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Abstract

There is presented the contents of the trainingseoaddressed to industry. The curriculum of thersm
includes the methods, algorithms and proceduregifediction of the operation processes of the cempl
technical systems and their application in practices based on the theoretical backgrounds cawckwith
the semi-markov modelling of the complex techngyatems operation processes and on the metholes# t
processes prediction. The illustrations of the pegal methods and procedures practical applicatigpoit,

shipyard and maritime transport sector and areidez.

1. Introduction -

The training course is concerned with the methods,
algorithms and procedures of prediction of the
operation processes of the complex technical system
and their application in practice and it is basedi®
results given in [4]. The participants of the cauase
provided training materials and a disk with the
computer program included in [1]. Presented at the
training course examples of practical applicatiares
coming from [2]-[3] and [5]-[6].

The training course includes the following items:

- Theoretical backgrounds based on [4]:
mathematical model of the complex
technical system operation process and its
basic parameters and characteristics;

- Methodology of description of the complex
technical systems: fixing the system
designation and operation conditions, fixing
the system subsystems and components;

- Methodology of defining basic parameters of
the system operation process based on [4]:
fixing the number of disjoin operation states
of the system, defining the operation states
of the system, fixing the possible transitions
between the system operation states;
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Procedure of defining the input parameters
of the system operation process based on [4]:
fixing the system operation time, fixing the
number of system operation states, the
probabilities of the initial states of the
system operation process, fixing the
probabilities of the system operation process
transitions between the operation states
during the operation time, fixing the mean
values of distributions of the conditional
sojourn time of the system operation in the
particular operation states;

Procedure of predicting the characteristics of
the system operation process based on [4]:
determining the mean values of the
unconditional sojourn times of the system
operation process in particular operation
states for typical conditional distributions
distinguished in [4], determining transient
probabilities in particular operation states,
determining mean values of the total sojourn
times of the system operation process in
particular operation states during the fixed
operation time;

Procedure of applying the computer program
for prediction of the system operation
process based on [1];
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- Application of the procedures and computer 3.3. Procedure of defining the input

program for prediction of the operation parameters of the system operation process

processes of real complex technical systems: ) ) o
prediction of the operation process of the To predict the basic characteristics of the system

port oil piping transportation system based operations process, we should define its necessary

on [5], prediction of the operation process of following input preliminary parameters:
the shipyard ship-rope elevator based on [2],
prediction of the operation process of the”
shipyard ground ship-rope transportation g,

system based on [3], prediction of the _

operation process of the ferry technical - the number of the operation states of the system

system based on [6]. operation process,,

the duration time of the system operation process

- the vector of probabilities of the system operat

2. Theoretical backgrounds o _
proces<(t) initial operation states

Training material is given in [4].

bolxv: 10’20""’1/0' 1
3. Procedures of prediction of the operation Lp. ) [P.©). P, (0).....P, (O)] (1)
process of the complex technical system where

3.1. Methodology of description of the p,(0) = P(Z(0) = z,) for b=12,...v,

complex technical system
The description of the complex technical systems™ the matrix of probabilities of the system openati

should include at least the following items: proces<(t) transitions between the operation states
- the system designation,

- the system operation conditions, Pu P -+ Py

- the system subsystems and components. P, D, - P,

[P, = RS )
3.2. Methodology of defining the parameters
of the system operation process P. Py Py

To make the estimation of the unknown parameter

of the system operations process the experimen
delivering the necessary statistical data should be
precisely planned.

Firstly, before the experiment, we should perfolnm t

here

p, =0 forb=12,...v,

following preliminary steps: - the mean values of the conditional sojourn times
6,, at the operation stateg, when its next
i) to analyze the system operation process; operation state ig,

i) to fix or to define its following general 3 B
parameters: M, =E[8,], bl =12,...,v, b#l. (3)
- the number of the operation states of the systend.4. Procedure of predicting the
operation procesg, characteristics of the system operation
process

- the operation states of the system operationesec From the formula for total probability, it followthat

Ly Loy B the mean values of the unconditional sojourn times
6,b=12...v, of the system operation process at

b

iii) to fix the possible transitions between the system . .
i) X POSS| " W y the operation stateg b =12,...,v, are given by [4]

operation states;

iv) to fix the set of the unknown parameters of the M, =E[8] = z p,M, , b=12..v, (4)
system operation process semi-markov model. =
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where p, are the input probabilities of transitiens 5.1. Prediction of the port oil piping
between the operation states defined by (2) Bhd  transportation system operation process

are the input conditional mean values of the

conditional sojourn timesd, , defined in [7] by the ©-1-1. The port oil piping transportation

formula (8) in the case of any distribution of the system description

sojourn times §, and determined either by the The considered port oil piping transportation syste
formulae (9)-(16) in [7] in the cases of the partic is th(_e main part of the Qil Term'lnal meﬁogérze
distributions the sojourn timed, distinguished in ~that is designated for the reception from ships, th

, . storage and sending by carriages or by cars the oil
4] or determined approximately by the formula (7 . o i
i[n] [7] or given byp%xperts ir¥ tr){e cases of r(10)t products such like petrol and oil. It is also desigd

sufficient empirical data, for receiving from carriages or cars, the storage a

The limit values of the transient probabilitieqlst loading th_e tankers W!th 0'.' products.
_ _ The considered terminal is composed of three parts
particular operation statgg, t €)P(Z(t) = z)),

A, B and C, linked by the piping transportation
t0< 0,+x), b=12,...,v, are given by systems with the pier. The scheme of this termmal
presented ifrigure 1

o, =M po1p (5)
EHIMI S,

s, \ “—“ﬂv
where M, , b=12,...v, are given by (4), while the ’\\%‘&.ﬂ‘“
&=

B
steady probabilitiesz, of the vector[r],, satisfy

2
iiip
Sl|=aa

Ixv

A

the system of equations PIRS [TERMINAL DEBOGORZE |
[77,] =[] p,]

. 6)(
é”l =1 Figure 1.The scheme of the port oil piping

transportation system.

Other practically interesting characteristics ot th _ _ _
system operation process possible to obtain are it§he unloading of tankers is performed at the pier

total soiourn timesd in the particular operation placed in the Port of Gdynia. The pier is connected
) b P P with terminal part A through the transportation

statesz, ,b=12,....v, in the fixed operation timé.  gypsystens, built of two piping lines composed of
It is well known [4] that the system operation gss  steel pipe segments with diameter of 600 mm. In the

total sojourn timesé, in the particular operation PartA there is a supporting station fortifying tankers
states z, , for sufficiently large operation time pumps and making possible further transport of oil

i L . by the subsystens, to the terminal parB. The
have approximately normal distribution with the subsystens, is built of two piping lines composed of
expected value given by

steel pipe segments of the diameter 600 mm. The
terminal partB is connected with the terminal p&t

E[6,]=p,6, b=12,....v, (7) by the subsyster§;. The subsysters; is built of one
piping line composed of steel pipe segments of the
where p, are given by (5). diameter 500 mm and two piping lines composed of

steel pipe segments of diameter 350 mm. The
terminal partC is designated for the loading the ralil
cisterns with oil products and for the wagon segdin
to the railway station of the Port of Gdynia and
further to the interior of the country.

Training material is given in [1]. The oil pipeline system consists three subsystgms

S,, S;:
- the subsystemS composed of two identical

pipelines, each composed of 178 pipe segments of
length 12m and two valves,

4. Procedure of applying the computer
program for prediction of the system
operation process

5. Prediction of the operation processes of
real complex technical systems — using
procedures
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- the subsyster8, composed of two identical

pipelines, each composed of 717 pipe segments of

length 12m and two valves,

- the subsyster8, composed of three different

pipelines, each composed of 360 pipe segments
either 10 m or 7,5 m length and two valves.

5.1.2. Defining the parameters of the port oil
piping transportation system operation
process

Taking into account the expert opinion on the
operation process of the considered port oil pigeli
transportation system we fix:

- the number of the pipeline system operation gece
statesv =7

and we distinguish the following as its seven
operation states:

an operation state — transport of one kind

of medium from the terminal part B to part C
using two out of three pipelines in
subsystens;,

an operation state, — transport of one kind

of medium from the terminal part C (from
carriages) to part B using one out of three
pipelines in subsystef,

an operation state, — transport of one kind

of medium from the terminal part B through
part A to pier using one out of two pipelines
in subsysten$, and one out of two pipelines
in subsysten$,

an operation state, — transport of two

kinds of medium from the pier through parts
A and B to part C using one out of two
pipelines in subsyste®, one out of two
pipelines in subsyste® and two out of
three pipelines in subsystesy)

an operation state, — transport of one kind

of medium from the pier through part A to B

using one out of two pipelines in subsystem

S, and one out of two pipelines in subsystem
S,

an operation state, — transport of one kind

of medium from the terminal part B to C
using two out of three pipelines in
subsystens;, and simultaneously transport
one kind of medium from the pier through
part A to B using one out of two pipelines in
partsS; and one out of two pipelines in
subsystens,,

an operation state, — transport of one kind

of medium from the terminal part B to C
using one out of three pipelines in past
and simultaneously transport second kind of
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medium from the terminal part C to B using
one out of three pipelines in p&t

Moreover, we fix that there are possible the
transitions between all system operation stategs,Th

c;g'ne unknown parameters of the system operation

rocess semi-markov model are:

- the initial probabilities p, (0), b=12,...,7,
b#1, of the pipeline system operation
process transients in the particular statgs
at the moment = 0,

- the transition probabilitiegp, , b,I =12,...,7,
of the pipeline system operation process
from the operation statg, into the operation
statez ,

- the distributions of the conditional sojourn
times 6,, bl=12..7,b%l, in the
particular operation states and/or their mean
valuesM, =E[g, ] b1 =12,....7, bZ1.

5.1.3. Defining the input parameters of the
port oil piping transportation system

operation process

The input necessary parameters of the port oihgipi

transportation system operation process are as
follows [2], [7]:

- the oil piping system operation time &=1
year = 365 days,

- the number of the piping system operation stetes
V=7,

- the initial probabilitiesp, (0) b=12,...,7, of the
piping system operation process transients in the
particular stateg, at the moment= 0, are

[p(0)],,, = [034,005,0,0,023,019,019],
- the transition probabilitiep, , b,I =12,...,7, of the

piping transportation system operation process from
the operation state, into the operation state are
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(p,]. = +0.311111296 [ 161052,
[0 0022 0022 0 0534 0111 0311
2 o o o o o o8| M=EHEL=PMPM,
t~ o 0o 0 0 0 0 = 02(9960+ 0.8[810 C 264Q
o o o o0 0 0 1
0488 0023 0 0023 0 0233 0233 M,=E6]=pM, =1[575=575
0095 0 0O O 0667 0 0238
0516 0064 0 0 0226 0194 o | M.=E6]=pM, =1380=380

- the mean values of the conditional sojourn tirhe o M, =E[6]= puMy; + P ;M
the system operation process in the particular

operation states + Ps,Mg, + PssM e + P, Mg,
M, =192Q0 M, =480 M, =19994, =0.488[874.7 + 0.023[480
M, =125Q M _ =11296, M, =996Q +0.023[300+ 0.233[436.3
M, =810 M, =575 M, =380Q +0.233[10425 [ 78935,

I\/I51 =874.7, I\/l52 = 48Q M54 :3OQ MS = E[HS] = p61M 61 + pSSM 65 + p67M67

=VU + (. .
M, =4363 M, =10425, M, =325 0.095[325+ 0.6671510.7

+0.238[438 [ 47576,
M, =5107, M, =438 M, =874],

|\/|7 = E[97] = p71M 71 + p7ZM72 + p75M75 + p76M76
M, =510 M, =25857, M, =2380Q

=0.516[8741+ 0.064[510
As there are no realizations of conditional sojourn

timeség,,d,, 6,, 6., 6,, 6,,06,, 86, 06,86, +0.226[25857 + 0.194[2380C 152976.

e, 6, 6., 86,86, 86,86, .86,.:8,.86, and _ . _ _
6, itis impossible to estimate their conditional mea '[Shlg(;irl;‘;om the system of equations (6) given here i
valuesM, , M, M,, M,, M, M, M,

M35’ M35' M37' M“’ M42' M43' M45’ M“G’ [7-[1’7-[2’”3’”41”5’”61”7]

Mo M My Mg, Moy M. =[7T1'7T2'7T3’7T4'7T5’7T6’7T7][pbl]7x7

. . +7T, + 7T, + 7T, + T + TT. + 7T, =
5.1.4. Prediction of the characteristics of the T+ T+ Iy + T, + 7T + 71, + 7T =

port oil piping transportation system
operation process we get

Hence, by (4), the unconditional mean sojourns$ime , =0288 n, =0.028 71, =0.006 71, = 0.007,
in the particular operation states are:

n, =0302 71, =0.146 7, = 0223
|vll = E[gl] = plZMIZ + p13M13

then the limit valuesp, of the transient probabilities
p,(t) at the operational states, according to (5),

=0.022(1920+ 0.022[ 480 are

+ p15M15 + p16M16 + p17M17

+0.534(19994 + 0.111[1250 p, =0.389 p, =0062 p, =0003 p, =000z
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p, = 020, p, =0.058 p, =0.286:

Hence, the expected values of the total sojouragim
éb, b=12,...,7, of the system operation process in
particular operation stateg, b=12,...,7, during

the fixed operation time

6 =1 year = 365 days,

after applying (7), amount:
E[6,] = 0.389 year = 142 days,
E[6,] = 0.062 year = 22.6 days,
E[6,] =0.003 year = 1.1 day,
E[6,] = 0.002 year = 0.7 day,
E[és] = 0.20 year = 73 days,
E[6,] = 0.058 year = 21.2 days,
E[6,] = 0.286 year = 104.4 days.

5.2. Prediction of the shipyard ship-rope
elevator operation process

5.2.1. The shipyard ship-rope elevator
description

Ship-rope elevators are used to dock and undock °
ships coming to shipyards for repairs. The elevator

utilized in the Naval Shipyard in Gdynia, with the
scheme presented Figure 2 is composed of a steel
platform-carriage placed in its syncline (hutchheT

platform is moved vertically with 10 rope-hoisting

SHIPYARD

WHARF

PLATFORM

q

=

e <SHIP e e e e e e SEAcc oottt

(o T T TR T TRARNRA

Figure 2.The scheme of the ship-rope transportation
system

5.2.2. Defining the parameters of the shipyard
ship-rope elevatoroperation process

Taking into account the expert opinion on the
operation process of the considered ship-rope
elevator we fix:

- the number of the ship-rope elevator operation
process stateg =5
and we distinguish the following as its five opéarat
states:
* an operation state, — loading over 0 up to
500 tones,
* an operation state, — loading over 500 up
to 1000 tones,
* an operation state, — loading over 1000 up
to 1500 tones,
an operation state, — loading over 1500 up
to 2000 tones,
* an operation state, — loading over 2000 up
to 2500 tones.

Moreover, we fix that there are possible the

winches fed by separate electric motors. Motors argyansitions between all system operation statessTh

equipped in ropes “Bridon”

During ship docking the platform, with the ship
settled in special
platform, is raised to the wharf level (upper piosi}.

During undocking, the operation is reversed. While
the ship is moving into or out of the syncline and
while stopped in the upper position the platform is

held on hooks and the loads in the ropes are liev

Since the platform-carriage and electric motors are
highly reliable in comparison to the ropes, which
work in extremely aggressive conditions, in our

further analysis we will discuss the reliability thfe
rope system only.

supporting carriages on the

, " with the diameter 47 mm o ynknown parameters of the system operation
each rope having a maximum load of 300 tonnes

process semi-markov model are:

- the initial probabilities p, (0), b=12,...5
b#1, of the ship-rope elevator operation
process transients in the particular states
at the moment= 0,
the transition probabilities  py,
b,l =12,...5 of the ship-rope elevator
operation process from the operation state
into the operation state
- the distributions of the conditional sojourn

times 4§,, bl=12..5Db#l, in the
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particular operation states and/or their meanAs there are no realizations of conditional sojourn
valuesM, =E[§, ] b1 =12,..5 bz]l. times 6, and 6, it is impossible to estimate their
conditional mean values! . and M, .
5.2.3. Defining the input parameters of the
shipyard ship-rope elevatoroperation process  5.2.4. Prediction of the characteristics of the

The input necessary parameters of the shipyard shipshiPyard ship-rope elevatoroperation process

rope elevator operation process are as follows [2]Hence, by (4), the unconditional mean sojourn times
[7]: in the particular operation states are:

- the ship-rope elevator operation timeds1 year M, = E[6,] =0.315811433+ 0.5789(12545
= 365 days,

_ _ +0.1053115250 [ 12479,
- the number of the ship-rope elevator operation
states I/ =5, M, = E[6,] = 0.3333 22533+ 0.4444(17125
- the initial probabilitiesp, (0) b= 12345, of the
ship-rope elevator operation process transientedn
particular stateg, at the moment= 0, are

+0.1667(23000+ 0.0556[24000 C 20289,

M, = E[6,] =0.3636[243.75+ 0.4546032400

[pO)],,s =[0.4211,0.36840.210500], +0.09091 29000+ 0.0909. 27000 L 28682,

- the transition probabilitiesp, ] b,| = 12345, of M, = E[6,] = 0.2857(15750+ 0.2857118000
the ship-rope elevator operation process from the
operation state, into the operation statg are +0.2857[15750+ 0.1429115000 [ 16286
[P ]os = M. = E[6.] = 05130000+ 05[45000= 37500,
0 03158 05789 01053 0 |
03333 0 04444 01667 0,0556 Since from the system of equations (6) given here i
03636 04546 0 00909 00909, the form
0,2857 02857 02857 O 01429 [, 7, m,m, ] =7, m,, 7T, T n][p]
| 05 0 05 0 0 | {iTl+712+7T3+714+7T5=l
- the conditional mean values of the conditionalwe get
sojourn times §,, b,l1=212..5Db#l, in the
particular operation states are: n =02578 n, = 0.2489 7. = 0.2659
1 * 2 * 3 :

M, =11433 M, =12545 M,, =15250, 7 =01657 7 =00617

M, =22533 M, =17125 M, =23000 . : -
then the limit valuesp, of the transient probabilities

M, =24000, M =24375 M, =32400, p, (t) at the operational stateg, according to (5),
are
M, =29000, M =27000, M, =15750,
p, =0.1539 p, = 0.2415 p, = 0.3648

M,, =18000, M, =15750, M, =15000,
p, =0.1291 p, =0.1107

M,, =30000, M_, =0, M_, =45000.
Hence, the expected values of the total sojouregim

6, b=12,...5 of the system operation process in
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particular operation stateg , b=12,...5 during Additionally large vessels are transferred to the
the fixed operation time repair post R1/B1. The scheme of the plan of repair
post placing is given iffigure 3

8 =1 year = 365 days,

after applying (7), amount: D ||| BROACHING MACHINE NG 2
B g /BROACHING MACHINE NO 2
E[61] = 01539 year = 562 dayS, / '//_,-—"'— Ml s/BROACHING MACHINE NO 1
E[6,] = 0.2415 year = 88.1 days, TRAVERSER Rl B1
~ R6 R2
E[6,] = 0.3648 year = 133.2 days, - —
E[é,] = 0.1291 year = 47.1 days, R8 R4
N R9 R5
E[6,] = 0.1107 year = 40.4 days.
5.3. Prediction of the shipyard ground ship- Figure 3.The scheme of the plan of repair post
rope transporter operation process placing

The ground ship-rope transporter reliability depend
strongly on the tonnage of transferred ships aerd th
place where the ship should be transferred. The
The ground ship-rope transporter in the Navalbroaching machines in the transportation system are
Shipyard in Gdynia is composed of three broachingnumbered 1, 2, 3. There is used one or there & us
machines working independently equipped in thetwo or possibly three broaching machines depending
steel ropes “Drumet” with the diameter 30 mm. This on weight and length of the ship and on which repai
system is used to transfer ships coming to thepost the ship should be transferred. All three
shipyard for repairs from platform to the repailspo broaching machines are working in the extreme
and back from repair post to the platform. The loadsituation when large vessel over 1800 tones is
of steel ropes in the broaching machines is medsuretransferred.

as a power consumption of amperage. The maximum

of power consumption of broaching machines is 1005.3.2. Defining the parameters of the shipyard
Ampere.. _ _ _ _ . ground ship-rope transporter operation

First during ship docking the ship settled in spkci process

supporting carriages on the platform is raisedht® t

wharf level and then the ship is transferred frovm t Taking into account the expert opinion on the
platform with the rope broaching machine on aoperation process of the considered ground ship-rop
traverse. Next the ship with the traverse, on whichtransporter we fix:

the ship is settled, is shifted in the repair post

direction. Then after stretching the ropes from the- the number of the ground ship-rope transporter
ship to the broaching machine through some blocsoperation process states= 7

the ship is transferred from the traverse to tipmire ~and we distinguish the following as its seven

post. After some repair measures, the ship isoperation states:

transferred back to the traverse and then on the <« an operation statezz — the ship with a

5.3.1. The shipyard ground ship-rope
transporter description

platform. Finally, during undocking the ship on the tonnage up to 1300 tones is transferred from
platform is moved down to the water. There are nine the platform to the traverse, from the traverse
repair posts, denoted by symbols R1-R9. The first to the repair posts R1-R5 and from the repair
repair post R1 can be lengthening to the post R1/B1 posts R6-R9 to the traverse (the broaching
for long ships. There are also available two repair machine number 1 is useg)),

depots denoted by symbols B and D. Generally all . an operation statez, — the ship with a
kind of repairs can be carried out in any repastpo

The repair posts R1 and R2 are equipped in crane.
The submarines are repaired in the depot.

tonnage up to 1300 tones is transferred from
the traverse to the repair posts R6-R9, from

504



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

the repair posts R1-R5 to the traverse and - the transition probabilites  p,,
from the traverse to the platform (the bl =12..7, of the ground ship-rope
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 is

transporter operation process from the
operation state, into the operation state

the distributions of the conditional sojourn

e . . . [ = # [
difficult (the broaching machine number 2 is t|m§s %, bl . 12...1 b#l, in .the
used 6)), particular operation states and/or their mean

« an operation statez, — the ship with a valuesM,, =E[g, ] bl =12...7. b#1.

tonnage over 1300 up to 1800 tones (or the . _

ship with a tonnage up to 1300 tones after2-3-3. Defining the input parameters of the
long period of renovation or after taking Shipyard ground ship-rope transporter
some special kind of measures) is transferreddperation process

from the platform to the traverse, from the g jnoyt necessary parameters of the ground ship-

traverse to the repair posts R1-RS or from e yransporter operation process are as foll@iys |
the repair posts R6-R9 to the traverse (the[7]:

broaching machines 1 and 3 are us&d (

), ) . ) - the ground ship-rope transporter operation tise i
e an operation statez, — the ship with a 6 =1 year = 365 days

tonnage over 1300 up to 1800 tones (or the

ship with a tonnage up to 1300 tones after- the number of the ground ship-rope transporter
long period of renovation or after taking operation states ig = 7,

some special kind of measures) is transferred

from the platform to the traverse, from the _ the initial probabilitiesp, (0) b=12,...7, of the

traverse to the repair posts R1-R5 or from _, . : . :
. ship-rope elevator operation process transientsen
the repair posts R6-R9 to the traverse and the p-Top P P

access to the broaching machine number 3 isparncular stateg, at the moment = 0, are
difficult (the broaching machines 1 and 2 are
used &, S)), [p(0)],,, =[0.6315,0.10530.1579,00,0,0.1053,

* an operation statez, — the ship with a
tonnage over 1300 up to 1800 tones (or the™ the transition probabilitiep, , b,I =12,...,7, of the
ship with a tonnage up to 1300 tones aftership-rope elevator operation process from the
long period of renovation or after taking operation state, into the operation statg are
some special kind of measures) is transferred
from the traverse to the repair posts F26-R9,[pm]7x7 =
from the repair posts R1-R5 to the traverse -

or from the traverse to the platform (the 0 07500 01667 00278 O 00555 0
broaching machines 2 and 3 are us&g ( 0.6190 0 0.1667 0 0.0238 0.1191 00714
), 0 1 0 0 0 0 0
e an operation statez, — the ship fwithda( | 05 0 0 0 0 05 0
tonnage over 1800 tones is transferred (a
broaching machines 1, 2 and 3 are usgd ( 05 0 0 0 0 05 0
S 9). 0.6667 0 0.1111 0.1111 0 0 0.1111
025 05 0 0 025 0 0 |

Moreover, we fix that there are possible the
transitions between all system operation statess,Th
the unknown parameters of the system operatio
process semi-markov model are:

- the conditional mean values of the conditional
r%ojourn times 4 bl =12...7,bzl, in the

bl ?

particular operation states are:

- the initial probabilitiesp, (0), b=12,....7,
b#1, of the ground ship-rope transporter
operation process transients in the particular
statesz, at the moment= 0,

M, =10204 M =17917, M, =145

M, =215 M, =8130, M, =41,
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M, =32 M, =50 M, =10833 (72, 72, 72, 7T, 7T, 7T, 7T,
=[]7:.|.’]T2’ﬂ3’n4’ﬂ5’n6’ﬂ7][pb|]7x7
M, =5621 M, =150 M, =70, .
”1+7T2+7T3+7T4+7T5+7T6+7T7_l
M, =240 M, =18Q M, =175
we get
M, =190 M, =190 M, =150 n,=0330Q 7, =0.3856 7, =01285
M, =245 M, =235 M, =60,

n, = 00183 77, =0.0183 77, = 0.0826

As there are no realizations of conditional sojourn
t|mest9909696999

157 177 247 341 357 367 371 427 431

6. 6, 6., 6, 6., 0, 6., 6, 6, andé,

571 621 651 731
is impossible to estimate their condltlonal mean
values M., M, M M M,, M M

M M M M M Mg, M., M
M., M, M, M, andM,. P,

7, = 00367

then the limit valuesp, of the transient probabilities
p,(t) at the operational stateg, according to (5),
are given by

177 247 341 367 377

429 431 451 470 521 571

=0.3928 p, =0.2695 p, =0.0703

627 657 737

5.3.4. Prediction of the characteristics of the
shipyard ground ship-rope transporter
operation process

p, =00196 p, =00374 p, = 01412

p, = 0.0692

Hence, by (4), the unconditional mean sojourn times
in the particular operation states are: Hence, the expected values of the total sojouredim

éb, b=12,...,7, of the system operation process in
particular operation stateg,, b=12,..,7, during
the fixed operation time

M, = E[6] = 075[10185+ 0.1667117917

+0.0278145+ 0.0555[215L.12222,

6 =1 year = 365 days,
M, = E[6,] =0.619008154+ 0.1667(41

after applying (7), amount:
+0.0238/32+0.11912150+ 0.0714(10833

C 7176,

M, = E[6,] =1156,21=5621,

M, = E[6,] = 05[150+ 05[70=110

M, = E[6,] = 051240+ 05[180= 210,

M, = E[6,] = 0.6667[175+ 0.1111[190,
+0.1111150C 17556,

M, = E[6,] = 025[245+ 05235+ 02560

=19375.

E[6,] = 0.3928 year = 143.4 days,
E[6,] = 0.2695 year = 98.4 days,
E[6,] = 0.0703 year = 25.7 days,
E[6,] = 0.0196 year = 7.2 days,

E[6,] = 0.0374 year = 13.7 days,
E[6,] = 0.1412 year = 51.5 days,
E[6,] = 0.0692 year = 25.3 days.

5.4.Prediction of the Stena Baltica ferry

Since from the system of equations (6) given here i OPeration process
the form

506



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

5.4.1. The Stena Baltica ferry description e an operation statez, —navigation at restricted

The m/v Stena Baltica is a passenger Ro-Ro ship Waters from “Angoring” buoy to “Verko” Berth at
operating in Baltic Sea between Gdynia and Karlskrona, _ _
Karlskrona ports on regular everyday line. * an operation statez, —-mooring operations at
Karlskrona Port,

We assume that the ship is composed of a number of . .
an operation statez, —unloading at Karlskrona

main subsystems having an essential influenceson it
safety. These subsystems are illustrateigure 4 Port, _
On the scheme of the ship presentedFigure 4, ¢ an operation state, —loading at Karlskrona Port,

there are distinguished her following subsystems:  « an operation state, —unmooring operations at

S, - a navigational subsystem, Karlskrona Port,
S, - a propulsion and controlling subsystem, » an operation state, —ship turning at Karlskrona
S, - aloading and unloading subsystem, Port,
S, - a hull subsystem, e an operation state,, —leaving Karlskrona Port
S, - an anchoring and mooring subsystem and navigation at restricted waters to “Angoring”
5 )
. buoy,

S, - a protection and rescue subsystem, y . L

_ * an operation state , —navigation at open waters
S, - a social subsystem.

from “Angoring” buoy to the entering Traffic
Separation Scheme,

* an operation statez, —navigation at restricted
o i . . .
(=) I waters from the entering Traffic Separation

3 .79 Scheme to “GD” buoy,
i i 1 / * an operation statez, —navigation from “GD”
r'/ S ) /5_;\; '/9_:\) / .
o N 2 ( buoy to turning area,
i [; (&) (‘;>\] * an operation statez, —ship turning at Gdynia
: = Port,
Figure 4.Subsystems having an essential influence * @n operation statez, —mooring operations at
on ship safety Gdynia Port,

* an operation state, —unloading at Gdynia Port.
5.4.2. Defining the parameters of the Stena
Baltica ferry operation process Moreover, we fix that there are possible only the
Taking into account the expert opinion on thetransnmns between the neighboring system operatio

operation process of the considered Stena Balticg!at€S: 1-€., from the operation states to the
ferry we fix: operation statesz,,,, b=12..17, and from the

operation state, to the operation statg, .

- the number of the ship operation process statesrys  the unknown parameters of the system

V=18 L . ) ) operation process semi-markov model are:
and we distinguish the following as its eighteen

operation states:
* an operation state —loading at Gdynia Port,

* an operation statez, —unmooring operations at

- the initial probabilitiesp, (0), b=12,...18,
b#1, of the Stena Baltica ferry operation
process transients in the particular states

Gdynia Port, _ _ at the moment = 0,
* an operation state, —leaving Gdynia Port and
navigation to “GD” buoy, - the probabilities of transitions p,,.,,
* an operation state —navigation at restricted b=12,..17, and p,. of the Stena Baltica
L 1 181

waters from “GD” buoy to the end of Traffic
Separation Scheme,
* an operation state, —navigation at open waters

from the end of Traffic Separation Scheme to
“Angoring” buoy,

ferry operation process from the operation
state z, into the operation statez,

b=12..17, and from the operation state
z,, into the operation statg
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- the distributions of the conditional sojourn 5.4.4. Prediction of the characteristics of the
times §,,,,, b=12,..17, and §,, in the Stena Baltica ferry operation process

particular operation states and/or their meanygnce by (4), the unconditional mean sojourn times
values M, =E[f, ] b=12..17, and jjthe particular operation states are:
Mbl = E[elfil] .
M, =E[6] = p,M, =1(5433=5433
5.4.3. Defining the input parameters of the
Stena Baltica ferry operation process M, =E[d,] = p,M, =11257= 257,

The input necessary parameters of the Stena Baltica

ferry operation process are as follows [6], [7]: M, =E[6,]= p,M,, =113657=3657,

- the Stena Baltica ferrgperation time is@= 42 M, =E[6,]= pM, =1[525=525,
days,

M, = E[6,]= p,M,, =1152595=52595,
- the number of the Stena Baltica feroperation

states isy =18, M, =E[6]= p,M,, =1[3716=3716,

- the initial probabilitiesp, (0) b=12,...18, of the
Stena Baltica ferrpperation process transients in the
particular stateg, at the moment = 0, are M =E[6]= p.M

M, = E[6,]= p,M, =1[702= 702,
L =112143=2143

[P0)]10s = [LG, ..., 0], M, =E[6,]= p, M., =1[5369=5369,

- the transition probabilitiesp,, b,l =12,...18, of
the Stena Baltica ferrpperation process from the
operation state, into the operation state are

M,, = E[6,]= p,,M,,, =10 293= 293

1011

Mll = E[gll] = p1112M 1112 :1[ 4'38: 4'38’
1010..00] M, = E[6,] = p,.M,,, =112386=2386,
001..00
[pbl ]1818 = [pbl] = ! M13 = E[913] = pl314M 1314 = 1[50969 = 50969’
000..01
100..00 '\/I14 = E[QM] = p1415M 115 — 1(5014= 5014,
- the mean values of the conditional sojourn times M, =E[6,]= p. M, =1[3428=3428
6,., b=12..17, and 6,, in the particular
operation states are: M, =E[8,]= p,M,, =10452= 452,
M12 =5433 M 23 — 257, M34 =3657, Iv|17 = E[917] = pl718M 118 = 10562= 562,
M, =525, M, =52595 M, =37.16, M, =E[6,]=p,M, =1[1874=1874
M., = 702, M,, =2143 M,,, =5369, Since from the system of equations (6) given here i
the form
M1011 - 293’ M1112 - 438’ M1213 - 23'86’ [ml]lxlS :[nbl]lx18 [ﬂ pbl ]18)(18
M., =50969 M ,,.=5014, M, =5433 27, =1,
M., = 452 M., =562 M, =5433 we get
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n, =0056 b=12,...18,

then the limit values of the transient probabititiat

the operational states, according to (5), are

p, =0.037, p, =0.002 p, =0.025
p, =0.036 p, =0.364 p, = 0.025
p, =0.005 p, =0.014, p, =0.037,
p, =0.002 p, =0.003 p, =0017,
p,, =0.354 p, =0.035 p, =0.024

p, =0.003 p_ =0004 p,=0013

Hence, the expected values of the total sojouragim
6, b=12,..18 of the system operation process in
particular operation states , b=12,...18 during

the fixed operation time
6 =1 year = 365 days,

after applying (7), amount:
E[6,] = 0.036 year = 13.1 days,
E[6,] = 0.002 year = 0.7 day,
E[Q] =0.025 year = 9.1 days,
E[6,] = 0.037 year = 13.5 days,
E[6,] = 0.366 year = 133.6 days,
E[ée] = 0.026 year = 9.5 days,
E[@] = 0.005 year = 1.8 days,
E[és] = 0.013 year = 4.7 days,
E[6,] = 0.032 year = 11.7 days,
E[6,] = 0.002 year = 0.7 day,

E[én] =0.003 year = 1.1 days,

[
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E[6,] = 0.0117 year = 4.3 days,
E[6,] = 0.357 year = 130.3 days,
E[6,] = 0.036 year = 13.1days,
E[éls] = 0.023 year = 8.4 days,
E[ém] = 0.003 year = 1.1 days,
E[éﬂ] = 0.004 year = 1.5 days,
E[éw] =0.013 year = 4.7 days.

6. Prediction of the operation processes of
real complex technical systems — using
computer program

The computer program is based on on methods and
algorithms for prediction of the characteristicstiod
complex technical systems operation processes given
in [4]. The program allows to determine the mean
values of the unconditional sojourn times of the
system operation process at the operation stdtes, t
limit values of the transient probabilities of the
system operation process at the particular operatio
states and the system operation process total reojou
times at the particular operation states for thedi
sufficiently large system operation time. The
computer program may be used for predicting the
characteristics of the operation processes of real
technical systems, particularly, the operation
processes of port, shipyard and maritime
transportation systems [2]-[3], [5]-[6]. It may albe
used to construct the integrated safety and réitigbi
decision support systems for various maritime and
coastal transport sectors. This program togethtr wi
the description may also be included into these
training courses addressed to industry.
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