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Abstract

In the paper the environment and infrastructurkiérfce of the ground ship-rope transporter opegatirNaval
Shipyard in Gdynia on its operation processes iissicered. The results are presented on the basigeeral
model of technical systems operation processetetketa their environment and infrastructure. Thams$porter
operation process is described and its statigtiestification is given. Next, the reliability, Ksand availability
evaluation of the transporter in variable operatcmmditions is presented. In addition, the religpiand
availability basic characteristics of the systerauasing its components’ failure dependence are ohirted.
Finally, the obtained results for the ground shiper transporter under the assumption that its caemis are

dependent and independent are compared.

1. Description of the ground ship-rope
transporter in Naval Shipyard in Gdynia

The ground ship-rope transporter in the Naval

First during ship docking the ship settled in spkci
supporting carriages on the platform is raisedhto t
wharf level and then the ship is transferred friwe t
platform with the rope broaching machine on a

Shipyard in Gdynia is used to transfer ships coming5yerse. Next the ship with the traverse, on which

to the shipyard for repairs from the platform te th

the ship is settled, is shifted in the repair post

:)?gt?g”ﬁos'[ and back from the repair post to thegjrection. Then after stretching the ropes from the

Figure 1 The ship at the repair post R4
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ship to the broaching machine through some blocs,
the ship is transferred from the traverser to tpair
post. After some repair measures, the ship is
transferred back to the traverser and then on the
platform. Finally, during undocking the ship on the
platform is moved down to the water.

There are nine repair posts, denoted by symbols R1-
R9. The first repair post R1 can be lengtheninthéo
post R1/B1 for long ships. There are also available
two repair depots denoted by symbols B and D.
Generally all kind of repairs can be carried ouaity
repair post. The repair posts R1 and R2 are eqdippe
in crane. The submarines are repaired in the depot.
Additionally large vessels are transferred to the
repair post R1/B1. The scheme of the plan of repair
post placing is given ifigure 2
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/BROACHING MACHINE NO 1

#LFR = TRAVERSER R1 B1 -
R6 R2
R7 R3
R8 R4 B
R9 R5

Figure 2.The scheme of the plan repair post placing

The ground ship-rope transporter in the Naval
Shipyard in Gdynia is composed of three broaching
machines working independently equipped in the
steel ropes “Drumet” with the diameter 30 mm. The
load of steel ropes in the broaching machines is
measured as a power consumption of amperage. The
maximum of power consumption of broaching
machines is 100 Ampere.

The ground ship-rope transporter reliability degend
strongly on the tonnage of transferred ships aed th
place where the ship should be transferred. The
broaching machines in the transportation system are
numbered 1, 2, 3. There is used one or there & us
two or possibly three broaching machines depending
on weight and length of the ship and on which nepai
post the ship should be transferred. All three
broaching machines are working in the extreme

an operation state, — the ship with a tonnage up
to 1300 tonnes is transferred from the traverser to
the repair posts R6-R9, from the repair posts R1-
R5 to the traverser and from the traverser to the
platform (the broaching machine no. 3 is used),

an operation state, — the ship with a tonnage up
to 1300 tonnes is transferred from the repair posts
R1-R5 to the traverser and the access to the
broaching machine number 3 is difficult (the
broaching machine no. 2 is used),

an operation state; — the ship with a tonnage
over 1300 up to 1800 tonnes is transferred from
the platform to the traverser, from the traverser t
the repair posts R1-R5 or from the repair posts
R6-R9 to the traverser (the broaching machines 1
and 3 are used),

an operation state, — the ship with a tonnage
over 1300 up to 1800 tonnes is transferred from
the platform to the traverser, from the traverser t
the repair posts R1-R5 or from the repair posts
R6-R9 to the traverser and the access to the
broaching machine number 3 is difficult (the
broaching machines 1 and 2 are used),

an operation state, — the ship with a tonnage
over 1300 up to 1800 tonnes is transferred from
the traverser to the repair posts R6-R9, from the
repair posts R1-R5 to the traverser or from the
traverser to the platform (the broaching machines
2 and 3 are used),

an operation state, — the ship with a tonnage
over 1800 tonnes is transferred (all broaching
machines 1, 2 and 3 are used).

On the basis of the statistical data coming from
experts using the ground ship-rope transporter in

Shipyard in Gdynia [6] the transition

situation when large vessel over 1800 tonnes idNaval : .
transferred. probabilities p,, from the operation statg, into the

operation state z , b, =1..8 b#l, were
evaluated. Their approximate evaluations are given

2. Operation process and its statistical . .
in the matrix below.

identification

We analyze the ground ship-rope transporter in [p,]=
Naval Shipyard in Gdynia taking into account the
system operation process and its varying in time

reliability structures. Considering the weight asize 0 03529 03529 0 00441 0 01618 00883
of the vessel i.e. the system’s loading and theepla |1 0 0 0 0 0 0 0
where the ship is transferred, that has influence o |{ ¢ O 0O O 0
the decision which broaching machines are used we
can distinguish following eight operation states: 0 0 0 0 0 0 0 0
- an operation statez, — the system is without |1 O c o0 o 0 O 0
loading, the time of waiting for the ship, 0 0 0 0 0 0 0 0
— an operation sta_te2 — the ship with a tonnage up 1 0 0 0 0 0 0 0
to 1300 tonnes is transferred from the platform to
the traverser, from the traverser to the repaitos 11 0 0 0 0 0 0 0 ]

R1-R5 and from the repair posts R6-R9 to the
traverser (the broaching machine no. 1 is used),
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On the basis of statistical data coming fromassuming that the ground ship-rope transporten is i
experiment [6] it is possible to evaluate the reliability state subs€f,23}, {2,3},{3}, when all
approximately the conditional mean valuesits subsystems are in this subset of reliabiligtest,
M, =E[6,], bl=1..8 bz#l, of the lifetimes in  we conclude that the ground ship-rope transposter i

the particular operation states. a series system of subsysterBs, S,, S,. In our
further analysis considering broaching machines we
M,, = 361333 M, = 262021, M,, =0, will discuss the reliability of the rope systemyrgo

we say that the broaching machine is in the rditgbi
state subset{1,23},{23},{3}, if the rope in this
broaching machine is in this state subset.

We assume that the reliability function of the
subsystemS | = 123, is given by the vector

M5 =340500, M, =0, M, = 200136,
M, = 922917,

M,, =6525 M5 =6561 M, =0, Mg, =7300, R tD=[R t0,R t1,R ¢.2,R ¢3)]
t 0< 0, ),
Mg, =0, M, =9272, Mg, =12000.
with the co-ordinates
Hence, by [5], [11], [13], the unconditional mean
sojourn times in the particular operation states ar R (t,u) =P(S (t)=u|S (0) =3) = P(T, (u) >t)
determined from the formula
. for t0<0,0), u= 0123 i=123 andR; (t,0) = 1.
M, =E[6,]=Y pyMy, b=1..8 Ti(u), i = 1,2,3 are independent random variables
1= representing the lifetimes of subsyste@sin the
reliability state subseiu,u +1,...3}, while they were
at the reliability state 3 at the moment 0 and S(t)
are the subsysten$ reliability states at the moment
t, t 0< 0,0).
Then as the system is composed of three broaching
machines — subsysten§§, S,, S; linked in series,
according to results given in [4], the reliabildythe

The limit valugs of the transient pro_babilitier_g ® ground ship-rope transporter is defined by thearect
at the operational stateg,, according to results

given in [5], [8], [11] are equal to:

and takes values:
M, £349492, M, 6525 M, 6561 M, =0,

M C7300, M4 =0, M, (09272, M, 012000

R(t,D=[LR(tD .R({,22), R3], tO<0),

p, =0.979Q p, = 0.0064 p, =0.0065 p, =0, where

=0.0009 pg; =0, p, =0.0042 py =0.0030 (1
Ps Pe =5 Pr Po @) R(t,U)= 1R (t,u), t0<0w), u=123 )
3. Reliability of the ground ship-rope =
transporter Each broaching machin&,, S,, S; is equipped
with one rope that is composed of 6 identical stsan
Each strand consists of 36 wires with a webbing
core. We consider the wires as basic components of
the system. The rope is in the reliability statbssi
{123}, {23}, {3}, if all 6 strand are in this subset, so
it is a series system. After some consultation$ wit
experts we assume that the strand does not sttesfy
technical conditions after breaking 6 of its 36esir
With this assumption we conclude that the ropais i
greater than or equal to 25% and less than 50%, € reliability state subsgt,23}, {23},{3}, when all

six strands of the rope are in this state subsdt an

— areliability state 0 — otherwise (a wire is fajled o L
The system consists of three broaching machines £a¢N 0f the strand is in the reliability state bs

subsystemsS,, S,, S, linked in series. Further {123}, {23},{3}, if at least 30 out of its 36 wires are

According to rope reliability data given in their

technical certificates and experts’ opinions based

the nature of wire failures the following reliabjli

states have been distinguished:

— 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
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in this state subset. Thus, we obtain that the i®p@e — o _[5® o
regular 4-states “30 out of 36"-series system [R(tD)] ‘[[R&%(tl)] J
composed ok, = 6 series-linked strands with= 36

parallel-linked components (wires). As each 6 (46 i
broaching machine has only one rope we can say that =[i§o(i J- exp[-0.0097]
the broaching machines i.e. subsyste®s S,, S;,

are also regular 4-state “30 out of 36”-serieseayst e 18
Moreover we assume that the ground ship-rope expl-(36-1)0.0094] ", ()
transporter subsystemS i,= 123 are composed

of identical 4-state components (wires), having the [ﬁ(t,Z)] ) =|:[§(€26 t2)] (l)T
multi-state reliability functions A

R® t, D=L R® tD), R® t.2), R® t.3)], - [z(ei,e)[l_ exp[—0.014ﬁ]]i
i=0
with exponential co-ordinateR® 1), R® (t,2)
and R® (t,3) different in various operation states
z,b=12,..8
As all three subsystem§ i,= 123 are identical [R(t3)] ) {[ﬁ(& t3)] (1)}3
“30 out of 36”-series systems in our further analys

exp[-(36-1)0.014 %], (5)

o . —
we denote their reliability functions bi?(e;)se (t,00.

6 .
At the system operational statg the system is =[i§(3i6)[1‘e>(p[‘0-0278]]
composed of subsystens,S, and S; linked in
series. Thus, according to (2), the system religbil expl-(36-i)0.0278]]", (6)

function is a vector:

_ _ — — fort=0.
RLD=LREYH R, REI], t0<0) >
The expected values and standard deviations of the
ground ship-rope transporter conditional lifetinies
5 the reliability state subsets calculated from theva
_ _(6) . . ..
R(t,u) = :[Re,se (t,u)} ,10< 0,00), u=123. (3) result given by (4)-(6), according to results givan

’ [5], [9] at the operation state, are respectively
given in years by:

where

At the system operational statg components of
subsystemsS;, S, and S; (wires in the ropes) have 4 (1) £9.4539,u, (2)C6.3866,4, (C3.3772, (7)
identical following conditional reliability functios

co-ordinates: 0,(1) C2.0576,0, (2)C1.5939,0, (3 0.8422,(8)

® ¢ 1) = exnl—
R™ (t.1) = exp[-0.009%], and further, using (7), from [9] it follows thateth
conditional lifetimes in the particular reliabilistates

RY (t,2) = exp[-0.014%], at the operation statg, in years are:
R® (t.3) = exp[-0.0278] for t = 0. 7, (1) C3.0673, 7, (2) C3.0094,7,(3) [ 3.3772.

Thus, considering (3) and from [5], the conditional At_the operational state, the ship is transferred

multi-state reliability function of the ground ship USing the broaching machine number 1, so the
rope transporter at the operational stafeis given ~ SYSteM is composed of subsyst&n The scheme of
by: the ground ship-rope transporter at the operational

statez, is showed irFigure 3
[RALOI® =[LREDIV, [RE2IV.[REIN],

where
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[R(3)]? =[R%%s (t3)]?
D
B 5 (36 i
o =13 (* )L - exp[-0.0388]]
1 ROPE i=0
Q & o i
= — exp[-(36-1)0.0394]]°, (11)
fort= 0.
R6 R2
R7 R3 The expected values and standard deviations of the
ground ship-rope transporter conditional lifetinies
R8 R4 the reliability state subsets calculated from theva
result given by (9)-(11), and from [9] at the opiEna
R9 3 statez, given in years are:

, : D C7.7309u, (2)L5.2210,
Figure 3 The scheme of the ground ship-rope Ho ) # (2)
transporter at the operational state z M, (3) [3.1622, (12)

We assume that at the operational statewires in 0,1 £C2.10620, (2)L1.4722,
the ropes have following exponential conditional 4 (3)0.8912, (13)
reliability functions co-ordinates:

and further, using (12), from [9] it follows thdtet
conditional lifetimes in the particular reliabilistates
at the operation state, in years are:

R® () =exp[-0.0158],

R® (t,2) = exp[-0.0233],
M, C£2.5099,1,(2) C2.0588,4,(3) C3.1622
R® (t,3) = exp[-0.0388], t= 0.
At the system operational state, the system is

. composed of subsyster§,. The ship is transferred
As the system is composed only of subsyst&nthe : : :
conditional multi-state reliability function of the using the broaching machine number 3 and the

ground ship-rope transporter at the operationdé sta scheme is showed Figure 4
z, is given by:

[R(t N =L [RED]®, [RE.2)]P.[R(t3)]?],

where

=) 5 © R1 B1

[R(t1]® =[Rezs (t1)]?
R6 R2

= [i (3,6 )[1— exp[-0.0158]]' R7 Es

i=0

RS SHIP R4

exp[-(36-i)0.0158]]°, (9) o s

R(,2)]? =[R 5 (t,2)] @
[RE2)] [Ross (t2)] Figure 4. The scheme of the ground ship-rope

_ transporter at the operational st
(** )1 - exp[-0.023a]) ze

Mo

=[

0

At the operational statez, the ship is transferred
exp[-(36-1)0.0238]]°, (10) using the broaching machine number 2, so the
system is composed of subsyst&n
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D D
B B
S S

A3 Q—
R6 R2 R6 R2
R7 R3 R7 R3
R8 SHIP R8 SHIP R4 o
R9 R5 R9 R5

Figure 5. The scheme of the ground ship-rope Figureé 6. The scheme of the ground ship-rope
transporter at the operational state transporter at the operational state

At the operation statesz, and z, the system Thus, considering (14) and from [3], the conditiona
Simi|ar|y as at the operation Stan% is Composed of multi-state rellablllty function of the ground Shlp
one rope. As all ropes are composed of identicalope transporter at the operational stateis given
wires the conditional reliability function of the by:

ground ship-rope transporter at the operation state

z, and z, are the same as at the operation stagte [R(t,01® =[L[REtD]®,[R(t,2)]®,[R(3)]®],

At the system operational state, the system is

composed of subsysten® and S; linked in series.  \yhere

At the operational state; the ship is transferred

using the broaching machines number 1 and 3 and —©) 2

the scheme of the ground ship-rope transportéreat t  [R(t.1)]® :[[RQ% t1)] (5)}

operational statez; is showed irFigure 6 Thus the

system is a series system composed of identical two

subsystemsS j =13 and its reliability function is :[i(ﬁ"s)[l—exp[—O.Ol?Et]]i
a vector: =0
where

[R(t2)]® = [[ﬁ e .2)]® T

R(t,u) = [ﬁge(t,u)r, t0< 0,00), u=1,2,3. (14) |
=13 (* )L - exp[-0.0361]]

i=0

The subsystemsS, and S; are 4-state “30 out of

36"-series systems, in which components (wires in exp[-(36-i)0.0361]*, (16)
the ropes) have identical following conditional
reliability functions co-ordinates: B _ 2

© -[[R® (5)

[R(t3)]® = [[ R 625 (13)] }
R® (t1) = exp[-0.01731],

=1 (* )L - exp[-0.0551]]

R® (t,2) = exp[-0.0361], =
R® (t,3) = exp[-0.0551] for t = 0. exp[-(36-1)0.0551]], 17)
fort= 0.
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The expected values and standard deviations, frorbroaching machines number 2 and 3 and the scheme
results in [9], of the ground ship-rope transporterof this situation is showed IRigure 8
conditional lifetimes in the reliability state sws at

the operation state; counted in years are:
D
Us (D) £5.8962, (2)C 2.8583, .
Us(3) £1.8727, (18)
RS, 59 Q
o, (1) C1.53260, (2)C0.7421, TRAVERSER o1 o1
O (3) £0.4852. (29)
R6 R2
Hence the conditional lifetimes in the particular R7 R3
reliability states at the operation stare in years
are: Iate] SHIP R4
;1) C3.0379,7 (2) C0.9856,7 (3) [ 1.8727. 3 RS

At the operation statesz, and z, the system . .
similarly al?s at the operatioen stare i; compoged of Figure 8. The schemel of the ground ship-rope
two ropes, thus the conditional reliability functiof ~ transporter at the operational state
the ground ship-rope transporter at the operation
statesz; and z, are the same as at the operationAt the operational state, the system is composed
statez; . of subsystemsS;, S, and S, linked in series. At the

_ . operational statez; the ship is transferred using all
At the system operational statg, the system iS tnree broaching machines 1,2 and 8&ygre 9. Thus
composed of subsysten and S, linked in series.  the system is a series system composed of three
The ship is transferred using the broaching mashineigentical subsystem§ i, = 123, and its reliability
number 1 and 2 and the scheme of the ground Shiprnction, according to (3), is a vector:
rope transporter at the operational statg is

presented ifrigure 7. R(t,D=[LREtY R2), R3] tO<00),

where
D
B — —=© 13
s, R(t,u) = [Re,se(t,u) , 10<0,0), u=123. (20)
s o — -
TRAVERSER R1 B1
R6 R2 P
B
R7 R3 S
SS SZ' ‘—1
R8 R s e
SHIP =3 E = ’ :
R9 R5 J
R6 R2
_ ) R7 R3
Figure 7. The scheme of the ground ship-rope
transporter at the operational state R8 R4
. R9 R5
Whereas at the system operational state the

system is composed of subsyste8jsand S, linked

in series. Then the ship is transferred using therjgyre 9. The scheme of the ground ship-rope
transporter at the operational state
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The subsystem§,, S, and S; are 4-state “30 out of Us (@) C4.3668u, (2)C 2.3829,

36"-series systems, in which components (wires in g (3) C1.5467, (24)
the ropes) have identical following conditional
reliability functions co-ordinates: og(1) £0.84270, (2)C 0.5935,

04 (3) C0.3841. (25)

R® (t 1) = exp[-0.0215],

and further, using (24) and from [9], the conditibn
R® (t,2) = exp[-0.0394], lifetimes in the particular reliability states atet
operation statez, in years are:
R® (t,3) = exp[-0.060%] for t > 0.
(t:3) = exp ] s (1) £1.9839,7;(2) £0.8362,7,(3) [ 1.5467
Thus, considering (20) and from [5], the conditiona
multi-state reliability function of the ground ship

rope transporter at the operational stajeis given
by:

In the case when the operation time is large enough
its unconditional multi-state reliability functionf

the ground ship-rope transporter is given by the
vector

Rt m® =L IREDI® [RaE2® [R(t3)®
[RE I =[L[REDI™ [RE2]™, [RE3)]™], RLD=[LRE1).Re2). R3] t0<0®),

where where according to [5], [13], the vector co-ordasat

6 3 are given respectively by:

[REDI® =[(RE 01" | 8

R(t,u) =Y p[REW]? fort=0,u=123 (26)
i=1

(**)1.- exp[-0.0214]]',

Mo

=[

i=0

where [R(t,u)]”, i=1...8 are given by (4)-(6),
, The mean values and the standard deviations of the
=) ®—|rg® (8):| ground ship-rope transporter unconditional lifethme
[R(t.2)] [[R6'36(t’2)] in the reliability state subsets, according to §id
after considering (7)-(8), (12)-(13), (18)-(19)4}2

(sis )[1_ exp[-0.0394]]' (25) and (1), respectively are:

Mo

=[

i=0

8
exp-(36-1)00.394]], 22) HO=2 piu B 9399 (27)

i=1

[R(t3)]® :[[Fe‘é%s t3)] <8>T o) [ 20901

8
" | {2 =2 p i (2 £ 63424 (28)
=13 (* )1 - exp[-0.0607]]’ E
i=0
o(2) £16234
exp[-(36-i)0.060%]]*®, for t=0. (23)
8
The expected values and standard deviations of the #(3) =Y p, 4 (3) [ 3.3613 (29)
ground ship-rope transporter conditional lifetinies i=1

the reliability state subsets calculated from theva

result, according to results given in [9] at the ¢(3) [ 08532

operation statezg, in years, are respectively given

by: Next, the unconditional mean values of the ground
ship-rope transporter lifetimes in the particular
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reliability states, by [9] and considering (27)-\2& deviation  0,(2) =0.0002C 2hours, applying
years are: theoretical results presented in [4], we obtain the
following results:
A = u@ - p(2)=30572 _
i) the distribution function of the time&s, (2) until

H(2) =) - u3) =29811 the Nth system’s renovation, for sufficiently largée
has approximately normal distribution
7 (3) = u(3 =3.3613 N (6.3438N 1.6234»\/W), ie.,

If the critical reliability state is = 2, then according EM t,2) = P(éN ) <t) OF, ,, (t - 6-3438\‘)1
to [5], [9], the system risk function takes thenfor % 1.6234/N
t 0 (-o0,0), N =12,...,
— 8 — .
rit)=1-R,2) =1-3 p,[R(t,2)]", t=0. ) _ .
i=1 i) the expected value and the variance of the time

. Sy (2) until the Nth system’s renovation take
where R(t,2) is the unconditional reliability respectively forms
function of the ground ship-rope transporter at the

critical state. = -
Hence, the moment when the system risk function CLoN (2] 63438, D[Sk (2)][126354N,

exceeds a permitted level, for instange = 0.05,

from [4], [9], is iii) the distribution function of the timeS (2) until
T the Nth exceeding the reliability critical state 2 of
r=r(9 [ 3685yearsC 3 years 250 days. this system takes form
FN (2=

t —6.3438N + 0.0014,

P(Sk (2) <t) = Fy . ( ),
: ) now 1.6234/N
08 t|:|(—00,00), N=12,...,
S iv) the expected value and the variance of the time

S, (2) until the Nth exceeding the reliability critical
state 2 of this system take respectively forms

E[S, (2)] 06.3424N + 0.0014N -1)

D[S, (2)] 02.6354N,

Figure 10. The graph of the ground ship-rope v) the distribution of the numbeN (t,2) of system’s
transporter risk functiom (t) renovations up to the momentt = 0, is of the form

6.3438-t

4. Availability of the ground ship-rope )
0.6445/t

transporter PIN(£,2) = N) OFy 5 (

In this point the asymptotic evaluation of the basi
reliability and availability characteristics of @mal 6.343§N +1) -t _

: i ; : — Fyon ), N=12,...,
systems with non-ignored time of renovation are o1 0.6445/t
determined in an example of the ground ship-rope
transporter. _ _vi) the expected value and the variance of the
Assuming that the ground ship-rope transporter is ber Nt2) of tem’ i to th
repaired after its failure and that the time of the MUMPET t2) of sys ems_renova 'ons up to the
system renovation is not ignored and it has thenmeaMomentt, t > 0, take respectively forms
value 4,(2) =0.0014C12 hours and the standard
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H (,2) 00.157&, D (t,2) 00.0103, A multi-state ‘m out of n"-series system with
dependent components is considered as a system of
N o — linked independently in series multi-staten but of

vii) the distribution of the numberN(t,2) of gypsystems composed of components with failure
exceeding the reliability critical state 2 of tlsigsstem  dependency. In each of these subsystems we assume

up to the moment, t = 0, is of the form the following model of failure dependency. After
getting outv components in a subsystem, of the
6.3438N -t — 0.001 reliability state subsetu+1,...2}, u=1,2,...7 the

P(N(t,2) = N) OF, 0 (

5/t + 00014 increased load is shared equally among others. The
0.6445/t +0.0014 number of componentg that are getting out of the

reliability state subset can be equaits 0,1,2,...l;

~Fyos (6-343QN +D) -t ‘0001‘5, N=12.., — 1, wherd,;, i = 1,2,...k, is number of components
% 0.6445/t + 0.0014 in thei-th subsystem.

We denote byT(u), i =212,....k, j=12,...,1,,u =
viii) the expected value and the variance of thel,2,...z, the random variables representing the
number N (t,2) of exceeding the reliability critical lifetimes of componentss; in  the state subset

state 2 of this system up to the momertt>0, are  (UU+L.,2z, and T(u), u = 1,2,...z is a random
respectively given by variable representing the lifetime of a systemhis t
reliability state subset. Then the reliability of

_ remaining not failed components is getting worse so
H (t.2) 00.1576t + 0.0014, g P geting

that the mean values of theth, i = 1,2,...k
N subsystem component lifetimes in the state subset
D (t,) 00.0103t + 0.0014), {u,u+1,... 2, are of the form

ix) the availability coefficient of the system dtet

N v
momentt is given by the formula E[T, "(u)] = E[T, (u)] _r E[T; (W]

[, —v

K (t,2) C0.9998, t =0, :I_.E[T” )],
x) the availability coefficient of the system ineth ~ j=212,...,I;, v=012,...,I; -1 i=12...k,
time interval<t,t +7),7 >0, is given by the formula u=12,...,z.

©__ The ground ship-rope transporter as a system with
K(t,7,2) 001576 R (¢, 2)dt, t =0, 7 >0, dependent failures of components is described]in [7

! In this paper there are quoted only some final eslu
of reliability characteristics to compare them with
results obtained in the previous point. Additiopall
the availability analysis of the ground ship-rope
transporter in Naval Shipyard in Gdynia assuming
5. The ground ship-rope transporter with the wires’ failure dependence is presented.
dependent failures of components The mean values and the standard deviations of the

From practical point of view it seems reasonable toground ship-rope transporter unconditional lifetime

consider the ground ship-rope transporter assumin%]. the_ reliability state sut_)sets, accordmg to !tesu
component failures’ dependence [7]. Indeed, fadlure iven in [5], [13], counted in years respectivelg:a
of some wires in ropes have influence on the o

remaining wires and may cause their reliability - o

characteristics worsening. Thus, the assumption #d 2_1: bi 4 (1) C87940 (30)
about dependence of wires seems to be natural and

justified. o) [ 22355

The increased load caused by one or several

components’ failures may cause the increase of the 8

failure rates of the rest components. We consider a  ;(2) :Z p, 14 (2) £5.7981 (31)
equal load sharing model that is widely described i =

(2], [3].

where the reliability function of a system at the
critical stateR (t,2) is given by the formula (26).

o(2) £1.4867,
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8 iv) the expected value and the variance of the time
H@E) = Z P 44 (3) £3.0731 (32) 5, (2 until theNth exceeding the reliability critical
= state 2 of this system take respectively forms

o(3) C0.7797 .
E[S~ (2)] 05.7981N + 0.0014N - 1),
Next, the unconditional mean values of the ground
ship-rope transporter lifetimes in the particular
reliability states, by [9] and considering (30)-(3&
years are:

D[S (2)] 02.210N,

B v) the distribution of the numbelﬁ(t ,2) of system’s
AQ=p) - p(2)=29959 renovations up to the momentt = 0, is of the form

H(2)=u@) - u@E)=2725 -

5.7995-t

P(N ('[,2) = N) [ FN (02) (—3/—)

1) =u(3)=3.0731 0.6173/t

Next, assuming that the ground ship-rope transporte _ g (5-7995('\' +1) -t
is repaired after its failure and that the timettod noD 06173/t
system renovation is not ignored and it has thenmea

value 1,(2) =0.0014C12 hours and the standard vi) the expected value and the variance of the

deviation g, (2) = 0.0002C 2hours, applying results number ﬁ(t,Z) of system’s renovations up to the
given in [4], we obtain the following results: momentt, t > 0, take respectively forms

), N=12,...,

i) the distribution function of the timé&, (2) until H(2) 001724, D(,2) U0.0113,

the Nth system’s renovation, for sufficiently larde

has approximately normal distribution Vii) the distribution of the numberN(2) of
N (5.7995N 1.4867/N), i.e., exceeding the reliability critical state 2 of tisigstem
up to the moment, t = O, is of the form
= - t —5.7995N
F™(t,2) = P(Sn (2) <t) OF o (———F7=), - —t-
N NOD Y 186 7N P(N(.2) = N) OF, (01)(5.7995N t —0.0014,
£ 0 (—c0,00), N = 12,... © 06173/t +0.0014

i) the expected value and the variance of the time _ FN(OD(SJ%QN +1) -t -0001  N=12,...,
Sy (@ until the Nth system’s renovation take 0.6173/t +0.0014

respectively forms

viii) the expected value and the variance of the
- = number N (t,2) of exceeding the reliability critical
E[Sn (2)] 05.7999N, D[Sn (2)] 12.210N, state 2 of this system up to the momernt= 0, are

o ) o _ respectively given by
i) the distribution function of the timeS (2) until

the Nth exceeding the reliability critical state 2 of H (t,2) 00.1724t + 0.0014),
this system takes form

_ D (t1) 00.0113t + 0.0014),
FN ¢ 2)= tD Jt+ 4

t—5.7993N +0.0014 ix) the availability coefficient of the system datet
1.48674/N ' momentt is given by the formula

P(Sh (2) <t) = Fyy oy (

t(—o0,0), N =12,...,
K(t,2) C0.9998, t=0,

x) the availability coefficient of the system ineth
time interval<t,t +1),7 >0, is given by the formula
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failure in dependent and independent way. We can
notice that these values under the assumption that
wires failure in dependent way in the reliabilitate
S . subset {1,2,3} are shorten for about 6.4% and & th
whgre the r_el'ab'“_ty functlon of a system at the reliability state subsets {2,3}, {3} are shortenrfo
critical stateR (t,2) is given by the formula about 8.6% than in the case when wires are
independent. Comparing also the expected values of
_ 8 _ . . - y -
Rt2)=> p[Rt2)]V, t>0, the time until theNth system’s renovation we also
¢.2 Z Pi[RE2) conclude that there are lower for about 8.6% in the
case the wires failure in dependent way than

K(t,7,2) 001724 R (t,2)dt t20, 7 >0,
T

where independently.

The obtained results illustrate that the incredead

. 6, (0.5292) of remaining un-failed components causes shortening

[R(t,2)]® = [Z— exp[-0.5292]]* the lifetime of these components. That fact can be

1=0 It interpreted as a decrease of their reliability dast
than for the systems with independent components.
i
(Re2)” =325 expl-ozaay”

5. Conclusion

In the paper a practical application of the thaoabt
for i= 234, results of reliability, risk and availability evaltion
of industrial systems in variable operation cormais

. _ 5, (L299&)! is presented. The ground ship-rope transporter in
[R(t,2)]" =[Z‘+Iexp[—1.29961]]12 Naval Shipyard in Gdynia is considered in varying i
j=0 I time operation conditions with its different relilty
structure and its components’ reliability functians
for i =567, different operation states. The results presemidda

paper can suggest that it seems reasonable to

. 5, (1.4184)] continue the investigations focusing on the methods
[R(t2)]® =[> ~————"—exp[-1.4184]]"° of reliability, risk and availability analysis of
j=0 J! complex multi-state systems and the methods of
safety evaluation related to the multi-state systém
for t=0. variable operation processes and their applications

the ground ship-rope transporters used in shipyards
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