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Summary

A decomposition of dynamic positionirgystem structures and a descrip-
tion of redundancy in this system using a complex plane have been outlined.
System state transition models basedaa@omplex plane have been shortly de-
scribed and a graph of the system titams has been shown. Application of the
redundancy model proposed by the authors for reliability estimation of dynamic
positioning system has been presented.

Introduction

Among many kinds of offshore facialities there is a group of ships operat-
ing as construction support vessels in offshore crude oil and natural gas produc-
tion. These vessels are fitted with dynamic positioniDB)(systems used to
automatically maintain the ship’s defoh@osition and heading. In order to en-
sure a given level of safety and reliability, most of EiHe subsystems are sub-
ject to redundancy [1, 2]. The dynamic jiosiing system is characterized by
all types of redundancyDP system can be said to be a system with mixed re-
dundancy). As far as failure intensity is concerned, systems usually feature hot
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spare (thruster redundancy) or warm sgatectric power stations) in order to
ensure very fast switch-over in case a basic component is damaged.

Real physical systems (i.e. technicadteyns) are characterized by the exis-
tence of a situation in which the incompatibility of a feature of a certain system
with required features are fail-safe. dnch situations, the fault of the compo-
nent's group does not lead to system failure (system is in full up state or is in
partial up state). Systems with such features are called systems with surplus
reliability structure. These systems caalie expected (predictable) tasks in
certain definite conditions with gimedamages or the non-performance of re-
quired conditions. A system with a non-dupcoherent structure is a system
where a fault of any of system component leads to a complete system in a down
state. This takes place for systems wattserial reliability structure. Such a
structure is in fact an approximationtbe real system reliability structure, and
it has the theoretical character for thiafglity estimation of the whole system,
taking into consideration the most pessitiai reliability model. In real systems,
we always have surplus structure. The most important redundancy types are
shown in Fig. 1.

Structural redundancy ‘ ‘ Parametric redundancy
‘ Functional redundancy \ / Time surplus ‘
Redundancy
‘ Strength surplus / \ Information surplus ‘
Maintenance surplus ‘ ‘ Compaonent surplus

Fig. 1. Redundancy types in the technical systems

The authors of this paper are mostlyalyzing structural redundancy with
the proposed application of a complex number plane for redundancy modeling
[4, 6]. Below, this application is deribed and an example application P
subsystems’ reliability estimation is presented.

1. Proposed redundancy model outline

A system with structural redundanognsist of basic components which are
performing system functions and standdmynponents which are taking over the
basic components functions in eas a basic component fault.

The dynamic positioning system is characterized by all types of redun-
dancy, i.e. some components are generally redundant while others are separately
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redundant. Therefore, thHBP system can be said to be a system with mixed
redundancy. For instance, generator sétthe marine power plant have sepa-
rate redundancy, while diesel power plants are redundant in general, i.e. general
redundancy is applied. Different methods of redundancy in systems with struc-
tural redundancy are shown in Fig. 2.

‘ Redundancy |
g g
Integer order of redundancy Fractional order of redudndancy
| | J ) | |
‘ Geaneral || Separate ” Mied | | General H Separale H Mixad ‘

| Permanent redundancy ”/ \1 Permanent redundancy |
| Active redundancy Active redundancy

Parfect ewitch || Real switch Perect switch || Real switch
Rszi r25<‘| RS:1 Rs‘:1
I
‘ Hot spare HWarm spsre| | Cold spare ‘ | Hat spare HWarm spare[| Culd spare |

Fig. 2. Methods of structural redundancy

Redundancy of components allows keeping the system fault tolerant. Class
3, (the highest redundancy level) according to the International Maritime Or-
ganizationIMO, is the system in which a loss of position (drifting off a given
position and/or heading due tdé system failure) should not occur from any
single failure including a completely urfire sub-division (e.g one of the
power plants) or a flooded watertight emgiroom compartment. Single faults
also include a single inadvertent act by any person on boaRthessel [7].
Such a system is shown in Fig. 3.

A general structure of dynamic positing systems consists of [4]:

S={Esy, Esz, Ess, Es4 Ess, Esq} (1)

where:
Es1 — automatic system of dynamic positioning supervision
(4 main components),
Es, — ship's electric power @ht (5 main components),
Ess— ship's propulsion system (5 main components),
Es,— emergency electric powsupply (4 main components),
Ess — reference sensors system (5 main components),
Ess— the other components of DP system.
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The subsystems’ structures hdaen described in [2, 4, 6].

In order to model the redundancy in the syskere transformatior(X, t)
was introduced, which resulted in a pair of numbers, which is, respectively,
equal to the number of basic componep(g, t) and the number of standby
components(X, t) w in the systenX at the time:

ZXt) = (p(X, 1), r(X, 1)) 2)
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Fig. 3. Schematic diagram of Class 3 (DPS-3) dynamic positioning system [6]
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For a given moment of time®, the total number of componenigX, t) in
the systenX equals:

OCX, 1) =p(X, t) +r(X, 1) = 0(X,0) —Drest(X, 1) 3)

where: [0(X,0) — the size of the systexwith the assumed preset full availabil-
ity of the system at the timte0 equal to:

H(X.0) = card(X) = p(X.0) +r(X.0) 4)

where: [Orest— the number of components of the syskerthat have failed until
the time t.

A comparison of the redundancy levelD# systems on ships belonging to
any of the equipment class is possitiieugh, for example, the introduction of
the coefficientd.,, that is equal to the maximum number of system components
in the up state that could béserved during their operation:

|]real ( X ) = rtnaxcard( X ) (5)
- t

Recommendations of classification sgi@s refer to the required minimum
number of specific componenty,, i.e. during the operation in the DP system at
the moment of its full up state, the real amolpt, of a given sub-unit in the
systemX cannot be less thdr,,, which can be written as:

Dreal (X) = Dkr (X) (6)

Thus, the value of the coefficienk, for a specified system can be used for
the description of redundancy in a spexifisubsystem on board a ship with a
given equipment class. When this is referred to, the required number of basic
componentp(X, t), the size of standby componengX, t) in a specified system
X, in any instant, cannot be less than the value:

r(X, 1) = Ok (X) = p(X, 1) (7)
The functionz(X, t) can be presented on a complex plane as:
ZOX ) =p0K t) +i - r(X, t) (8)

where:i =+/-1
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After substituting for the relation (2)ve obtain a formula connected with
the standard measulrg, which has this form:

ZX,) =p(X, t) +i - [O (X) = p(X, 1)] (9)

2. System state transitions

A series of transitions from the starting state to a system failure and a series
of transitions from the initial down state to full up state of the system and all its
redundant components have been described in [7]. In the presented complex
model, all system transitions for failsr&nd repairs can be presented in the
form of a transition graph, which is shown in Fig. 4.

£+ £ +AT L +a6 £ + Aty

Fig 4. The system states transition graph

3. Using of redundancy models for th®P system reliability calculation

One condition for a dynamic positioning system to work properly is that
one has to assure that all its sulbsys work correctly. Therefore, tid° sys-
tem structure corresponds to a seriescsiine composed of particular subsys-
tems. Using the decomposition described by the formula (1), we can write down
the reliability R(s,f) of a dynamic positioning systeBiat an instant of timéin
this form:

R(S 1) = n R(Est) (12)

where: R(Est) — reliability of the subsystelBg.at the instant of time

The reliability of particular subsystenean be determined with the use of
the proposed models of redundancy in a dynamic positioning system. In a gen-
eral case, for the subsystetwith a threshold structercomposed of identical
componentsy, having taken into account the quantities presented with the use
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of the relationship (8), the systemeliability at the instant of time>0 can be
expressed as follows:

n=0(X t)

n
RX,0)= > (.JEIJR(EX,t)]k[[ﬂ—R(Ex,t)]”_k (13)

k=p(Xt)

For the threshold structukez-ncomposed of componenis, E,,...E, with
various reliability characteristics and the required number of compokemnts
suring the system is in up state, thateyn reliability can be presented in this
general form:

n=0(X,t) _ k
RX,)=1- > (_1)k+r(x,t>+1(‘;_ﬂ > |‘|[1—R(Eu,t)] (14)

k=r(X t)+1 OP(EL) F1
Lit{1...n}:
11<.<In

Examples of a reliability analysis for subsystems @R system can be
found in professional literature, e.g. in reference [3, 5]; they will not be quoted
here as they are rather lengthy.

Final Conclusions

This article presents the application of a new reliability model of redun-
dancy of technical systems for reliabilitytiezation of technical systems, in this
case, referring particularly to systewisdynamic positioning that offshore ves-
sels are fitted with. One of the differences in ship design between dynamically
positioned offshore vessels and cargo transport vessels is that the former have a
much higher level of redundancy, especially in subsystems directly or indirectly
connected with maintaining the speediposition and heading of the shipX
system).

The tasks for which a ship is intended affect the scope of redundancy in
particular subsystems providing the vessel's dynamic positioning (electric
power and propulsion system, control agervision system, thruster system,
system of reference sensors, emergemawer supply system etc.). The pre-
sented model can be useful for builglicomplex technical systems’ reliability
calculation computer algorithm.
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Rezerwowanie strukturalne w systmie dynamicznego pozycjonowania
jednostki oceanotechnicznej

Stowa kluczowe

System techniczny, pozycjonowaniendyniczne, rezerwowanie, komponenty
cze$ci zamiennych, jednostka oceanotechniczna, systentooky, szacowanie
niezawodnéci, liczba ptaszczyzn zespolonych

Streszczenie

W materiale zarysowano dekompozycgtruktur systemu dynamicznego
pozycjonowania oraz specy§ikrezerwowania w tym systemie wykorzystj
ptaszczyzn zespolon. Krotko scharakteryzowano prgejp standéw systemu
stosujc ptaszczyze zespoloa oraz pokazano graf przéj standéw systemu.
Przedstawiono zastosowanie modalezerwowania zaproponowanego przez
autoréw dla szacowania niezawo€cicsystemu dynamicznego pozycjonowania.
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