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Abstract:
In the paper the concept of a system structure with par cular emphasis on the reliability structure has been presented.
Advantages and disadvantages of modeling the reliability structure of a system using reliability block diagrams (RBD)
have been shown. RBD models of a marine steam‐water system constructed according to the concept of ‘mul ‐
component’, ‘one component’ and mixed models have been discussed. Cri cal remarks on the prac cal applica on of
models which recognize only the structural surplus have been dealt with. The significant value of the model by pro‐
fessors Smalko and Jaźwiński called by them ‘default reliability structure’ has been pointed out. The necessity of building
a new type of models: quality‐quan ty, useful in the methodology developed by the author's mul – criteria analysis of
importance of elements in the reliability structure of complex technical systems.
Key words: reliability structure, model of structure, complex technical system, importance of components, reliability
block diagram

INTRODUCTION
One of the stages of reliability analysis of complex tech‐
nical systems (CTS) – including the engine room – is the
assessment of which events (components) or minimum
cross‐sec ons are most relevant to the system in ques on
with regard to ensuring the op mum value of the specified
reliability indicator [3].
Usually when the quan ta ve analysis we want to find
items whose reliability must be improved to increase the
reliability of the system in an op mal way. This issue is rela‐
ted to the search for so called weak links in the system, that
is, the most unreliable elements and element groups in the
system as well as components important to safety and qua‐
lity of opera on. In literature on reliability the aspect is
named importance analysis. For the sake of quan ta ve
compara ve analysis of components importance, so‐called
importance measures have been introduced. There are
many diﬀerent measures, whose applica on is condi oned
mainly by which aspect of importance appears the most
relevant. It should be emphasized that the various measu‐
res of reliability lead to diﬀerent rankings of importance,
which is implied by diﬀerent defini ons of measurements.
Due to the limited applicability or non‐use of mul ple
measures of the element importance [5, 7] in the CTS, it
was necessary to develop a modern qualita ve – quan ‐
ta ve methodology to assign rankings of elements and gro‐
ups of elements importance in the CTS for the specified
importance criteria comprising the following aspects: safe‐
ty, reliability, economy, availability of spare parts, mainta‐

inability. One of the problems in prac cal use of these mea‐
sures is suﬃciently accurate representa on of the system
using a model in which the measures will be applied [4, 6].
SYSTEM STRUCTURE
The concept of the system has been given many defini‐
ons, o en with a focus on diﬀerent aspects of the use of
facili es during the opera on [2, 9]. Aristotle (384‐322 BC)
observed that ‘the whole is more than the sum of the part‐
s’ [12]. In general, the system S is <E,R> ordered pair consi‐
s ng of a set E and the R series, defined as a rela onship. In
the theory of systems E is called the set of elements, and R
the structure of the system [15]. Over the last 40 years,
since the introduc on of the first importance measure by Z.
W. Birnbaum, there have been developed a number of me‐
asures describing the importance of element in the structu‐
re of the reliability system and the importance of the cross
sec ons of minimum unfitness. However, despite the ad‐
vanced mathema cal (theore cal) ways of importance as‐
sessment, they create the men oned above applica on
problems. CTS, including the engine room systems are diﬃ‐
cult to describe herein as they are objects [5]:
 renewable or par ally‐renewable;
 variable in me structure of the func onality and
reliability;
 complex with hierarchical structure and mul ‐level,
o en not known, feedbacks;
 with the damages of elements par ally or totally
dependent;
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 for which we know the answer only for a certain
extent and nature of extor on and interference;
 with redundancy of unknown rela ons, which are
overlapping sets [14];
 reliability structures of which although their separa‐
te basic func onal elements are known, however
not in whole, nor in substan al part.
Models are tools and forms of representa on of reality
in human cogni on. There are models of the material
(similar spa ally, physically similar, related mathema cally),
and mental models (pictorial, symbolic, and mixed). The
system is characterized by the construc onal, func onal,
reliability structure, etc. In the reliability analysis of impor‐
tance it is relevant to build a model for the system of relia‐
bility structure. This structure can be modeled using verbal,
analy cal, logical, visual, and mixed models. When crea ng
models many formal tools are applied (Fig. 1).
Because of the characteris cs of complex technical sys‐
tems, listed in the introduc on, construc ng a model of
structure reliability may be a serious problem. In the fur‐
ther part of the paper the selected ways of modeling the
system reliability structure were assessed.

Fig. 1. Tree of CTS formal modeling tools [1]

RDB MODELS OF STRUCTURE
System reliability structure is o en represented in the
form of reliability block diagrams RBD (Reliability Block
Diagrams), which can be easily converted into equivalent
models such as: Fault Tree, binary models (Boolean mo‐
dels), and others.
The assump ons in the construc on of the model condi‐
on obtaining an adequate simplifica on in their analysis
and aﬀect the accuracy of the analysis results. In the follo‐
wing sec on three concepts to build the reliability structure
of a complex technical system by RBD models along with a
brief discussion of their advantages and disadvantages have
been presented. The example of its applica on will be a
steam‐water system of the engine room of 6500 TEU Class
Container Carrier [14] shown in Fig. 2.
System components, not reserved (but involved in a
series into a reliability structure) were determined for mo‐
dels 1, 2 ... m, and the reserved blocks (feed pumps, circula‐
ng pumps and leading valves) were determined: 1 ', 2' and
3 '. Moreover, in each of the reserved blocks (mirrored) the
basic element was marked 0 and a reserved element 1.
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Fig. 2. Steam, drain and feed water system of 6500 TEU Class Container Carrier

Multi‐component’ model
One of the concepts of modeling of complex structures,
such as engine room systems is the ‘mul ‐component’ mo‐
del in which the analyst tries to map all the elements of the
system. This approach was proposed in [8]. For the above
men oned power sta on the RDB model can be represen‐
ted as shown in Fig. 3.

Fig. 3. ‘Mul ‐component’ RDB model of a steam‐water system

Periodic damages to the engine room components (steam‐
water system) will make certain elements reliability func‐
on take values less than 1 Depending on the level of de‐
composi on of the system assumed by the analyst, the
number of the items of an example auxiliary system of the
engine room is a few dozens to several thousands. This
approach, despite a seemingly very accurate representa on
of the reliability structure of the system causes the system
model become very o en too complex, and obtained valu‐
es of the system reliability calculated on the basis of such a
model do not reflect the CTS real working condi ons. In
Fig. 4 R reliability value of a serial system consis ng of 100
elements of reliability values R which equal: 0.995, 0.990,
0.980 and 0.950, have been shown.
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Fig. 4. Reliability of 100 element series system with specified reliability values of components

In the first case, the overall reliability of this system is
ca. 0.6, which is very low. One might conclude that such a
system with virtually similar (almost equal) probability will
be fit or in the state of unfitness. In subsequent cases, the
reliability of the system is even smaller. In addi on, mul ‐
component model describes in a limited way me variabili‐
ty of the reliability structure resul ng from the damage to
the switching on and switching reserve elements. Therefo‐
re, the use of RBD models in this concept is useful only for
simple systems and for CTS is completely imprac cal and
gives results inconsistent with reality.
‘One‐component’ model
To avoid the problems of modeling the changes in func‐
onal and reliability structures of the system during its ope‐
ra on, Matuszak [11] proposed a model which treats the
system as a single item. According to this study concept any
damage in the analyzed system was recorded as a failure of
the system [13]. Schema cally this model can be represen‐
ted as shown in Fig. 5.

Fig. 5. ‘One‐component’ RBD model of a steam – water system

This approach results in underes ma on of reliability
due to the removal of reserved items and considering in the
analysis damages causing only reduced func onality of the
system without its total damage (failure), and also recogni‐
zes a failure of components that do not aﬀect the opera on
of the system, i.e. passive components [1]. A sample assess‐
ment of steam‐water system reliability using this concept
according to [11] is shown in Fig. 6.

Fig. 6. The course of the reliability func on for the sum of damages and each group of observed damages in steam system
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The presented in Fig. 6 summary (averaged from three
groups of observa ons) course of the reliability func on
that achieves the steam system reliability equals approxi‐
mately 0.6 a er 30 days of opera on, which does not re‐
flect the actual working condi ons of the analyzed system.
The steam‐water systems belongs to the relevant ones for
the opera on fueled by residual oil because of the need for
hea ng fuel and which is associated with it to provide pro‐
pulsion for the vessel (this situa on applies to the vast ma‐
jority of seagoing ships). Furthermore, the proper opera on
of a steam‐water system is significant factor in the safe
opera on due to the poten al for an explosion of the boi‐
ler, the fire in the main engine exhaust manifold, the possi‐
bility of burning machine crew, etc. Therefore, the presen‐
ted model, apart from academic studies, can not be applied
in prac ce.
Mixed model
An alterna ve to the previously men oned concept of
modeling the steam‐water system due to RBD diagrams,
can be a mixed model (using the approach shown in sec‐
ons 3.1 and 3.2), in which part of the reliability structure
consis ng of blocks connected in series to be modeled by
means of a replacement block, whereas reserved blocks
remain in the model included in the form of parallel sub‐
structures or cold spare substructures. Such a model can be
schema cally represented as shown in Fig. 7.

Fig. 7. Mixed RBD model of a steam – water system

The proposed approach reduces the complexity of the
reliability structure model while maintaining the model
elements which can be spares, thus, the underes ma on of
system reliability shall be minimized. For the case presen‐
ted, reliability of steam‐water system with four blocks of
exponen al probability distribu on of the length of me to
damage, the damage intensity equal to 10 failures per mil‐
lion hours of opera on of the block and the opera ng me
equal to one year is shown in Fig. 8.
In the presented case the obtained es ma on is much
closer to actual opera ng condi ons than in the previous
two cases.
FINAL CONCLUSION
In this paper the classical approach to modeling system
reliability structure has been presented. The approach does
not recognize a lot of internal feedback, hierarchical system
structure, and spares. The obtained results of the analysis
may be underes mated and may not recognize many types
of surpluses (structural, parametric, me, strength, func o‐
nal, element, etc.).
CTS reserving may have a diﬀerent character and in
prac ce is not known to the designer, operator and analyst
of the system due to many internal o en overlapping in
their opera on surpluses in each system [10].
The default structure of CTS reliability in a ‘black box’
proposed by professors Jaźwiński and Smalko seems, accor‐
ding to the current state of science, to be the best model
describing the redundancy in the system, at the same me
not represen ng explicitly the actual rela onships between
system components, which severely limits its applica on.
The author suggests using quan ta ve – qualita ve
models, in which on a given level of decomposi on the em‐
phasis will not be placed on a combina on of elements, but
their number, characteris cs and the issue concerning the
mul plied (reserved) elements in order to increase system

Fig. 8. Reliability of steam – water system assessed by the use of RDB mixed model
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reliability. Within the men oned topic further study is car‐
ried out, which is expected to contribute to the deve‐
lopment of useful prac cal mul ‐criteria methodology for
assessing the relevance of items in the CTS, such as the en‐
gine room.
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