0.075,[4;7 (4)] 7 = 0.08, EY, with the intensities of departure from the safety

states subsets {1234}, {2,3,4}, {34}, {4},

A2 @)]" = 0.066,[47 (2)]"” = 0.07, respectively
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AP @]1®=0.2,[49(2)]®=0.3, [A9 1)]%9 = 0.033,[A% (2)]*° = 0.04,

[ (3)]1®=0.35,[A? (4)]® = 0.4, [A9 (3)]“ = 0.045,[ A (4)] “° =0.05.

A2 @)]®=0.033,[19(2)]® = 0.04, The subsystemS, consist of componentE?
EY. BEY. B, B, E7. B B ED

(3) ® = 3 (8) —
[/ @) =0.045,[A; (4)]™ = 0.05. E®, E?, with the intensities of departure from the

safety states subsets {1,234}, {2,3, 434}, {4},
: @ ,
The subsysten$, consist of componenE’ with respectively

the intensities of departure from the safety states

[A(4) (1)] ® = 005 [A(4) (2)] ® = 006, [A(Z) (3)] 10) — 0 05 [A(Z) (4)] 10) — 0055’
(4) (8) = (4) (8) =

At the operation statez,, i.e. at the unloading at [A2 (3)]%° = 0.05,[ A2 (4)] “ = 0.055,
Karlskrona Port state the ferry is built of = 2

subsystemsS, and S, forming a series structure [A? 1)]%° = 0.033,[A? (2)] % = 0.04,
shown inFigure 21

The subsystemS, consist of componentEf ,  [1?(3)]% = 0.05,[A? (4)]* = 0.055,
EY, with the intensities of departure from the safety
states subsets {1,234}, {2,3,4}, {34}, {4}, (A2 (1)]%9 = 0.033,[1?(2)]* =0.04,

respectively
[A2(3)]%° = 0.05,[ A2 (4)] ** = 0.055,
[/](3) (1)] ®=0. 2, [/](i) (2)] ®=0.3
[45) @] = 0.066,[A) (2)]*” = 0.07,
A7 (3)]9=0.35[47(4)]?=0.4
[A5 (3)]%°= 0.075,[ A (4)]** = 0.08,
[/](3) (1)](9) 0.033 [/](3) (2)] 9) — 0.04,
[45 @M]°° = 0.066,[ A (2)]*” = 0.07,
[A2(3)]® = 0.045,[A% (4)]® = 0.05.
[A2(3)]%°= 0.075,[ A% (4)] = 0.08,
The subsystens, consist of componenE,?  with
the intensities of departure from the safety states [A? (1)]“? = 0.066,[1% (2)]“* = 0.07,
subsets {1234}, {2,3,4}{34}, {4}, respectively
[45)(3)]1“7 = 0.075,[A) (4)] *” = 0.08,
[A9 @)]® = 0.05,[A% (2)]® = 0.06,
[AQ @)1= 0.033,[AF (2)]* = 0.04,
(A9 (3)]® = 0.065,[1% (4)]® = 0.07.
, . _ [4i (3)]1%7 = 0.045,[ A (4)]*” = 0.05,
At the operation statez,,, i.e. at the unmooring
operations state the ferry is built oh,= 3 [1?©0)]" =0.033,[12(2)]"”=0.04,
subsystemsS,, S, and S, forming a series structure
shown inFigure 22 [A2(3)]%° = 0.045,[A? (4)]“* = 0.05,
The subsystens, consist of componenE with

the intensities of departure from the safety states [A2 (@)]“?=0.033,[A2 (2)]“? = 0.04,
subsets {1234}, {2,3,4}{34},{4}, respectively
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[A2 (3)]“9= 0.045,[A2 (4)]“* = 0.05, [A2 U] = 0.033,[A2 (2)]** = 0.04,
[A2 )] = 0.033,[4% (2)]* = 0.04, [A2 (3)]“Y = 0.05,[A2 (4)]** = 0.055,
[A? (3)]% = 0.045,[A? (4)] “ = 0.05. [A@ @)]® = 0.033,[1? (2)]® = 0.04,
The subsystemS, consist of componentE® ,  [A%(3)]“Y=0.05,[A% (4)]“’ = 0.055,
EY, E, with the intensities of departure from the
2 1) — 2 11) —
safety states subsets {1234}, {2,3,484}, {4}, [A5 @)]%Y = 0.066,[157 (2)] ¥ = 0.07,

respectively
[A) (3)]* = 0.075,[ A% (4)] ™ = 0.08,

(A9 @)]% = 0.033,[1 (2)]*” = 0.04,
[A2@)]* = 0.066,[12 (2)]** = 0.07,
[A9(3)]“? = 0.045,[ 1% (4)]“? = 0.05,
[A2(3)]* = 0.075,[ A2 (4)]“* = 0.08,
[A2 1)]“ = 0.033,[12 (2)]“° = 0.04,
[AQ @] = 0.066,[4% (2)]** = 0.07,
[A5)(3)]7 = 0.05,[ A (4)] ** = 0.055,
[A2(3)]* = 0.075,[ A% (4)]“* = 0.08,
[A8 @)]* = 0.033,[1%) (2)] ™ = 0.04,
[A2 1% = 0.033,[47 (2)]** =0.04,
[A2 (3)]"? = 0.05,[ A3} (4)]“° = 0.06.
[A2(3)]* = 0.045,[A? (4)]** = 0.05,
At the operation stateg,,, i.e. at the ship turning
state the ferry is built oh, =2 subsystemss, and [A2@)]“ = 0.033,[42 (2)]“? = 0.04,
S, forming a series structure shownHigure 23
The subsystenss, consist of componenE} with
the intensities of departure from the safety states

[A?(3)] ™ = 0.045,[A? (4)]“Y = 0.05,

subsets {1234}, {2,3,4}{34}, {4}, respectively [A 1% = 0.033,[A5} (2)]*" = 0.04,
[A8 )] = 0.033,[4% (2)]** = 0.04, [A8 3]* = 0.045,[ A (4)]** = 0.05,
[A @)% = 0.045,[ A7) (4)] ** =0.05. [A8 1% = 0.033,[ A7 (2)]** = 0.04,

2 ) — @) an —
The subsystemS, consist of componentsE? ,  [An @)1= 0.045[47/(4)]7"=0.05.

EC, EQ, ED, EY, ED, EP, EY, ED,
E®?, E?, with the intensities of departure from the
safety states subsets {1234}, {2,3, 434}, {4},
respectively

At the operation statesz,, i.e. at the leaving
Karlskrona Port state the ferry is built of, =
subsystemsS, S, and S, forming a series structure
shown inFigure 24

[A9 )] ™ = 0.033,[4? (2)] ™ = 0.04, The subsystens, consist of componenE/ with

the intensities of departure from the safety states

[12 (3)] ™ =0.05, [A? (4)] ™ = 0.055, subsets {1234}, {2,3,4}{34},{4}, respectively

42 01 = 0.033,42 (2)]“* = 0.04, [42 1] = 0.083,[A% (2)] “* = 0.04,

A2 @] = 0.05,[42 (4)] ™ = 0.055, [42 (3)]* = 0.045,[A% (4)]“? =0.05.
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The subsystemS, consist of componentE® , subsystemsS, S, and S, forming a series structure
E?, EQ, E?, E?, E?, E?, E?, with the Shown inFigure 25

. ", : @ H
intensities of departure from the safety statesetsp 1 he Subsystens, consist of componenk,;” with

{1234}, {2,3,4}, {34}, {4}, respectively the intensities of departure from the safety states
subsets {1234}, {2,3,4}{34}, {4}, respectively

(A2 (1)]%? = 0.033,[1?(2)]*? =0.04, b .
[A2 @]9 = 0.033,[A2(2)]* = 0.04,
[A? (3)]“? =0.05,[ A% (4)] ** = 0.055,
[ (3)]*? = 0.045,[ A (4)] *® =0.05.

[A2 0)]% = 0.033,[A? (2)] " = 0.04,
The subsystemS, consist of componentE?

[A9 (3)]%? = 0.05,[A? (4)] *? = 0.055, E?, E?, E?, EQ, E®, E®, E?, with the
intensities of departure from the safety statesetsh
(A2 0)]* = 0.033,[A% (2)]*? = 0.04, {1234}, {2,3,4}, {34}, {4}, respectively
[ (3)]%?= 0.05,[ A (4)]*” = 0.055, [A7 1% = 0.033,[47 (2)]*? =0.04,
[A@ 1)]% = 0.033,[A? (2)]* = 0.04, [ (3)]%9=0.05,[ A (4)]*® = 0.055,
[12(3)]% = 0.05,[ A? (4)]“® = 0.055, [A2@0)]¢Y = 0.033,[12 (2)]** = 0.04,
[A2 (1)]“? = 0.033,[A? (2)]*® = 0.04, [ (3)]%?= 0.05,[ A7 (4)]*° = 0.055,
— — (2) 13) — (2) 13 —
[A?(3)]*? = 0.045,[A? (4)]“¥ = 0.05, [A55 1% = 0.033,[47 (2)]” = 0.04,
[A2 )]“? = 0.033,[A? (2)]“? = 0.04, [A2 3)]% = 0.05,[A7 (4)]*? = 0.055,
[A2(3)]“% = 0.045,[ A2 (4)]** = 0.05, [4:3 M]%?=0.033,[A47 (2)]* =0.04,
[/1(2) (1)] 12) — =0.033 [A(Z) (2)] 2 — 004’ [A(Z) (3)] 13) — 005’ [/1(2) (4)] 13) — =0. 055
[A5 (3)]%9= 0.045,[ A7 (4)]“? = 0.05, [A2 @]1% = 0.033,[A (2)]*? =0.04,
[A2 1)]“? = 0.033,[1? (2)] “? = 0.04, [ 3)]% = 0.045,[ A7 (4)]*? = 0.05,
[A? (3)]%? = 0.045,[A? (4)]“? = 0.05. [4s2 1% = 0.033,[A7 (2)] ¥ = 0.04,
The subsystens, consist of componenE/ with [4s2 (3)]%7 = 0.045,[ AT (4)]** = 0.05,
the intensities of departure from the safety states
subsets {1,234}, {2,3,44{34}, {4}, respectively A2 @)1 = 0.033,[12 (2)]* = 0.04,
[AS @)]*? = 0.05,[A% (2)]“? = 0.055, [A2(3)]* = 0.045,[A2 (4)]“? = 0.05,
[A9(3)]%2 = 0.06,[ A (4)] *? = 0.065. [A2 @)]*? = 0.033,[12 (2)]*° = 0.04,

At the operation stateg,,, i.e. at the navigation at  [A?(3)]*¥ = 0.045,[1? (4)]*® = 0.05.
open waters state the ferry is built of,= 3
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The subsystens, consist of componenE,; with A2 @)1 = 0.033,[12 (2)]*Y = 0.04,

the intensities of departure from the safety states

subsets {1234}, {2,3,44{34}, {4}, respectively [A2(3)]*Y=0.045,[12 (4)]“Y = 0.05,
[/](4) (1)] @ =, 05 [/1(4) (2)] @ =0. 055 [/]gzl) (1)] 14) — 0_033,[/]%) (2)] 4) — 0_04’
[/](4) (3)] 3 — 0.06,[/](4) (4)] @ =0.065. [/]gzl) (3)] 4 — 0_045,[/]%) (4)] = 0.05.

At the operation stateg,,, i.e. at the navigation at The subsystens, consist of componenE! with
restricted waters state the ferry is built of, =3 the intensities of departure from the safety states
subsystemsS,, S, and S, forming a series structure Subsets {1234}, {2,3,4{34}, {4}, respectively
shown inFigure 26

The subsystenS, consist of componenE® with [A7 @]% = 0.05,[A7 (2)] " = 0.055,
the intensities of departure from the safety states
subsets {1,234}, {2,3,4434}, {4}, respectively [ASD (3)]% = 0.06,[ A% (4)]“Y = 0.065.
A9 @)]1% = 0.033,[19(2)]*? = 0.04, At the operation stateg,, i.e. at the navigation to
turning area state the ferry is built af,= 2
[ (3)]%9=0.045,[ A (4)]*¥ =0.05. subsystemsS, and S, forming a series structure
shown inFigure 27
The subsystemS, consist of componentE® , The subsystenS, consist of componenE® with

E?, EQ, E?, EP?, E?, E?, E?, with the the intensities of departure from the safety states
intensities of departure from the safety statesetsh  Subsets {1234}, {2,3,4}{34}, {4}, respectively
{1,234}, {2,3,4}, {34} ,{4}, respectively
[A7 @]%° = 0.033,[43 (2)]“° = 0.04,
[A2 @)]“ = 0.033,[A? (2)]* = 0.04,
[A% (3)]™ = 0.045,[ A% (4)] ** =0.05.
[A% (3)]*Y=0.05,[A? (4)] *¥ = 0.055,
The subsystemS, consist of componentsE®
[/]g) @)]* = 0.033,[/15) (2)]“=10.04, E1(22)v El(g), o) Ez(i)a E2(§)’ Eg), EQ  EO

4 41 51

E®, E?, with the intensities of departure from the
safety states subsets {1234}, {2,3, 434}, {4},
respectively

[A2 (3)]%= 0.05,[A? (4)]““ = 0.055,

[A2 )] = 0.033,[1? (2)]““ = 0.04,

A2 @))% = 0,05, (A2 4)] = 0,055 [A? )] = 0.033,[1? (2)]*® =0.04,

[A2 (3)]49=0.05,[ A (4)]“® = 0.055,
[A? @] = 0.033,[A% (2)]* =0.04,

@ (3749 @ (4]0 [A2 ]9 = 0.033,[A7 (2)]** = 0.04,
[A5 3] =0.05,[4 (4)]"" = 0.055,

[A2(3)]“Y= 0.05,[ A2 (4)] *® = 0.055,
[A2@0)]* = 0.033,[12(2)]* = 0.04,

) 14) ) 14) [A(Z) (1)] o= 0 033 [A(Z) (2)] o= 004,
[A2 (3)] = 0.045,[12 (4)]** = 0.05,

[/](2) (3)] = Q. 05, [/1(2) (4)] = 055,
[Aézl) (1)] 14) — 0033,[Aé21) (2)] as) — 0.04,

[A(Z) (3)] (14) — 0 045 [A(Z) (4)] 14) — 0 05 [A:(Li) (1)] 4= 0 033 [A:(Li) (2)] ) 0041

(42 (3= 0.05,[A2 (4)]* = 0.055,
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[A? (1)]® = 0.033,[1? (2)] = 0.04, [A? (1)]® = 0.033,[ 12 (2)] ** = 0.04,
[45 (3)]%9= 0.045,[ A (4)]*° = 0.05, [A2 (3)]%® = 0.05,[A? (4)]“® = 0.055,
[A2 )] = 0.033,[12 (2)]*® = 0.04, [A2 )] = 0.033,[ A2 (2)]*® = 0.04,
[A2 (3)]® = 0.045,[ A2 (4)] *® = 0.05, [A2 (3)]® = 0.05,[A? (4)] *® = 0.055,
[A? (1)]® = 0.033,[1? (2)]* = 0.04, [A? (1)]® = 0.033,[1? (2)]*® = 0.04,
[12(3)]%9 = 0.045,[ A (4)] ©® = 0.05, [1?(3)]%9 = 0.05,[A? (4)] *® = 0.055,
[A?1)]® = 0.033,[1? (2)]*® = 0.04, [A? (1)]® = 0.066,[ 12 (2)]* = 0.07,
[A? (3)]® = 0.045,[A? (4)] *® = 0.05, [A2 (3)]® = 0.075,[ A2 (4)] *® = 0.08,
[A2 )] = 0.033,[1? (2)]*® = 0.04, [A2 )] = 0.066,[12 (2)]*® = 0.07,
[A2 (3)]® = 0.045,[ A2 (4)] *® = 0.05, [A2 (3)]® = 0.075,[ A2 (4)] *® = 0.08,
[A? (1)]® = 0.033,[1? (2)] = 0.04, [A? (1)]® = 0.066,[ 12 (2)] ** = 0.07,
[1?(3)]%9 = 0.045,[ A (4)] ©® = 0.05, [12(3)]%9 = 0.075,[ A2 (4)]*® = 0.08,
[A? (1)]® = 0.033,[1? (2)]* = 0.04, [A? (1)]® = 0.033,[1? (2)]*® = 0.04,
[A@ (3)]® = 0.045,[A? (4)] *® = 0.05. [A2 (3)] = 0.045,[A? (4)] *® = 0.05,

At the operation stateg,;, i.e. at the ship turning  [A2 @)]*® = 0.033,[A2 (2)] *® = 0.04,
state the ferry is built oh, = ZubsystemsS, and
S, forming a series structure shownFigure 28. [46)(3)]%9= 0.045,[ A3 (4)]*° = 0.05,
The subsystens, consist of componenE/Y with

the intensities of departure from the safety states
subsets {1234}, {2,3,4}{34},{4}, respectively

[A2 1)]% = 0.033,[1? (2)]* = 0.04,

[A2(3)]“ = 0.045,[A? (4)] *® = 0.05,
A2 @)= 0.033,[42 @] = 0.04,

[/1523 L] = 0_033,[/]%) 2)]% = 0.04,
A (3)1% = 0.045,[ A% (4)]“* =0.05. @

(42 (3)]*= 0.045,[4% (4)]* = 0.05.

The subsystemS, consist of componentE?
E@ E® @ E@ E@ E@ EO@ E®@ At the operation states,, i.e. at the mooring
12 1 13 ? 4 21 22 31 !

41 51 1 . . . _
E®, E?, with the intensities of departure from the operations  state the ferry s bu”t_ of, = 3
safety states subsets {1234}, {2,3.484} , {4}, subsystemsS, S, and S, forming a series structure
shown inFigure 29

The subsystenss, consist of componenEy with

[A2 1)] = 0.033,[A? (2)]“® = 0.04, the intensities of departure from the safety states
subsets {1234}, {2,3,4}{34},{4}, respectively

respectively

[A2 (3)]49=0.05,[ A7 (4)]“° = 0.055,
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[A% @]®7 = 0.033,[A2 (2)] “" = 0.04, [A2 (3)]“" = 0.045,[ A2 (4)]“” = 0.05,

[A% (3)]“" = 0.045,[ A% (4)] *" =0.05. [A2 ] = 0.033,[12 (2)] “" = 0.04,
The subsystemS, consist of componentE® ,  [A%(3)]*” = 0.045,[1% (4)]*” = 0.05.
EY. EY. B, EY. ER, EY, ED. EZ,

- ®
E®, E@, with the intensities of departure from the 1N€ SubsystemS; consist of componentss,”

safety states subsets {1234}, {2,3,484}, {4}, EY, E, with the intensities of departure from the
respectively safety states subsets {1,234}, {2,3,434}, {4},
respectively
(A2 D)1 =0.033,[1? (2)]*” =0.04,
[A9 ]*” = 0.033,[A (2)] *” = 0.04,
[A2 (3)]“” =0.05,[A2 (4)]“” = 0.055,
[ (3)]%”= 0.045,[ A7 (4)]*” = 0.05,
(2 a7 = (2 ) —
[ @] =0.033,[45(2)]%" = 0.04, I .
A9 @1“" = 0.033,[15) (2)]*” = 0.04,
[A2 (3)]“" = 0.05,[ A2 (4)]*” = 0.055,
[A$) (3)]“” = 0.05,[A$) (4)]*” = 0.055,
[A2 @)]%" = 0.033,[ A% (2)]*” = 0.04,
[/](5) (1)] @ =0.033 [/](5) (2)] an — 0.04,
[A% (3)]*" = 0.05,[A? (4)] *” = 0.055,
[A8) (3)]“” = 0.05,[AS) (4)] *” = 0.06.
(A2 D)1 =0.033,[1? (2)]*” =0.04,
At the operation states,, i.e. at the unloading state

[A2(3)]“" = 0.05,[A? (4)]“" = 0.055, the ferry is built ofn, = 2subsystemsS, and S,
forming a series structure shownHigure 29

[A2 1)]% = 0.066,[A? (2)] " = 0.07, The subsystemS, consist of componentE?
EY, EY with the intensities of departure from the

[A5 (3)]*” = 0.075,[ A% (4)]*" = 0.08, safety states subsets {1234}, {2,3,484}, {4},

respectively
[A% @)]*" = 0.066,[A% (2)]*" = 0.07,
[/](3) (1)] @ =0. 2 [/]S) (2)] (18 —
[/1(2) (3)] a7 — =0.075 [/](2) (4)] an = 0.08,
[A2 (3)]% = 0.35,[A7 (4)]** = 0.4
[/1(2) M]*” = 0.066 [/1(2) (2)]*=0.07,
[A5) @] = 0.2,[A5) (2)]“° = 0.25,
[/](2) (3)] @ =0.075 [/](2) (4)] an = 0.08,
[A5)(3)]% =0.3,[A5 (4)]* = 0.4
[A2 @©)]“" = 0.033,[ 1Y (2)]*” = 0.04,
[/1(3) M]*®=0.033 [/1(3) (2)]"® = 0.04,
[/](2) (3)] @ = 0.045 [/](2) (4)] @n — 0.05,
[/1(3) (3)]1*® = 0.045 [/1(3) (4)]"® = 0.05.
[A2 1)]“" = 0.033,[ A2 (2)] *" = 0.04,
The subsystens, consist of componenE/; with
[A9(3)]“7 = 0.045,[ A2 (4)]“” = 0.05, the intensities of departure from the safety states
subsets {1234}, {2,3,4}{34} , {4}, respectively
[A& @]*” = 0.033,[A (2)]“" = 0.04,
[A9 ()] = 0.05,[ A% (2)]“” = 0.06,
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[A%(3)]*® = 0.065,[ 1 (4)] *® = 0.07. instance, in our case, using the formula (12), e g
the evaluation

5.1.4.1. Statistical identification of the Stena

Baltica ferry technical system components [/Tij“) m® = 2 . 0.044,
safety on the basis of data coming from their _ - 0+225(2-0)
safety states changing processes =12, j=1

The exact evaluation of the Stena Baltica ferrgds - -

possible at the moment because of the complete Iacﬁnd similarly, after applying (18), we have
of statistical data about the changes the safety st 0+2

subsets by the ferry components and subsystem§A®(1)]” = ———=0044 i=12 j=1
Currently, we have only one information about the 22502

change from the reliability state subg§&®} into the . i .
The above evaluations of the unknown intensity of

worst safety statez=0 (a failure), i.e. into the  yonarre from the safety state subset may suggest
safety state subsgD, 1,2}, one of two stern loading  tha; the evaluations of order 0.2 — 0.4 of the

platforms_ loading containers on to _the ferry ma_i”intensities [A®]1® and [A®]® of the considered
deck. This departure happened after its good wgrkin
for around 22 years. The remaining components an

. : . existing in the co-ordinates of their safety fuons
subsystems of the ferry under considerations afe hi " b) @ - .
reliable and none of them failed during the [Su (LWI™ and [s;’(t, u)l™ are too large. This

observation timer = 22.5 years. fact may lead us to very pessimistic evaluatiothef

The estimation of this failed component intensity o considered ferry technical system safety. Therefore
departure from the safety states subde?} to the  @n additional discussion with experts is neededaand
safety state subsef0,1.2} can be done by the final decision on changing these and perhaps other

. i . . intensities values have to be taken.
formula (11) derived inCase 2in Section 3.4.2.
Substituting in this formular =225, u=1, n = 2,

(I]oading platforms coming from expert opinions and

5.1.5. Identifying the Stena Balticaferry
m =1 and t” @)= 22 we get the maximum technical system components conditional
likelihood evaluation of the unknown component multistate exponential safety functions

intensity of departuréA® )] i=12 j=1 from  Ag there are no data collected from the Stena®alti

the safety states subgg{?} is ferry technical system components safety states
changing processes, then it is not possible tdweri

- 1 the hypotheses on the exponential forms of theaSten
AP O =7 -—-000225 Baltica ferry technical system components

22+225(2-1)

=12 =1 conditional safety functions. We arbitrarily assume
i=12 j=1

that these safety functions are exponential anaigusi
the results of the Section 5.1.4.1 and the relaligns
The estimation of this failed component intensity 0 given in Section 5.1.2 we fix heir forms.

departure from the safety states subfeP} can At the operation states,, i.e. at the cargo loading
also be done by the formula (17) derivecCimse Sn and un-loading state the ferry is built of
r=225,u=1n=2m=1andt” ()= 22 we  gyycture shown iFigure 13

get the maXimUm I|kel|h00d eva|uati0n Of the The Subsystenqs3 Consist Of Componentfl(f) ,
unknown component intensity of departure

. ED, E® with the conditional multi-state safety
[A2@]® from the safety states subg@f2} is ST

functions co-ordinates

A2 @] =% 000222 i=12 j=1 [s? (& 1)]% = expt0.21, [s7 (£,2)]” = expf0.3],

® @ = ® (-
The unknown intensities of departures from the[s‘ll (t3)]" = expi0.33], [s,; (LAI™ = exp0.4d,
safety state subsets for the components that hatve n
changed the safety state subsets during thdSs (t1)]% =expF0.21], [s (t,2)]" = expf-0.28],
observation time can be evaluated using so called
pessimistic estimation , derived in Section 3.£@.

479



Soszyska Joanna, Kotowrocki Krzysztof, Blokus-Roszkowshaeszka,Guze Sambor
Identification of complex technical system comptmeafety models

[s$ (t.3)]" = expF0.3], [s (t,4)]"” = expF-0.4], [s% (t.3)]® =exp[0.078], [s¥) (t,4)]” =exp[-0.0],
[s (t,1)]” =expF-0.033], [s¥ (t,2)]” = expF0.04],  [sf (1)) =expf-0.068], [s? (t.2)]* =exp[-0.07],
[s? (t,3)]") =exp[-0.043],[s2 (1,4)Y = expF0.08].  [s? (t,3)]” =exp[-0.073],[s? (t,4)]?) =exp[-0.04],

The subsystens, consist of componenE? with  [s? (t,1)]® =exp[-0.068],[s? (t,2)]® =exp[0.07],
the conditional multi-state safety functions co-
ordinates [s? (t,3)]? =exp[-0.075],[s? (t,4)]® =exp[-0.08],

[s (t,1)] =exp[-0.08], [s? (,2)]” = exp[-0.04], [s? (t,1)]2 =exp[-0.033], [ (t,2)]? =exp[-0.04],
[s? (¢:3)]” =expt-0.068] [ (t4)]” = expFO.0M. (5@ (1 3)]@ =exp[-0.048], [s2 (t,4)]? =exp{-0.08],

At the. operation stateg,, |.e..at th(? unmooring [s2 12 —exp[-0.033], [s? (t,2)]? =exp[-0.04],
operations state the ferry is built oh, =3

subsystemss, S, and S, forming a series structure [s? (t,3)]? =exp[-0.045], [s? (t,4)]? =exp[-0.08],
shown inFigure 14

The subsystent, consist of componenE/y with [s2 (t,1)]? =exp0.033],[s2 (t,2)]? =exp[-0.04],
the conditional multi-state safety functions co-

ordinates [s2 (t,3)]? =exp[-0.044], [s? (t,4)]? =exp[-0.04],

1 2) — - 1 2) —
[Sl(l) (t,1)]* =exp[-0.033], [Sl(l) (t,2)] expf0.04], [S§:2L) (t,l)](z) =exp[-0.033], [Sﬁ) (t,2)](2) =exp[-0.04],

® @ —ayni ® @ =
[511 (t13)] exp[ 0-045]' [311 (t’4)] exp[—0.0&]. [Sﬁ) (t,3)](2) :exp[—0.045], [Sﬁ) (t,4)](2) :exp[—0.0ﬁ].

The subsystemS, consist of componentE? _ o

EQ  EO © @ EO EO EO EgO The subsystemS; consist of componentsE;
vy e e e e T T G E® with the conditional multi-state safet

E®, E?, with the conditional multi-state safety _ =’ ' . y
oo : functions co-ordinates

functions co-ordinates

(s (L1)]® =exp[-0.033], (5% (12)]? exppo.0a), 151 (W17 =expE0.033 [ (1 )] = expt0.041),

(s (£.3)]? =expl-0.08],[s? (1.4)® exp-0.058), S (13 =expF0.048].[s? (t4)1” =exp}-0.081)

(52 (t,1)]? =exp[-0.033], [s? (1.2)]? =exp-0.04), LS5 (W1 =expF0.033],[s7 (1)1 = expf0.04],

[s2 (1,3)]? =exp[-0.08], [ (1.4 expp0.05a], LS (137 =expF0.08] [ (t4)]” = expF0.055],

[s2 (,1)]? =expl-0.033], [s® (6.2 =exp0.04], [ (LDI7 =expf0.033], [s7 ()] = exp{-0.04],

(52 (L3)I® =expF0.08,[7 (LA expo.05a, (S (131 = expr0.08], [s57(14)] = exp(-0.0a).

2 2 — &) (2) —
[sie” (L1 =expf0.033]. [s,,” (1.2)] =expf-0.04], At the operation stateg,, i.e. at the leaving Gdynia

Port state the ferry is built af, = BubsystemsS,
and S, forming a series structure shown Rigure
15.

[s (t,3)]®) =expF-0.08], [s7 (t,4)]” =expF-0.054],

[s? (t,1)]® =exp[-0.068],[s? (t,2)]® =exp[-0.07],
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The subsystens, consist of componenE/? with

the conditional multi-state safety functions co-
ordinates

[s (t,1)] =exp[-0.033], [ (.2)]® = exp[-0.04],
[s (1,3)]® =expF0.045], [s? (t,4)]® = exp[-0.05].

The subsystemS, consist of componentE?
E® E® ) E® E® E® E® E®

12 0 13 7 4 21 22 31 7 41 7 51 7

E?, E?, with the conditional multi-state safety

functions co-ordinates

[s? (t,1)]° =expF-0.033],[s? (t,2)]) =exp[-0.04],
[s2 (t,3)] =exp[-0.08], [s? (t,4)]® =expf-0.054],
[s2 (t,1)]® =expF-0.033], [ (t,2)]) =exp-0.04],
[s2 (t,3) =exp[-0.0], [s? (t,4)]® =expf-0.054],
[s2 (t,1)]® =expF-0.033], [ (t,2)]®) =exp-0.04],
[s2 (t,3) =exp[-0.0], [s? (t,4)]® =expf-0.054],
[s? (t,1)]° =expF-0.033],[s? (t.2)]) =exp-0.04],
[s? (£,3)]°) =expF-0.08], [s;? (t,4)]®=exp[-0.054],
[s& (t,1)]® =expF-0.033], [s{? (t,2)]) =exp-0.04],
[s& (t,3)]°) =expF-0.048], [s{? (t,4)]®) =expf-0.08],
[s2 (t,1)]® =expF-0.033],[s (t,2)]) =exp-0.04],
[s% (t,3)]°) =expF-0.048], [s (t,4)]®) =expf-0.08],
[s (t,1)]® =expF-0.033], [s{? (t.2)]®) =exp-0.04],
[s (t,3)]°) =expF-0.048], [s{? (t,4)]®) =expf-0.08],
[s? (t,1)]® =exp[-0.033],[s? (t,2)]® =exp[-0.04],
[s? (.3)]°) =expF-0.048], [s{? (t.4)]®) =exp-0.08],
[s (,1)]® =expF-0.033], [s (t,2)]®) =expf-0.04],

[s (t,3)]® =expf-0.048], [s¥? (t,4)]®) =exp[-0.05],
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[s? (t,1)]® =exp[-0.033],[s? (t,2)]® =exp[-0.04],
[s% (t,3)]® =expf-0.048], [s? (t,4)]®) =exp[-0.05],
[sf? (t,1)]® =exp[-0.033], [s{? (t,2)]” =exp[-0.04],
[s% (t.3)]® =exp[-0.048], [s? (t,4)]® =exp[-0.05].

At the operation stateg,, i.e. at the navigation at
restricted waters state the ferry is built of =3

subsystemsS,, S, and S, forming a series structure
shown inFigure 16
The subsystenfS, consist of componenE; with

the conditional multi-state safety functions co-
ordinates

[s (t,1)] =exp[-0.033], [ (1.2)]” = exp[-0.04],
[s5 (1,3)]” =expF0.0458], [s? (t,4)]® = exp[-0.05].

The subsystemS, consist of componentE?
E®@ E® @ E@ EO® E@ E@ \with the

12 7 13 1 4 1 41 1 51 61 71
conditional multi-state safety functions co-ordasat

[s? (t,1)]) =expF-0.033], [s? (t,2)]” =expf-0.04],
[s2 (1,3)]” =expf-0.03], [s? (1,4)]"” =exp[-0.054],
[s2 (t.1)]® expF-0.033], [s? (.2)] = expt-0.04],
[s2 (t,3)) =expF-0.08], [ (t,4)] =expF-0.058],
[s (t,1)]) =expF-0.033], [ (t,2)] =exp-0.04],
[s2 (1,3)]” =expf-0.083], [s? (1,4)]"” =exp[-0.054],
[s? (t,1)]) =expF-0.033], [ (t.2)] =exp[-0.04],
[s? (1,3)] =exp[-0.08], [s? (1,4)]"” =exp[-0.054],
[s? (t,1)] =exp[-0.033],[s? (t,2)]® =exp[-0.04],
[ (t,3)]” =expF-0.048], [s{? (t,4)] =exp-0.08],
[s (t,1)]) =expF-0.033], [s (t,2)] =exp[-0.04],

[s? (t,3)]” =exp[0.045],[s¥ (t,4)]“’=exp[-0.05],
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[s? (t,1)]) =exp[-0.033],[s? (t,2)] =exp[-0.04],

[s? (t,3)]“ =exp[-0.045],[s? (1,4)]® =exp[-0.01],
[s% (t.1)]® =expF-0.033], [s}? (1,2)]) =exp[-0.04],

[s? (t,3)]“ =exp[-0.045], [ (t,4)]“’=exp[-0.05].
The subsystens, consist of componenE!? with

the conditional multi-state safety functions co-
ordinates

[s% (t,1)] =expF-0.08], [s? (t.2)]* = exp[-0.08],
[s (t.3)]) =expF-0.068],[s (t,4)]¥) = expF-0.07].

At the operation statez., i.e. at the navigation at
open waters state the ferry is built of, = 3
subsystemsS, S, and S, forming a series structure
shown inFigure 17

The subsystens, consist of componenE/? with

the conditional multi-state safety functions co-
ordinates

[s (t,1)]® =exp[-0.033], [ (.2)]® = exp[-0.04],
[s (1,3)]® =expF0.045], [s? (t,4)]® = exp[-0.05].

The subsystemS, consist of componentsE,?
E®@ E® @ E@ EO® E@ E@ \with the

12 7 13 1 4 1 41 1 51 61 71
conditional multi-state safety functions co-ordasat

[s? (t,1)]® =exp-0.033],[s? (t,2)] =expf-0.04],
[s? (t,3)] =exp-0.05],[s? (t,4)] =exp[-0.054],
[s2 (t,1)]® =expf-0.033],[s? (t,2)] =expf-0.04],
[s2 (t,3)] =expf-0.05],[s2 (t,4)] =exp[-0.054],
[s2 (t,1)]® =expf-0.033],[s? (t,2)] =expf-0.04],
[s? (t,3)] =exp-0.05],[s2 (t,4)] =exp[-0.054],
[s2 (t,1)]® =exp-0.033],[s? (t,2)] =expf-0.04],

[s? (£.3)] =exp[-0.08], [s? (t,4)] =expf-0.054]
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[s@ (t,1)]® =exp[-0.033],[s? (t,2)]® =exp[-0.04],
[si? (t,3)]°) =exp[-0.048], [s}? (t,4)]® =exp-0.08],
[ (t,1)]) =exp[-0.033], [s7 (t,2)]”) =exp}-0.04],
[s (t,3)]® =expf-0.048], [s¥? (t,4)]°) =exp[-0.05],

[s? (t,1)]® =exp[0.033],[s? (t,2)]® =exp[-0.04],

2)
1

2)
1

[s? (t,3)]® =exp[-0.04%],[s? (t,4)]® =exp[-0.03],

[s (t,1)]® =exp-0.033], [ (t,2)® =exp}-0.04],
[s% (t.3)]® =exp[-0.048], [s? (t,4)]” =exp[-0.05].

The subsystens, consist of componenE!? with

the conditional multi-state safety functions co-
ordinates

[s (1,1)]® =exp[0.05], [s¥ (1,2)]® = exp[-0.04],
[s (t,3)]® =expf-0.068], [ (t,4)]® = expf-0.07].

At the operation statez,, i.e. at the navigation at

restricted waters state the ferry is built of= 3
subsystemsS,, S, and S, forming a series-parallel

structure shown ifrigure 18

The subsystens, consist of componenE/? with

the conditional multi-state safety functions co-
ordinates

[s (t,1)]® =exp[-0.033], [ (1.2)]® = exp[-0.04],
[s (1,3)]® =expF0.045], [s? (t,4)]® = exp[-0.05].

The subsystemS, consist of componentsE?
E® E® ) E® E® E® E® E®

12 1 13 4 1 21 22 1 31 ! 41 1 51 1
E®, EZ, with the conditional multi-state safety

functions co-ordinates

[s? (t,1)]) =exp[-0.033],[s? (t,2)]) =exp}-0.04],
[ (t,3)]) =expF-0.08], [s? (1,4)]” =expF-0.054],
[s (t,1)]) =exp[-0.033],[s? (t,2)]) =exp}-0.04],

[s (t,3)]) =exp[-0.08], [ (t,4)]” =expF-0.058],
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[s? (t,1)]® =exp[0.033],[s? (1,2)]® =exp[-0.04],  The subsystenS, consist of componenEf with
the conditional multi-state safety functions co-
[s? (t.3)]® =exp[-0.08], [s? (t,4)]® =expf-0.055],  ordinates

[Sl(j) (t,l)](6) —exp[-0.033], [Sl(j) (t,Z)](G) =exp[-0.04], [Sﬁ) (t,l)]m =exp[0.033], [Sﬁ) (t,Z)]m = expp0.04],
[s? (1,3)]© =expi-0.05], [s? (,4)]® =exp0.058],  [Si (t.3)]” =exp[0.048], [s? (1.4)” = exp-0.08].

i (2)
[s3? (t.1)]® =expf-0.033] [s7? (1.2)] =exp{-0.04], T;g Stét:jystegsz Et:(gnsit(z)of éz)mpzr:;ntfélz) ,
12 7 13 1 4 1 21 1 22 1 31 41 51
[s? (t,3)]® =exp[-0.045],[s? (t,4)]® =exp[-0.03], E®, EP?, with the conditional multi-state safety
functions co-ordinates
[s5? (t 1) =exp[-0.033], [s (t,2)]=exp[-0.04], N o
[sf (t,1)]" =expF-0.033], [s? (t,2)]" =expf-0.04],
[s? (t,3)]® =exp[-0.045],[s? (,4)]® =exp[-0.03],
[s? (t,3)]"” =exp}-0.08], [ (t,4)]” =expf-0.054],
[s5? (6 1) =exp[0.033],[s:? (1,2)] =exp[-0.04], N o
[si7 (t,1)]" =expF-0.033], [s? (t,2)]"’ =expf-0.04],
[s? (t,3)] =expt-0.048], [s? (t,4)] =expf-0.08],
[s2 (t,3)]"” =exp}-0.08], [s? (t,4)]” =expf-0.054],
[s? (t,1)]® =exp[-0.033],[s? (t,2)]® =exp[-0.04], 2 o 2 o
[si7 (t,1)]" =expF-0.033], [s? (t,2)]" =expf-0.04],
[s@ (t,3)]® =exp[-0.04%],[s? (t,4)]® =exp[-0.03],
[s? (t,3)]"” =exp}-0.08], [s? (t,4)]” =expf-0.054],
[s (t.1)]® =exp[-0.033], [s¥ (£,2)]® =exp[-0.04], ) o
[s2 (t,1)]"" =expF0.033], [ (t,2)]"” =expf-0.04],
[s (t,3)] =expt-0.048],[s? (t,4)] =exp-0.08],
[s% (£,3)]"” =exp[-0.08], [ (t,4)]” =expf-0.053],
[s? (t,1)]® =exp[-0.033],[s? (t,2)]® =exp[-0.04], 2 o 2 o
[s5? (t,1)]"" =expF-0.068], [s]? (t,2)]"” =expf-0.07],
[s? (t,3)]® =exp[-0.045],[s? (1,4)]® =exp[-0.03], 2 o 2 o
[s? (t,3)]'"” =exp[-0.073], [s? (t,4)]'” =exp[-0.08],
[s% (t.1)]®=exp[-0.033], [s? (1,2)® =exp[-0.04], ) o
[s57 (t,1)]"" =expF-0.068], [s; (t,2)]"” =expf-0.07],
[s (,3)) = xp[-0.048], [s? (t,4)] = exp[-0.08]. - o
[s2 (t,3)]'"” =exp[-0.073], [s? (t,4)]'” =exp[-0.08],
The subsystens, consist of componenE; with o o o o
the conditional multi-state safety functions co- [S;y (t,1)]"” =exp[-0.068],[s;;’ (t,2)]'” =expf{-0.07],
ordinates
() (") = @) 7 —
" o o) [s; (t,3)]"7 =exp[-0.073],[s;; (t.4)]"" =exp{-0.08],
[s;’ (D] =exp-0.03], [s;; (t,2)]™ = exp[-0.0€],
[s? (t,1)]” =exp[-0.033],[s? (t,2)]™ =exp[-0.04],
[s (t.3)]° =expt-0.064],[s? (t,4)]® = expf-0.07].
[s? (t,3)]”) =exp[-0.04%],[s? (t,4)]” =exp[-0.01],
At the operation statez,, i.e. at the mooring
operations state the ferry is built of, = 3 [s? (t,1)]" =exp[-0.033],[s? (t,2)]” =exp[-0.04],
subsystemsS, S, and S, forming a series structure
shown inFigure 19 [s? (t,3)]” =exp[-0.045],[s? (t,4)]" =exp[-0.01],
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2)
1

2)
1

[s? (t,1)]” =exp[-0.033],[s? (t,2)] =exp[-0.04],
[s% (t,3)]"” =expf-0.048], [s? (t,4)]" =exp[-0.05],
[sf? (t,1)]") =exp[-0.033], [s{? (t,2)]" =exp[-0.04],
[s% (t.3)]7 =exp[-0.048], [s? (t,4)]"” =exp[-0.05].

The subsystemS, consist of componentsE?

EY, EY, with the conditional multi-state safety

functions co-ordinates

[s (t,1)]7 =exp[-0.033], [s? (t,2)] = exp[-0.04],
[s (t,3)]7 =expF-0.048], [s? (t.4)]” = exp[-0.08],
[s? (t,1)]7 =expF-0.033], [ (t,2)] = exp[-0.04],
[s5? (t,3)]7 =expF-0.03], [ (t,4)]” = exp}-0.058],
[s? (t,1)]7 =exp[-0.033], [s{? (£,2)] = exp[-0.04],
[s5? (t.3)] = expF-0.08], [s{? (t.4)]” = expF-0.08].

At the operation statez,, i.e. at the unloading at
Karlskrona Port state the ferry is built of = 2
subsystemsS, and S, forming a series structure
shown inFigure 2Q

The subsystemS, consist of componentsE?

EY, with the conditional multi-state safety

functions co-ordinates

[s9 (t,1)]® = expF0.21], [s (t,2)]® = expf-0.31],
[s9 (.3)]) = expF0.38], [s? (t.4)] = exp{-0.4],
[s (t, 1) =expF0.033], [s{] (t,2)]® = expF-0.04],
[s (t,3)®) = expF-0.048], [s{? (t,4)]® =expf-0.08],

The subsystens, consist of componenE!? with

the conditional multi-state safety functions co-
ordinates

[s? (t,1)]® =exp[0.05], [s¥ (1,2)]® = exp[-0.04],

[s (t.3)]® =expF-0.068],[s? (t,4)]® = expF-0.07].
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At the operation statez,, i.e. at the unloading at
Karlskrona Port state the ferry is built of = 2
subsystemsS, and S, forming a series structure
shown inFigure 21

The subsystemS, consist of componentsE?
EY, with the conditional
functions co-ordinates

multi-state  safety

[s? (& 1] = expt0.21, [s? (£,2)]® = expF0.3],

[s9 (£,3)]® = expt0.38], [s? (t.4)]° = expF0.4],

[s (t,1)]® =expF-0.033], [s? (t,2)]) = expf-0.04],
[s5? (t,3)]” =expF-0.044], [sf) (t,4)]”) =expF-0.08].
The subsystens, consist of componenE; with
the conditional multi-state safety functions co-
ordinates

[s? (t, 1)) =expF-0.08], [sf? (t,2)” = expF-0.08],

[sY (1,3)]¥ =expF0.065], [s¥ (t,4)]® = expf-0.07].

At the operation statez,,, i.e. at the unmooring
operations state the ferry is built oh,= 3
subsystemss,, S, and S; forming a series structure
shown inFigure 22

The subsystenss, consist of componenEy with
the conditional multi-state safety functions co-

ordinates

[s% (1. 1)]*” =exp[-0.033],

[ (t,2)]"”=expF-0.04],

[s% (t.3)]"” =exp[-0.044],

[s (t.4)]““=exp[-0.05].

The subsystens, consist of componentg”,
£, EP, EY, EY. EP, EY. EP, EO,
E®, EZ, with the conditional multi-state safety

functions co-ordinates

[s (t.1)]“%=exp[-0.033],



