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CATHODIC PROTECTION BY SACRIFICIAL ANODES OR IMPRESSED CURRENT,
COMPARATIVE ANALYSIS

'ACOMI NICOLETA, 2ACOMI OVIDIU
!Constanta Maritime University, ’Gsp Offshore, Romania
ABSTRACT

Cathodic protection represents a widely spread method for controlling the corrosion of metallic structures in
contact with various environments containing enough ions to conduct electricity such as soils and seawater. The
principle of cathodic protection consists in controlling the corrosion rate of a metallic structure by reducing its
corrosion potential, bringing the metal closer to an immune state. This could be achieved by two main ways: using
sacrificial anode or using an impressed current. The main difference between the two methods is that the impressed
current cathodic protection uses an external power source with inert anodes while the sacrificial anodes cathodic
protection uses the naturally occurring electrochemical potential difference between different metallic elements to
provide protection.

The paper’s aim is to realize a comparative analysis of these methods with regard to their benefits, features and
also to the economic point of view. Another aspect presented is the way how the cathodic protection system differs for
the commercial ships to the special purpose vessels - Floating Production Storage and Offloading which, regardless of
their shape that still looks like a ship, have special requirements regarding the corrosion protection.

Keywords: cathodic protection, sacrificial anodes, impressed current.

1. INTRODUCTION The conventional methods of protection the ship
against corrosion should be used along with the

Investigations into a series of marine casualties regulatory requirements from the building stage.
have revealed that about 40% of them have resulted from Corrosion control in marine environment can be
structural failures, and corrosion deterioration is found to achieved by different methods: coatings, cathodic
be the single largest factor leading to such failures [3]. protection, materials selection, chemical inhibitors, and
These studies have stressed the need for a more active environmental change. Coating the metal is used in order
attention towards preservation and maintenance of the to interpose a corrosion resistant coating between metal
metal and have led to major changes in the approach and environment. The action of protective coatings is
towards mitigation of corrosion. The International often more complex than simply providing a barrier
Maritime Organization (IMO) has made its first between metal and environment. In order to confer
recommendation in 1993, by issuing the Guidelines on cathodic protection, paints may contain a corrosion
the Enhanced Programme of Inspections during Surveys inhibitor zinc coating on iron or steel, but, even that, all
of Bulk Carriers and Oil Tankers, which specified the coatings are subjected to degradation over their service
positive reporting of the condition of structural members lifetime. The corrosion inhibitors are used in areas where
in corrosion prone areas [8]. the electrolyte solution is of a known and controllable
The Regulatory Environment generally prescribes quantity. On ships, this occurs in onboard equipment
adherence or compliance to the following norms: (boilers, tanks, pipes) but not on the hull.

1. Bulk ship failures in the late 80’s lead the Taking into account that the merchant ships are
International Association of Classification Societies made of iron or steel and the sea water represents their
(IACS) to create the Enhanced Survey Program for the environment, it is hard to believe that we could act on
hull structure. The ESP mandated that all ballast tanks the two methods: material selection and environmental
had to be coated with a “hard” coating and that the change.
condition of the coating while the ship is in service must The method that provides protection of the ships’
be “reasonable”. hull against corrosion is the cathodic protection. The

2. A short while after that, the International principle of cathodic protection consists in connecting an
Maritime Organization (IMO) created recommendation external anode to the material to be protected from
in an attempt to bring the standard of work on new corrosion. Therefore, all area of the metal surface
construction stage in line with what IACS would later becomes cathodic and will not corrode.
require when the ships are in service. The cathodic protection of the ship can be achieved

3. In 2002 the IACS ESP was tightened again and by different ways. The external anode may be a
the present requirements on coating condition in ballast sacrificial anode or it may be an impressed current anode
tanks on tanker ships are quite stringent, and discussions where the current is impressed from external direct
of incorporating cargo tanks under the regime started. current (DC) source. The next section presents the way

In order to combat corrosion deterioration of hull how these act:

structure, the fight should ideally begin from the e Impressed current cathodic protection (ICCP); and
building stage.

13
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e Sacrificial (or galvanic) anode cathodic protection
(SACP).
2. DESCRIPTION OF THE METHODS

2.1 Sacrificial anode cathodic protection

The sacrificial anode technique uses the natural
potential difference that exists between the structure
and a second metal in the same environment to provide
the driving voltage. No power source is employed.
Moreover, the dissolution of the second metal, that is,
the sacrificial anode, provides the source of electrons
for cathodic polarization of the structure.

-

Structure
Sacrificial Anode
Positive Current

Figure 1 The use of a sacrificial anode for CP

Sacrificial anodes are coupled to the structure to be
protected and the conventional current flows from the
anode to the structure as long as the anode is more
“active” than the structure. As the current flows, all the
corrosion occurs on the anode which “sacrifices” itself in
order to offer protection from corrosion to the structure.

The lower potential material becomes the anode and
corrodes preferentially.

Cathodic areas

Cathodic Areas

Cathodic Areas

Figure 2 Anodic and cathodic areas in steel (a) before/
(b) after installing sacrificial anodes [6]

Figure 3 Sacrificial anodes on the ship’s hull [1]

2.2 Impressed current cathodic protection
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Impressed current anodes are having longer life

than sacrificial anodes in cathodic protection due to their
negligible consumption rate, durability and strength.
These impressed current anodes are also known as
dimensionally stable (DSA) or insoluble anodes.
Using the impressed-current technique, the driving
voltage for the protective current comes from a DC
power source. The power source must be able to deliver
DC and examples are transformer rectifier units, solar
generating units or thermoelectric generators.

The circuit comprises the power source, an
auxiliary or impressed current electrode, the corrosive
solution, and the structure to be protected. The power
source drives a positive current from the impressed
current electrode through the corrosive solution and onto
the structure. The structure is thereby cathodically
polarized (its potential is lowered), and the positive
current returns through the circuit to the power supply.
Thus, to achieve cathodic protection, the impressed
current electrode and the structure must be in both
electrolytic and electronic contact. The figure below
illustrates the use of an external power supply to provide
the cathodic polarization of the structure.

Power Source

ICCP Anode Structure

Positive Current

Figure 4 The use of an external power supply
to provide CP

The ICCP system converts the ship’s AC supply
into a controlled low voltage DC output, which is then
delivered onto the metal surface by long life anodes
attached to, but insulated from the hull structure.
Various factors affect the amount of current required,
therefore to ensure the correct level of protection is
accurately controlled it is necessary to measure the
potential of the steel against a known and reliable
reference cell. This potential is monitored by reference
electrodes mounted on the underwater hull surface.

Preset
Level
Refference

electrode Transformer
Rectifier
Anode
Sea Cathode
(Electrolyte)

< (Structure)

Figure 5 The role of the reference electrode
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The number of electrodes and their locations is
carefully selected in conjunction with the anode
configuration and hull geometry. Solid state circuitry
within an automatic control unit compares the reference
potential against a desired and pre-set optimum. Any
difference between these will induce a resultant error
signal, which is electronically conditioned to provide
suitable regulation of the DC power supply to the
anodes.

ANODES P.1&S.1
[ ]

a

ANODES P.2 & 5.2
PORT ELECTRODER.1

SHIPS AC SUPPLY

440V/1PH/60HZ

MAIN CATHODE
"~ CONNECTION TO
ADJACENT FRAME

e B — —H e

{ e |

e
SBD ELECTRODE R.1

Figure 6 The ICCP system

An ICCP system can comprise of more than one
anode fitted on Aft, Forward, Port, Starboard of the
vessel, depending on the size and type of the vessel.

Figure 7 The anode in ICCP system [1]

The anodes used within impressed current cathodic
protection systems are titanium coated with mixed
metal oxide or platinum, silicon iron, graphite and
magnetite.

3. COMPARATIVE ANALYSIS OF THE TWO
TYPES OF CP

The first criteria that usually comes into our mind
when we talk about comparison of the two products, in
this paper two types of CP, is the cost criteria. The
authors identify the most important quality parameters
for these types of cathodic protection based on
efficiency, features, lifetime benefits, installation,
operation and maintenance.

3.1. The CP for a commercial ship
The shipping industry is comfortable with ICCP

(impressed current cathodic protection) systems for the
hull. This reasoning is well justified when one considers
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the operation and function of a tanker, for example.
Impressed current systems offer a number of advantages
for these vessels, presented in the following table.

Table 1 The quality parameters

N | Quality parameter SACP | ICCP
0.
1 | Free of Power source Yes No
2 | Protect a wide range of structures | No Yes
3 | Simple to install Yes No
4 | Small number of anodes required | No Yes
5 | Easy operation and maintenance | Yes No
6 | Controllable effects of CP No Yes
7 | Effects of incorrect connection No Yes
8 | Small resistance anodes contrary | No Yes
to the water flow
9 | Adjusting when changing | No Yes
conditions
10 | Easy to monitor of the anodes No Yes
11 | Reduced cost to maintain No Yes
12 | Long Lifetime No Yes
13 | Cost for persons’ special training | No Yes
The anodes in ICCP are either inert or have low
consumption rates and can be surrounded by

carbonaceous backfill to increase efficiency and
decrease costs.

Thus, while the impressed-current anode may be
more noble or more base than the protected structure,
because the power source forces it to act as an anode, the
sacrificial anode must be spontaneously anodic to the
structure, that is, be more negative in the galvanic series
for the given environment.

3.2. CP for an FPSO

FPSO's  (Floating Production Storage and
Offloading) generally fall into two categories; new build
vessels and conversions. There is no doubt however in
either case that the end result still looks like a ship
(Fig.8). When considering cathodic protection strategy
however, design concerns have little to do with
classifying the asset by appearance. Rather operability
and longevity (for the intended life cycle) are the chief
concerns.

FPSO structures present some interesting cathodic
protection challenges. Are they ships or floating
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production platforms? Is impressed current cathodic
protection the way to go? How do we handle protecting
the ballast tanks? What about the mooring systems?

Figure 8 Floating Production Storage and Offshore [2]

The operation and function of an FPSO varies
significantly from an ocean-going tanker in the
following areas:

1. It is moored in one offshore location for protracted
periods of time.

2. Regular dry-docking is not possible.

3. There are a number of appurtenances, risers,
umbilical, mooring lines and turret structures that
may be in close proximity to the hull.

These differences should be considered when
developing a long term cathodic protection strategy.
Certain implications of these differences might prove to
make the use of sacrificial anode systems more attractive
to many cathodic protection designers.

Related to the costs involved by the two systems of
cathodic protection there were various studies to see if
the ICCP is a cost effective method. Two main factors
are important in this analysis: current requirement and
water depth. Large current requirement/deep water both
generally lend themselves to using ICCP. These factors
are inter-dependent to a large degree but not always. For
example, impressed current is attractive in Alaska area
because of high current requirements and difficulties
associated with the installation of galvanic anodes,
regardless of relatively shallow water depth. Similarly a
very large, shallow-water template type structure may
have a very high current requirement because of the vast
steel area. On the opposite side, a very deep structure
such as a tension leg platform will have a very low
subsea current requirement due to its design and the
extensive use of subsea coatings - impressed current
would probably not be a good retrofit option.

As a general rule of thumb impressed current
systems begin to look quite attractive when current
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requirements exceed 400 - 500 Amperes and/or when
water depth exceeds 200 feet [2].

5. CONCLUSIONS

From this comparative analysis results that a system
based on impressed current is more complicated and
more expensive to install than the systems with
sacrificial anodes. The ICCP has the advantages that
anodes material is nobler than the ship’s steel and have a
very low corrosion rate per year and it protects all the
ship evenly. It should be also noticed that adding
sacrificial anodes in the SACP, on the ship’s hull would
increase the consumption of fuel, which is not the case
for the ICCP.

A particular advantage of an ICCP is that the
voltage is automatically adjusted on the basis of the
readings taken, to keep a certain difference of potential
which changes based on the condition of the coating, the
environmental changes or operational conditions, and
thus the level of cathodic protection can be permanently
optimized.
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ABSTRACT

It is well known that air pollution is a serious and actual problem that affects our society. The maritime transport is
responsible for a part of that pollution, approximately for 10% of the greenhouse gases emissions of the transport sector.
In order to reduce greenhouse gas emission from international shipping, the Marine Environment Protection Committee
(MEPC) from the International Maritime Organization developed technical and operational measures, helping to
improve in the same time the fuel efficiency too. The measures have been reviewed by the Committee in a number of
sessions and the results were the concepts of Energy Efficiency Design Index (EEDI), Energy Efficiency Operational
Index (EEOI) and Ship Energy Efficiency Management Plan (SEEMP). They have also elaborated a model course
comprising the main factors that should be well known and adjusted for an energy efficient ship.

The aims of this study are to offer an overview of the proposed measures, to emphasize their technical implications
and also the operational requirements that have been set in maritime field regarding the marine environment.

Keywords: energy efficient ship, greenhouse gas, marine pollution.

1. INTRODUCTION

In the early 90’ the United Nations recognized that
the climate is a shared resource which can be affected by
emissions of carbon dioxide and other greenhouse gasses
(GHG). The United Nations Framework Convention on
Climate Change (UNFCCC) was signed in 1992 in Rio
de Janeiro, entered into force in 1994, and in March
2013 had 195 Parties [2]. Under the Convention, parties
gather and share information, launch national strategies
for addressing GHG and cooperate for the adaptation to
climate change.

International shipping is the most environmentally-
friendly and energy efficient mode of mass transport and
only a modest contributor to the total volume of
atmospheric emissions while moving a considerable part
of world trade (90%). The emissions of CO, from
shipping compared with global total emissions are
presented in the Figure 1.
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Figure 1 The compared analysis of the emissions of CO,

Nevertheless, a global approach for further
improvements in energy efficiency and emission
reduction is needed as sea transport is predicted to
continue growing significantly in line with world trade.

The International Maritime Organization (IMO), as
the UN’s Specialized Agency responsible for the global
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regulation of all facets pertaining to international
shipping, has a key role in ensuring that the environment
is not polluted by ships — as summed up in IMO’s
mission statement: Safe, Secure and Efficient Shipping
on Clean Oceans.

The International Maritime Organisation (IMO), as
the main regulatory body for shipping has, in recent
years, devoted significant time and effort in order to
regulate shipping energy efficiency and thereby control
the marine GHG emissions. For this purpose, IMO has
developed a number of technical and operational
measures that include:

e Energy Efficiency Design Index (EEDI);

e Energy Efficiency Operational Index (EEOI);

e Ship Energy Efficiency Management Plan

(SEEMP).

2. TECHNICAL AND OPERATIONAL ENERGY
EFFICIENCY MEASURES FOR SHIPS

All the measures, technical and operational, are
united in the same purpose: to ensure that the EEDI,
EEOI and SEEMP deliver environmental effectiveness
by generating, through enhanced energy efficiency
measures, significant reductions in GHG emissions from
international shipping.

Numerous stakeholders such as policy-makers, ship
owners, naval architects, class societies, are contributing
to this endeavour, providing technical and other input to
the debate, leading to the development of an instrument
that is eminently suited for its intended purpose.

In October 2011 IMO completed a study to estimate
the CO, emission reductions resulting from the adoption
of mandatory technical and operational energy efficiency
measures.

2.1 Energy efficiency design index

Shipping is permanently engaged in efforts to
optimize fuel consumption, e.g.,, through the



Constanta Maritime University Annals

Year XIV, Vol.19

development of more efficient engines and propulsion
systems, optimized hull designs and larger ships, and
thereby achieve a noteworthy reduction in fuel
consumption and resulting CO2 emissions on a capacity
basis (tonne-mile). Although ships are the most fuel
efficient mode of mass transport, the Second IMO GHG
Study 2009 [3], identified a significant potential for
further improvements in energy efficiency mainly by the
use of already existing technologies. Additional
improvements in hull, engine and propeller designs,
together with reduction in operational speed, may lead to
considerable reductions as illustrated in Table 1.

Table 1 Potential reductions of CO, emissions [3]

Saving of
CO,/tonne-
mile

Design

Concept, speed and capability 2% to 50%

Hull and superstructure 2% to 20%

Power and propulsion systems 5% to 15%

Low-carbon fuels 5% to 15%

Renewable energy 1% to 10%

Exhaust gas CO, reduction 0%

It is already being used to enable a comparison to
be made of the energy efficiency of individual ships with
similar ships of the same size that could have undertaken
the same transport work (i.e. moved the same cargo).

The Energy Efficiency Design Index for new ships
creates a strong incentive for further improvements in
ships’ fuel consumption. The purpose of IMO’s EEDI is:
e to require a minimum energy efficiency level for

new ships;

e to stimulate continued technical development of all
the components influencing the fuel efficiency of a
ship;

e to separate the technical and design based measures
from the operational and commercial measures (they
will/may be addressed in other instruments); and

e to enable a comparison of the energy efficiency of
individual ships to similar ships of the same size
which could have undertaken the same transport
work (move the same cargo).

As long as the required energy efficiency level is
attained, ship designers and builders would be free to use
the most cost-efficient solutions for the ship to comply
with the regulations. The reduction level in the first
phase is set to 10% and will be tightened every five
years to keep pace with technological developments of
new efficiency and reduction measures. IMO has set
reduction rates up to 2025 from when a 30% reduction is
mandated for most ship types calculated from a reference
line representing the average efficiency for ships built
between 1999 and 2009.
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The EEDI provides a specific figure for an
individual ship design, expressed in grams of CO2 per
ship’s capacity-mile (a smaller EEDI value means a
more energy efficient ship design) and calculated by the

following formula based on the technical design
parameters for a given ship:
EEDI = CO,emission 0

transport _work

The CO, emission represents total CO, emission
from combustion of fuel, including propulsion and
auxiliary engines and boilers, taking into account the
carbon content of the fuels in question. The measures for
EEDI reduction comprise the following technologies:

- optimising hull dimensions

- lightweight construction

- hull coating

- contra-rotating propeller

- engine efficiency improvement

- waste heat recovery

- gas fuelled

- hybrid electric power and propulsion concepts
- wind power

- solar power

If shaft generators or innovative mechanical or
electrical energy efficient technologies are incorporated
on board a ship, these effects are deducted from the total
CO, emission. The energy saved by the use of wind or
solar energy will also is deducted from the total CO,
emissions, based on actual efficiency of the systems.

2.2 IMO'’s ship energy efficiency management plan

The purpose of the SEEMP is to establish a
mechanism for a company and/or a ship to improve the
energy efficiency of ship operations. Preferably, the
ship-specific SEEMP is linked to a broader corporate
energy management policy for the company that owns,
operates or controls the ship. It should be recognized that
the international fleet of merchant vessels comprises of a
wide range of ship types and sizes that differ
significantly in their design and purpose, and that ships
operate under a broad variety of different conditions.

The amendments to MARPOL Annex VI require
that all international ships over 400 gross tonnage retain
on-board a Ship Energy Efficiency Management Plan
(SEEMP). Guidance for the development of a SEEMP is
contained in IMO circular MEPC.1/Circ.683 [4].

The SEEMP provides an approach for monitoring
ship and fleet efficiency performance over time and
forces the responsible persons and entities to consider
new technologies and practices when seeking to
optimize the performance of the ship. The related energy
efficiency measures refer to:

- engine tuning and monitoring
- hull condition

- propeller condition

- reduced auxiliary power

- trim/draft

- voyage execution

- weather routeing
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The Second IMO GHG Study 2009 [3] indicates
that a 20% reduction on a tonne-mile basis by mainly
operational measures is possible and would be cost-
effective even with the current fuel prices, and the
SEEMP will assist the shipping industry in achieving
this potential.

2.3 The energy efficiency operational indicator

Improvements in energy efficiency are possible by
operational measures, such as fleet management, voyage
optimization and energy management, with 10 to 50%
reductions of CO, emissions (on a capacity mile basis)
estimated through the combined use of these measures.
Saving energy at the operational stage is presently
addressed by the SEEMP and the EEOI can be used as a
monitoring tool and to establish benchmarks for different
ship segments of the world fleet categorized by ship type
and size.

The EEOI enables continued monitoring of
individual ships in operation and thereby the results of
any changes made to the ship or its operation. The effect
of retrofitting a new and more efficient propeller would
be reflected in the EEOI value and the emissions
reduction could be quantified. The effect on emissions
by changes in operations, such as introduction of just in
time planning or a sophisticated weather routing system
will also be shown in the EEOI value.

The energy efficiency of a ship should be monitored
quantitatively. This should be done by an established
method, preferably by an international standard. The
EEOI developed by the Organization is one of the
internationally established tools to obtain a quantitative
indicator of energy efficiency of a ship and/or fleet in
operation, and can be used for this purpose. Therefore,
EEOI could be considered as the primary monitoring
tool, although other quantitative measures also may be
appropriate.

If used, the EEOI should be -calculated in
accordance with the guidelines developed by the IMO
[4]. If deemed appropriate, a Rolling Average Index of
the EEOI values may be calculated to monitor energy
efficiency of the ship over time.

The EEOI provides a specific figure for each
voyage. The unit of EEOI depends on the measurement
of cargo carried or the transport work done, e.g., tonnes
CO,/(tonnes/nautical miles), tonnes CO,/(TEU/nautical
miles) or tonnes CO,/(person/nautical miles), etc. The
EEOI is calculated by the following formula, in which a
smaller EEOI value means a more energy efficient ship:

actual _CO, _emission

EEOI = @
performed _transport _work
The EEOI for a voyage is calculated as follows:
Z FC;xCpy
EEO] =— 1 ——— 3)
me argo xD

For a number of voyages or voyage legs, the
indicator is expressed as presented below:

19

ZiZchﬁ xCp;
zimcargo,i ><Di

Average EEOI = 4)

Where:

- jis the fuel type;

- iis the voyage number;

- FCjis the mass of consumed fuel j at voyage i;

- CF; is the fuel mass to CO, mass conversion factor
for fuel j;

- Mg 1s cargo carried (tonnes) or work done
(number of TEU or passengers) or gross tonnes for
passenger ships; and

- D is the distance in nautical miles corresponding to
the cargo carried or work done.

The actual CO, emission represents total CO,
emission from combustion of fuel on board a ship during
each voyage, which is calculated by multiplying total
fuel consumption for each type of fuel (distillate fuel,
refined fuel or LNG, etc.) with the carbon to CO,
conversion factor for the fuel(s) in question (fixed value
for each type of fuel).

The performed transport work is calculated by
multiplying mass of cargo (tonnes, number of TEU/cars,
or number of passengers) with the distance in nautical
miles corresponding to the transport work done.

3. ENERGY EFFICIENT SHIP OPERATION
MODEL COURSE

During the sixty session of the Marine Environment
Protection Committee, it was noted that, to assist in
achieving the visions and goals set out in resolution on
the “Human Element Vision, Principles and Goals for
the Organization” [5], and the principles and aims of
resolution on the “Need for capacity-building for
development and implementation of new and
amendments to existing, instruments” [6], the IMO
Secretariat had engaged the World Maritime University
(WMU) to develop a draft model course on energy
efficient operation of ships.

A draft Model Course was submitted to the sixty-
second session as document MEPC 62/inf.39 [7]. It was
developed on the elements comprising the SEEMP as
well as on the “Guidance for the development of a
SEEMP” [4]. This draft model course provides general
background on the climate change issue and IMO’s
related work and aims at building the different
operational and technical tools into a manageable course
programme, which will promulgate best practice
throughout all sectors of the industry. The Course will
help create benchmarks against which operators can
assess their own performance.

The Committee agreed that the draft model course
was an excellent start to provide a structured training
course but that it required additional work to identify the
relevant parts and information, such as key practical
operational efficiency measures, which are pertinent to
the ship’s deck and engineering officers. The Marine
Environment Protection Committee also considered
important that consideration be given to integration of
the SEEMP into the on board safety management
system. In light of the improvements necessary to the



Constanta Maritime University Annals

Year XIV, Vol.19

Model Course, the Committee invited interested

delegations to provide practical information and

examples on the efficient operation of ships to the

Secretariat. The comments received from the validation

group were the following [8]:

1. The draft Model Course with 5-days duration is too
long compared with a similar course prepared by
classification societies, which is only two days;

2. Considering that ship management both on board
and on shore are the target participants of the course,
EEDI and EEOI should be thoroughly discussed and
actual calculation is a must; and

3. Impact of speed to fuel consumption cannot fully be
appreciated using the full mission engine-room
simulator. It is better to complement the simulator
exercise using actual fuel consumption of existing
vessel type data at various speeds to be calculated
by the participants.

Taking into account the above comments from the
validation group, the Secretariat adjusted the draft Model
Course by adding some paragraphs in the relevant
sections. The final Model Course Energy Efficient
Operation of Ships first published in December 2011
was updated by IMO Marine Environment Division in
February 2013 to adjust the course, taking into account
comments from validation group for model courses
under the STCW convention [8].

5. CONCLUSIONS

The EEDI establishes a minimum energy efficiency
requirement for new ships depending on ship type and
size and is a robust mechanism that may be used to
increase the energy efficiency of ships stepwise to keep
pace with technical developments for many decades to
come. The EEDI is a non-prescriptive mechanism that
leaves the choice of what technologies to use in a ship
design to the stakeholders as long as the required energy
efficiency level is attained enabling the most cost-
efficient solutions to be used.

In order to evaluate the operational performance of
their fleet, the ship-owners have in EEOI an instrument
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for measuring ships’ energy efficiency at each voyage or
over a certain period of time. Its use is voluntary and
because the EEOI can also provide useful information on
a ship’s performance with regard to fuel efficiency, it is
recommended to be applied.

With regard to the IMO model courses their
purpose was to assist training providers and their
teaching staff in organizing and introducing new training
courses, or in enhancing, updating or supplementing
existing training material, so that the quality and
effectiveness of the training courses may thereby be
improved.
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ABSTRACT

Safety is the most commonly discussed feature of maritime transport and the stability is one of the most critical
features of seagoing ships. In nowadays, the assessment and calculation of ship’s intact stability is based on stability
criteria where the righting lever curve should be corrected for the effect of free surfaces of liquids in tanks. This
method, consider only the static attitude towards the sloshing phenomenon and do not take into consideration the
dynamic attitude and his influence. The paper examines the effect of fluid free surfaces in slack tanks on ship’s
transverse stability and presents considerations on the influence of tank filling level, by analysing the heeling moment
caused by sloshing generated by a liquid with free surface and has the purpose of demonstrating the liquid free surface

dynamics influence on ship’s stability.

Keywords: liquid, free surface effect, safety, sloshing, stability, heeling moment, .

1. INTRODUCTION

Ship stability is one of the most critical features of
seagoing ships related to her safety because is
influencing its overall sea keeping performance.

Ship stability is a field of many researches leading
to the increase in understanding of the safety qualifying
factors and remains a crucial factor determining sea
keeping of ships. Stability against capsizing and
excessive heeling is one of the most fundamental
requirements considered by naval architects when
designing cargo vessels and by their operators in the
course of sailing and cargo handling [1]. The stability of
a vessel belongs to operational characteristics enabling
cost effective and safe operation [1].

The influence of moving liquid in partly filled tanks
is one of the problems related to ship stability and its
overall performance. The ballast tanks are the main
group of tanks on board ships, which are usually used
also in partly filled condition. According to their
purpose, the ballast tanks can be classified as follows:

e Trimming tanks (fore and after peak tanks)
which are very often used in partly filled
condition due to the need of adjusting the
trimming of ship and in this situations free
surface of liquids appear.

e Stability tanks, used for improving ship’s
stability during cargo operations due to rising of
ship’s vertical centre of gravity. A very
important feature of these tanks is the fact that
the breadth is very large (the breadth can equals
half breadth of the ship or even full ship’s
breadth) and therefore its generate large free
surface of liquids.

e List control tanks, are usually located on the
sides and are often used in partly filled
condition to adjust the list of the ship.

e Strength control tanks, utilized to adjust the
longitudinal weight distribution.

The importance of ballast tanks is significant and

their total weight in relation with ships types is shown in
figure 1.
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Figure 1. Correlation between lightship weight and
ballast water weight

A very important aspect that is revealed from the
figure 1, is that the total weight of ballast water on board
vessel may be equal or even more than the lightship
weight among ships other than bulk carriers and can be
twice the lightship in case of bulk carriers. If only part of
these tanks are partly filled in the same time, will creates
free surfaces and the phenomenon of moving liquids in
tanks which will have a great negative influence over
ship stability.

The strong interaction between the liquid oscillation
with free surface and the ship motion is a difficult issue
when the analysis of the dynamic response of ship has to
be made. However, this field of research is very
important, due to the problems generated by this matter,
for certain situations like tanker ships (due to sloshing
induced loads over the side walls of the cargo tanks),
damage survivability analysis or small ships with water
shipped on deck.

Stability characteristics of ships with free surfaces,
especially with regard to capsizing, have been deeply
studied, involving static, dynamic and hydrodynamic
approaches depending on the model used for description
the motion of the liquid inside the compartment. The
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static model, treats the liquid as moving of free surface
in connection with ship inclination, which reveals that
the oscillation of liquid is calculated and added to the
righting moment of a ship as a correction for free surface
effect. The dynamic models, analyses the roll motion of
the ship with free surface liquids by a set of two coupled
differential equations. This approach allows the
assessment in terms of natural frequencies of oscillation,
corresponding to the square root of eigenvalues of the
coupled equations. The hydrodynamic model was mainly
used for solving the sloshing problem.

Depending on the physical characteristics of the
liquid, on the geometry of the compartment and on the
external excitation sloshing loads can be assessed in
different ways [2].

In sloshing problems, an important role in the
reduction of the speed of propagation of surface waves
and smoothing of high frequency waves is played by the
liquid viscosity.

In resonance conditions, a train of traveling waves
inside the compartment, in many cases resulting in a
hydraulic jump, depending on the magnitude of the
external excitation. Thus, the large standing waves
superposed by hydraulic jump develop a sloshing
induced moment whilst the fast waves can induce impact
loads on the sides of the compartment with the possible
result of structural damage. In this respect, it is important
to note that the problem of sloshing of liquids inside the
compartments on board ship connected with the roll
motion of ship is an important factor when the safety of
ship is analysed.

2. SLOSHING AND THE INFLUENCE ON
HEELING MOMENT

Liquid slosh within a compartment (tank) exposed
to motions is known to be quite complex, particularly
under the influence on multiple-axis excitations, as
encountered in ships.

When the ship motions contain energy in the
vicinity of the highest natural period for the fluid motion
inside the tank, a partly filled tank will experience
violent liquid motion.

The nonlinear movements, accompanied by
oscillatory motions, of liquids inside partially filled tanks
generate the sloshing phenomenon.

This liquid movement generates dynamic loads on
the tank structure and thus becomes a problem of relative
importance in the design of marine structures in general
and an especially important problem in some particular
cases [3].

The sloshing is more severe as the larger tanks size
is and less internal structures obstructing the flow in the
tank are present. This fact is related to [12]:

e  Larger tanks size lead to increase the highest
natural sloshing period and hence higher sea states and
larger ship motions will excite the severe sloshing.

e Internal structures dampen the fluid motions.

The problem of sloshing phenomenon has been
investigated in the last 50 years, through many methods
like mechanical models by adjusting terms in the
harmonic equation of motion [4], [5], by potential flow
problem with the sophisticated treatment of the free
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surface boundary conditions [3] or by nonlinear shallow
water equations [6] with the use of different techniques
[7].

The hydrodynamic loads occurred inside a
compartment are classified as: dynamic loads (are loads
with dominant time variations on the time scale of the
sloshing period) and impact loads (may only last 0.01 to
0.001 seconds).

The static heeling moment due to liquid in a partly
filled tank can be divided in two components as follows:

e moment of liquid’s weight without any changes

of shape during ship heeling;

e moment of liquid such as a “frozen liquid” or

compared with a solid [4].

In the same way can be assessed the total dynamic
heeling moment due to sloshing of liquid inside the tank:
one component is the moment due to dynamic action of
“frozen” liquid at zero angle of heel and other
component is due to liquid sloshing inside the tank.

Thus, the total moment of heeling (static and
dynamic) may be expresses by the relations:

where:
M g - total static moment due to liquid in a tank with
free surface ,

M fls~ static heeling moment due to the weight of liquid

considered “frozen”,

M i static heeling moment of fluid transfer for each

angle of heel,

M p, - total dynamic moment due to sloshing of liquid in
tank,

M fld - dynamic heeling moment due to weight of liquid
considered “frozen”,

M - free floating component of the dynamic moment

due to sloshing of liquid in tank.

Low fill depth case

In the situation of a small amount of liquid in the
tank (when the liquid fill is small in comparison with the
tank depth), the velocity vector of a fluid particle is
almost parallel to the tank bottom. Thus, the component
of the velocity which is perpendicular to the tank bottom
can be neglected and thereafter the particle velocity is
independent of the vertical coordinate. At the low fill
depth, the transient effects are important, and the
interface of wet and dry domains develops along the tank
bottom.

When the movement of the fluid is restricted in the
plan of tank’s breadth and depth, the liquid is sloshing
freely between the tanks sides as a response to the ship’s
rolling motion.

When the fluid is moved to one side and the tank
bottom becomes partially dry, the natural tank period
and the ship’s rolling period closely match. This is the
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situation of resonance when a hydraulic jump if formed
and travels back and forth between the tank walls and the
energy of the fluid particles crossing the jump is not
conserved.

Deep fill depth case

In the situation of tanks filled with large amounts of
liquid, the period of the main excitation due to the
rolling motions and the greatest natural period do not
closely match, because the former is much greater than
the later. Thus, the liquid free surface remains essentially
flat but it may be oblique.

In the deep fill depth case, can be applied the

multimodal method to a domain assumed with a small
opening which is based on the fact that the small
variation of the domain does not change the eigenmodes
significantly [Faltinsen & Timokha, 2009].
For the relative slow motions of the ship, only the
gravitational force is expected to play an important role.
If the volume of the liquid inside the tank remains
constant during the roll motions, then the position of the
liquid free surface can be described by only one
parameter, the transversal surface slope.

From the Lagrange equation can be derived the
equation of motion of the liquid free surface as

W:Lsin((pﬂ//)-cosw-cosﬂ 3)
74

3/

where, pis the position of the centre of gravity of the
liquid in the tank’s breadth direction and £ is the pitch

angle.

During ship motions in seaway, the ship’s
resistance to the effect of external heeling moments will
decrease due to the increasing intensity of liquid cross-
flow from side to side of the compartment.

The sloshing phenomenon is a very big problem in
tanker ships, because if the tanker ship is partly filled,
sloshing of cargo from one side to other side occurs and
could cause the damage of the structure or even
capsizing. This is the result of the fact that when the
acceleration of the ship is too high or when the external
excitation frequency is closed to the frequency of the
liquid cargo in the tank, violent oscillations of the liquid
may occur [10].

The design improvement is to separate the tanker
into several smaller areas (cargo tanks) or to install
additional plates inside the cargo tanks. These plates
contribute to lower the amplitude of the liquid’s
oscillations and thus to reduce the impact forces on the
structure. Both practices are used today in tanker ship
construction.

Sloshing is also of concern for shuttle tankers and
Floating Production Storage and Offloading units. The
severity of sloshing is related to possible filling level
restrictions for ships that are carried fluid products such
as FPSOs, shuttle tankers, oil tankers or gas carriers. Of
course the bulk carriers are exposed to such dangerous
phenomenon since ballast exchanges are required outside
the port and lead to possibilities of slamming damages,
with particular concern for the hatch covers.
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The modelling of ship motion coupled with liquid
sloshing is a complex problem which has to be solved in
order to increase the safety of tanker ships [11].

3. SSESSMENT OF FREE SURFACES ON
BOARD SHIPS

Nowadays, on board ships, assessment of ship’s
stability is based on the stability criteria published by
International Maritime Organization through Resolution
A749(18) or Intact Stability Code 2008, known as IS
Code 2008. According to above mentioned
recommendations, the initial calculated metacentric
height should be corrected for the free surface effect of
liquid for any partly filled tanks up to the level of 98%
from its volume.

As stated in the IS Code, the correction for free
surface effect may be done by any of the accepted
methods:

e Based on the moment of inertia of tank’s
horizontal projection,

e Based on the actual moment of fluid transfer
calculated for each angle of heel.

In the first method, which is very common, the
correction for free surface of liquid is ascertained by the
a formula

Py

A

where, i is the moment of inertia of tank’s horizontal
projection the tank is in upright condition (without any

oGM = 4)

angle of inclination), p;, is the density of the liquid

contained in the partly filled tank and A is the ship’s
displacement.

The above formula is based on the assumption that
the liquid surface is always same as the waterline, i.e.
straight, and depends only on the ship’s angle of
inclination, as presented in Figure 2.

;]

g

Figure 2. Same condition of waterline and liquid’s free
surface in partly filled tank

Due to wide stability margins provided, the
correction given by the eq. (4) is safer than the
correction based on the moment of fluid transfer for each
angle of heel. However, in the situations where particular
conditions are met, like:
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e the tank has a rectangular form with wall-sides;

e the tank is low filled (the liquid surface is less
than the tank’s bottom / roof surface);

e the angle of ship’s heel is small enough as

g =sing.
both methods of assessment the free surface correction
create almost the same results.

There is a limited range of heel angles, which are
highly dependent on the tanks height to breadth ratio, for
which the free surface correction, calculated with any
recommended method, ensuring equal values. However,
despite the limitations, the formula from eq.(1) is
commonly used worldwide. Due to significant values of
the free surface corrections, noted on board of various
types and sized of ships, the determination of proper free
surface effect is of great importance for the correct
assessment of ship’s stability.

4. HE EFFECT OF FREE SURFACES ON
VESSEL STATIC STABILITY

The most common relation which determines the
free surface moment of a liquid in an upright tank is

FSM=1-py, (5):

where, [ is the transverse second moment of area of
tank waterplane and 0y, is the density of the fluid in the

tank.

The eq.(5) reveals the that volume of fluid in the
tank is not influencing the free surface moment.
However, in reality FSM is influenced by the volume of
the liquid in the tank this fact being reflected by value of
the FSM for different levels of fluid in the tank.

The shape of the tank has a major influence on FSM
value, as the transverse second moment of inertia is fully
dependent especially on the tank breadth.

The presence of a free surface liquid on board acts
as a mechanism that shifts the natural roll period of the
ship depending on the geometry of the tank, its own
position on respect to the centre of mass of the ship and
on the liquid depth [9].

For the study of a free surface fluid moving we
considered a tank with rectangular cross-section filled
with liquid up to half of its total height. The tank is then
heeled to an angle ¢. The area of the immersed and
emerged wedges are calculated as

b -tan @
8

(6)

The centre of gravity of the fluid, upon heeling the
tank, can be found by taking moments about the initial
position of the tank’s center of gravity as follows:

_ b tan @

g 6h
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and
B b* tan’ Q
12h

As the fluid centre of gravity shifted to heeled part,
this led to shifting of vessel’s centre of gravity which is
influencing the reduction of righting lever. The reduction
of righting lever, can be calculated from the horizontal
shift of the tank centre of gravity with the relation

Zg ™)

®)

The free surface moment can be also calculated, as
in the most commonly way of approaching, by
considering that the shifting of tank’s centre of gravity is
equal with, is producing, a virtual rise of the vessel’s
center of gravity and can be calculated by the relation

FSM .
0GZ = -sin @ 9)
VS 5SW
then, the relation for free surface moment became,
0y, V-0,
Fsmlzzg—iif—fggli. (10)
sin ¢

If the horizontal shift of the tank center of gravity is
calculated as

bt b* tan’
=ﬂ lazr;l¢sin(p, (11)

oy
6h

g cos @ +

then, the final form of free surface moment is

tan’ Q
1+ . (12)

The eq. (12) is valid for the moderate heel angles in

the range of
—1( A
0<g@<tan Z

If the heel angle is increased in the range of

tan — |S@<—tan — (14)
b b

then, the free surface moment is given by the relation

(13)
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FSM=V;-p [h + b
ey 4tan @
2 . 15)
1+ 57— |l
6b tan @ 2tan” @

From the eq. 912) and (15) it is noted the
importance and the influence of the heel angle of ship on
free surface moment.

It is also important to be mentioned that the eq. (13)
and (15) are valid only in the case of prismatic tanks
with rectangular cross section and half filled with liquid.
Of course similar equations could be derived for other
shapes of compartments but we believe that is a
complicate approach and however will be possible only
by a computer model where the actual position of the
liquid inside the compartments, taking into consideration
the heel and trim of the ship, is easy to be computed.

5. HE INFLUENCE OF LIQUID DYNAMICS ON
SHIP STABILITY

When on board vessel a compartment partly filled
with a liquid, which generates free surface, is engaged in
roll motions (during ship’s rolling), at lower depths of
the liquid it will be developed resonance frequencies
with high wave amplitudes. In this respect, it is formed a
strongly non-linear phenomenon, called hydraulic jump,
which moves periodically between the sides of the
compartment.

If it is considered a rectangular compartment with
length (1), breadth (b), filled with liquid, of density p, up
to a certain level h, the natural frequency of the surface
waves inside the compartment, during rolling, will be

@y, =k - g - tanh(kh)

where, k is the wave number, calculated as a function of
wave length which in this situation is twice the breadth
of the compartment.

When the motion of a ship, with liquids in
compartments, is examined in seaway, two problems are
to be approached:

e The liquid oscillations in compartments
(sloshing problem), which is key problem, and the solving
solution is based by using the method of liquid motion
velocity for description of liquid volume oscillations. In
this approach, the solution is presented in a analytical
form, it considers the ship with the liquid on board as a
whole.

e  Solving the combined equations of ship and
liquid oscillations during motion of ship in seaway, which
is connected with numerical integrating of the equations of
hydrodynamics. This method is more convenient for
calculate the free surface in any moment of time and the
impact loads within the compartments.

If the compartment that contains the liquid is
limited to angular oscillations, the free surface of the
liquid will develop a heeling moment which consists in
three components as follows:

(13)
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My=M+M,+M, 14

where,

- M

s
liquid centre of gravity in the same direction with
ship inclination due to liquid cross-flow. It is in
connection with the compartment angle of
inclination and results in a form of free surface
plane rotation relatively to the compartment sides.

- M

m
inertia, manifested in the additional shift of its
centre of gravity;

- M

A4
velocity, explained by the loss of liquid volume
motion energy due to friction forces.

By using an increment for a metacentric height, the
influence of liquids with free surface on ship stability
may be taken into consideration within the limits of
linear approximation and the restoring moment can be
presented in the form of

M(@)=p - V(GMy—-06GM)- ¢

- is the component caused by the shifting of

- is the component caused by the liquid mass of

- is the component related with the angle

(15)

where, stability reduction factor due to free surface
effect can be determined from the relation

Zl'a)2

SGM (@) = SGM; (1 + )- Q) (@)cos & ()

where: Z; is the distance between liquid mass centre
and ship’s centre of gravity, 2;(@) is the amplitude-
frequency characteristic, f ] (w) is the phase-frequency

characteristic and OGM / is the correction for free

surface applied to metacentric height.

During motion in a seaway, the intensity of liquid
cross-flow from side to side of the compartment, is
increased by the liquid sloshing and thus will lead to
decreasing of ship’s resistance to the effect of external
heeling moments. This decrease will be more
pronounced in case of ships in damaged condition with
flooded high positioned decks or platforms.

6. CONCLUSIONS

An essential element of ship stability assessment is
the movements of liquids inside partly filled tanks which
however, presently is based only on a static approach
with the use of free surface corrections. A more reliable
assessment of ship stability is the dynamic approach
towards liquid sloshing phenomenon. As being a
complex approach, the studied phenomenon depends on
a various important variables and thus cannot be
considered only with the use of some simple formulas as
in the situation of static approach. A dynamic approach
of sloshing phenomenon looks to be close to reality as it
enables more reliable assessment of ship stability. As the
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phenomenon of sloshing depends on a list of various and
essential variables, it cannot be characterized only with
the use of simple formulas like in the case of the static
approach.

It was demonstrated that the free surface moment is
far to be a constant value as the vessel’s heel angle is
modified. For this reason, it is recommended that the
assessment of ship’s intact stability at large angles of
inclination should take into account the effects of free
surfaces in tanks by modelling the actual position of the
fluid in tank rather than approximating this effect from
the tank free surface in the upright condition.

In the future addressing problem of partly filed
tanks with influence on ship stability it is very important
to be established when the sloshing has the maximum
effect in respect with the level of the liquid, in order to
be avoided. Moreover, the interaction between roll, sway
and liquid motion it is important to be studied having in
view the effects that the sway motion of the ship can
cause the sloshing of liquids in compartments or tanks
on board ships.
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ABSTRACT

Safety was and still is the most important aspect of activities onboard ships. In time, due to development of new
threats against sea transport, security becomes the same importance with safety. Achieving of the present standards
regarding ship, personnel, passengers and environment safety and security can be realized through a specific training.
Taking in consideration actual requirements related to maritime transport safety and security, in particular at
management level, Constanta Maritime University, in cooperation with Varna Naval Academy, have decided to initiate
and develop a Master degree programme dedicated to training in these matters. This project is possible with the support
of International Association of Maritime University (IAMU) and The Nippon Foundation in Japan. In the present paper
is intended to present the objectives and goals of the project entitled “MAREM — Enhancing management capacity of
the maritime industry personnel”.

Keywords: Safety, security, cooperation, master degree programme, IAMU research project

1. INTRODUCTION 2. THE “MAREM” PROJECT

Today, the safety and security of life at sea, The complexity of modern maritime transport and
protection of the marine environment and over 90% of the increasing risks related to safety and security lead to
the world’s trade depends on the professionalism and a significant challenge to maritime education. The
competence of seafarers. The IMO’s International growth of international maritime trade, combined with
Convention on Standard of Training, Certification and the increased threats on maritime safety and security,
Watchkeeping for Seafarers (STCW), with all lead to the necessity of better trained personnel onboard
amendments made, is the only one internationally-agreed ships, able to manage these new situations and satisfy the
Convention to address the issue of minimum standards highest levels of safety and security requirements on
of competence for seafarers, and, in the same time, to seas.
provide effective mechanisms for enforcement of its In line with this, the overall objective of the
provisions. “MAREM” project is:

Safety on board ships has come a long way in A) To develop a novel approaches for maritime
reducing accidents, but there is still a lot of scope to academic safety and security programs that meet the
improve safety. Most of the accidents at sea are due to requirements of modern maritime industry. The idea is to
human error, which can be reduced by proper training achieve the objective by establishing a Master degree
and motivation. Accidents mainly happen due to lack of program in Maritime transportation safety and security.
management, taking shortcuts, complacency, attitudes, Taking into account, on one hand, that maritime
etc. The responsibilities to avoid incidents based on transportation is international by nature, and on the
safety and security flow from the top management other, that the International Association of Maritime
levels, from the shore establishment to onboard Universities (IAMU) goal is to develop a comprehensive
management officers, especially to the Master, to each Maritime Education System for following generations,
and every individual onboard. the initial Master degree program is to be established in

The dynamic nature of the regulatory environment cooperation between two maritime universities -
for security in the international trade and maritime Constanta Maritime University (Romania) and "N.
transport requires that personnel involved have to Vaptsarov" Naval Academy (Bulgaria).
maintain an active awareness of new or evolving Therefore, the project objectives are:
requirements that may apply to their vessels and B) To establish an international cooperation in the
operations. This means being able to integrate the latest area of modern maritime education. The cooperation
requirements into their existing security plans, to achieve between maritime institutions is not completed by the
the desired level of compliance with the letter and intent involvement of two universities. The project relies on
of the new regulations. In this way, is required that academic participation of a wide variety of
personnel with duties on ship security to maintain an representatives from the maritime community: maritime
awareness of changes or additions to the expanding industry representatives, involved authorities, Black Sea
universe of domestic and international regulations that maritime universities, members of the International
may have an impact on their ability to maintain a secure Association of Maritime Universities.
operating environment. In this context and taking into account the

International Association of Maritime Universities
(IAMU) goal for preparing and developing standardized
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Undergraduate  Curricula and an International
Certification System for Competency, the following two
additional projects objectives are valid:

C) To establish a common understanding on the
priorities of modern maritime education and a basis for
common standards for maritime competency of the
management personnel;

D) To enhance the cooperation and communication
between maritime universities and maritime industry in
the area of advanced maritime education and training.

3. ACTUAL CONSIDERATIONS ABOUT
MARITIME SAFETY

The maritime safety has main objectives the
reduction and elimination of accidents which involve
injuries to ship’ personnel and damage to property and
the environment. These objectives can be reached
through strong principles about safety. Accidents are the
last step in a chain of deficiencies. To avoid accidents is
necessary to eliminate previous deficiencies. Elimination
of these deficiencies is made through safety policies
applied in different activity sectors onboard ship, like
safety of navigation or safety of ship operations.

In the maritime field, safety has to be seen as a
culture and to be applied in all activities. From this point
of view, safety is of interest of all management level
officers, because improving of it saves lives and as well
as money. When makes references to safety culture,
experts commonly describe it as the values and practices
that management and personnel share to ensure that risks
are minimised and mitigated to the greatest degree
possible. In a way, can be said always safety is the first
priority. With a true safety culture, every crew member
thinks about safety, and new ways of improving it. The
cause of practically every unsafe incident can be traced
to some form of human or organisational error. If people
think about safety continuously, many accidents simply

will not happen because virtually all so called
“accidents” are in fact preventable.
For the analysis of maritime safety levels,

International Maritime Organisation use concepts like
Human Element Analysing Process and Formal Safety
Assessment. The Human Element Analysing Process is a
practical and non-scientific checklist to assist regulators
in ensuring that all the human element aspects related to
the ship and its equipment, and the master and his crew,
have been taken into consideration.

Formal Safety Assessment is a structured and
systematic methodology, aimed at enhancing maritime
safety, including protection of life, health, the marine
environment and property, by using risk and cost/benefit
assessment. This concepts can be used as a tool to help
in the evaluation of new regulations for maritime safety
and protection of marine environment or making a
comparison between existing and possibly improved
regulations, with a view to achieving a balance between
the various technical and operational issues, including
the human element, and between maritime safety or
protection of marine environment and costs.

An important step for increasing safety was done
with the ISM Code implementation. The ISM Code
brings policies and procedures used for a more valuable
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safety in all ship operations. In this spirit, a proper
implementation of the ISM Code should result in a
safety culture onboard ship. With all of these, can be a
difference between complying with the letter of the ISM
Code and fulfilling its spirit, the conscious practice of an
attitude to safety in which all accidents are seen as
preventable, and everything reasonably possible is done
to ensure that accidents are actually prevented.

The achievement of a total safety culture goes
beyond compliance with the ISM Code since it can
provide a means of maximising the benefits and cost
savings. As secafarers, may be compelled to follow
certain procedures, but, as people, cannot be compelled
to believe in these procedures or to think about the safety
implications of everything that they are doing.

In order to maintain the required levels of safety,
seafarers in charge with these matters, need to address all
activities undertaken in the operation of the ship together
with possible situations that may arise which would
affect the safety of the ship or its operation. These
activities and situations will involve varying degrees of
hazard to the ship, its personnel and the environment.
Careful assessment of these hazards, and the probability
of their occurrence, will determine the severity of the
risks involved.

In the actual context of maritime activities,
professional skills related to maritime safety are, but not
limited to:

e maintain a safe navigational, engineering and
radio watches and a general surveillance of the
ship;

o manoeuvre the ship in safety conditions;

o manage the safety functions of the ship during all
operations;

o perform appropriate operations for the prevention
of damage to the marine environment;

e maintain the safety arrangements and the
cleanliness of all accessible spaces to minimize
the risk of fire;

o ensure a safe carriage of cargo during transit;

e inspect and maintain, as appropriate,
structural integrity of the ship;

e operate the main propulsion and auxiliary
machinery and maintain them in a safe condition
to enable the ship to overcome the foreseeable
perils of the voyage.

For certain categories of vessel, such as tankers, are
laid down special training provisions, required for this
type of vessel. For this categories of vessel there are
particular mandatory minimum requirements concerning
the training and qualifications of seafarers serving on
board these specific categories of vessel. Related to
safety, following matters have to be considered by
seafarers, especially by those at management level:

o to provide safe practices in operation and a safe

working environment;

o to establish safeguards against all identified risks;

e to maintain a continuous improvement of safety
management skills, including preparing for
emergencies related to safety and environmental
protection.

the
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4. BEST PRACTICES IN MARITIME
SECURITY

Last years has seen a significant number of security
regulations promulgated that are applicable to the
maritime industry. Many of these share common
imperatives, such as developing and maintaining current
security plans and ensuring that appropriate training are
provided. Some are specific to certain sectors of the
maritime community and were developed to address
deficiencies in the preventive security measures
established mainly by ISPS Code.

All of this begs the questions of exactly who is
responsible for what regulations as they apply to a
specific port or vessel and how to effectively integrate
these changes into the existing security structures and
training curricula.

It is essential that security programs to maintain an
active awareness of changes in the security regulations
that pertain to their operations so that the training
requirements and curriculum for the onboard personnel
with designated security duties may be tailored to
address both the letter and intent of the requirements.
Training programs that focus solely on “checking the
box” compliance for meeting the letter of the
requirements, without addressing the accompanying
practical components needed to achieve functional
compliance, may not survive a due diligence evaluation
by the agencies responsible for oversight and
enforcement.

The specialised training regarding ship security is
developed according to requirements stated by the
International Ship and Port Facility Security Code (ISPS
Code), which is a comprehensive set of measures to
enhance the security of ships and port facilities,
developed in response to the perceived threats to ships
and port facilities. In essence, the ISPS Code takes the
approach that ensuring the security of ships and port
facilities is a risk management activity and that, to
determine what security measures are appropriate, an
assessment of the risks must be made in each particular
case. The Code intent to provide a standardised,
consistent framework for evaluating risk, enabling
responsible entities to offset changes in threat with
changes in vulnerability for ships and port facilities
through determination of appropriate security levels and
corresponding security measures.

The Code framework for ship security includes
requirements like ship security plan, ship security
officer, company security officers and certain onboard
equipment. In addition, the following requirements are
included: monitoring and controlling access, monitoring
the activities of people and cargo, ensuring of
availability of security communications.

Taking all of these in consideration, a person in
charge with security onboard vessels have to comply
with following requirements in order to protect the ship
and the crew:

- to establish a framework to detect security
threats and take preventive measures against
security incidents affecting the ship;

- to establish roles and responsibilities for
ensuring security;
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- to ensure the early and efficient collection and
exchange of security-related information;

- to provide a methodology for security
assessments so as to have in place plans and
procedures to react to changing security levels;

- to ensure confidence that adequate and
proportionate maritime security measures are in
place.

5. CHALLENGES FOR TRAINING IN
MARITIME SAFETY AND SECURITY

Taking account the latest considerations about
maritime safety and security, the maritime education and
training have to be an active part of the maritime
industry. This participation need to be made through
specialised trainings, especially in these areas of interest
where is most necessary. Safety and security needs in the
maritime activities are in a continuous changing. New
requirements are issued by international and national
organisations in order to cover as much as possible all
dangerous situations which can be met during ship’s
operation. The compliance with these requirements is
reached through an adequate training.

An adequate training is based on competencies.
Through competencies are reached the necessary level of
knowledge in any field of activity. Maritime safety and
security is one of the activities where is required a
specific level of knowledge and understanding, to be
able to react and minimize any possible threat on safety
or security of the ship.

Related to maritime safety, the following abilities
are considered as necessary to be created following to a
specialised training program:

- to have knowledge of the general dangers

involved in shipboard operations;

- to understand the role of the safety policies;

- to understand the importance of identifying

general hazards and spreading safety awareness;

- to carry out a risk assessment procedure;

- to be able to carry out accident investigation;

- to be able to handle stress and fatigue and to

understand its implications to dangerous
situations and accidents;
- to be able to apply the Formal Safety

Assessment methodology;

- to understand the technological progress for
safety reasons;

- to know the difference between monitoring
diagnostics, management and control systems;

- to be able to deal with matters involving vessel
safety systems;

- to be able to deal with matters involving public
safety control;

- to understand the technological progress in
navigation technology;

- to be able to apply the rules of the safe
navigation;

- to be able to exchange general information on
safety equipment carried by ships.

For maritime security training, the following

abilities have to be considered:
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- to be familiarized with matters related to
maritime transport;

- to be able to understand the current threats
against maritime vessels;

- to be able to identify the risk factors which can
lead to dangerous situations for ship;

- to know and understand responsibilities related
to security matters;

- to be able to apply the relevant security
policies;

- to conduct ship security and associated risk
assessment;

- to be able to implement effective search
mechanisms and security controls;

- to be able to identify, recognize and response to
different security threats;

- to be able to take actions for ship security;

- to deal with stowaways and piracy;

- to be able to identify weapons and improvised
explosives devices;

- to know the capabilities and limitations of
security equipment and systems.

6. MASTER DEGREE PROGRAMME ON
MARITIME SAFETY AND SECURITY

As one of the main objective of the project, the
master degree programme is developed starting from
identified considerations, visions and trends in the field
of maritime safety and security. The approach of these
subjects will be done at a management level manner,
considering practical experience and knowledge already
acquired by the trainees during their previous activity on
ships.

Considering these aspects and the European and
international requirements for master degree training,
present master programme is organised on three
semesters of 15th weeks, with 1350 study hours,
lecturers and applications. In the same time, at the end of
this programme, a graduate will collect a number of 120
ECTS.

As structure, every semester have four courses,
except the last one, dedicated mainly to final paper
preparation. First semester is intended to cover subjects
regarding maritime safety matters, when the second
semester is more focused on security matters.

At the end of the master degree programme, the
trainees will have a complete knowledge about
identification of safety problems and security threats and
will be able to successfully apply solutions to minimize
or eliminate completely these problems.

7. MANAGEMENT OF SECURITY THREATS

The first course developed as part of the future
master programme, was ‘“Management of security
threats”. This course was created and generated by
project team members from Varna Naval Academy.

This course aims to prepare new recruits for a life at
sea, to give them profound knowledge and enough
practical exercises considering: genesis, types and
current Maritime Security Threats, methods of
conducting through the analysis of the risk for the
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Maritime Security, the basis of the management’s risks
for the Maritime Security. It also aims to give a lot of
examples about opposing against Maritime Security.

The expected objects of this course must be
accomplished through the realization of the main tasks:

First - those who successfully complete this course
will claim knowledge about:

- Current problems of the Maritime Security and

basis of Strategy for Maritime Security
Management;
- Legal regulation of Maritime Security -

International, Allied, Regional and National
regulations;

- Special features of the European requirement for
Maritime Security — Directive 65 — Regulations
725;

- Politics about Maritime Security — Global,
Regional, National;

- Current Maritime Security Threats — Typology
and Nature;

- Definition, frames, factors for the beginning of
the terrorism, piracy and armed robbery,
stowaways, organized crime, internal sabotage,
inter-state hostilities;

- Methods for valuation the risk of a critical
marine unit’s security;

- Fundamentals of Scenario Approach in Maritime
Security;

- Organization and qualities of the main parts of
the National System of Maritime Security;

- Bases of the security assessment of a critical
marine unit;

- Intelligence and Maritime Forces and their Role
in Maritime Security;

- Mitigation Strategies for Enhance Maritime

Security;

- Maritime security equipment;

- Maritime security ~ responsibilities  and
authorities;

- Bases of the security of a critical marine unit;

- Maritime Security Administration;

- Ship and Port Security Contingency Planning;

- Organization of the tuition of opposing against
Maritime Security Threats;

- Methods for conducting tuition and trainings
considering the Maritime Security;

- The meaning of the computers in the Maritime
Security trainings.

Second - those who successfully complete this course

will be able to:

- Defining the frames of analysis of each threat
against the Maritime Security — historical,
geographical, legal;

- Identification of potential main points of the
Maritime Security Threats;

- Revealing the connection of actual
Security Threats;

- Making analysis of Maritime Security Threats;

- Making valuation of the situation in the
Mediterranean-Black sea region

- Prognosticating the development of the main
Maritime Security Threats in the Mediterranean-

Maritime
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Black sea region;

- Extraction of useful lessons from past Maritime
Security Threats;

- Fulfillment of the main steps of the methods of
security assessment of a critical marine unit;

- Application of Scenario Approach in Maritime
Security Threats;

- Applications of Scenario Approach in Maritime
Security Vulnerabilities;

- Orientation in the mission, functions, tasks and
the organization of a National Maritime Search
and Rescue Coordinative Center;

- Using of the main Maritime Security Equipment;

- Putting the main points from the different plans
of security into practice;

- Organizing the interaction between the National
Institutions with responsibilities of the Maritime
Security;

- Reacting in different situations of Maritime
Security.

After the successful completion of the course of

education the recruits could:

- Work as an expert in National Governmental or
Non-Governmental organizations, connected to
the and the Maritime Security and Safety.

- Work as an expert in International, European and
Regional structures, connected to the Maritime
Security and Safety.

- Work as an expert analyzing the risk in
recognized organization for Maritime Security.

- Work as an officer or expert of Security in the
National Maritime and Port Administration.

- Work as an officer or expert of Security in the
Ship Company.

- Raise his qualification as an officer from Naval
Forces in the Naval Coordination and guidance
of shipping as a tool of Maritime Security.

The teaching programme satisfies completely the
demands of the National Standards for preparation of
different officials, considering the questions of the
Maritime Security. After taking the necessary exams in
the National Maritime Administration, the student could
be certificated as an Officer of the Security of the
Company, port facility equipment, or if the officer is a
certificated seafarer as an Officer of the Security of a ship
for International Sailing considering the ISPS Code and
the Manila Supplements of the STCW Code. An
additional advantage for the trainees, successfully taken
the course, is the knowledge about ATP-2 vol II, given
them effective knowledge for their interaction with the
Naval Forces.

8. SAFETY BASED SHIP DESIGN

Second course scheduled was “Safety based ship
design”, created by lecturers from Constanta Maritime
University, members of project teams.

Safety based ship design aims at a systematic
integration of safety risk analysis in the design process
with prevention and reduction of risk to life, property
and environment, embedded as a design objective,
alongside standard design objective such as speed, cargo
capacity, passenger capacity, and turnaround times. This
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implies the adoption of a methodology that links safety
risk prevention/reduction measures to ship performance
and cost by using relevant tools to address ship design
and operation. This can be considered a radical shift
from the current treatment of safety, as a design
constraint imposed by rules and regulations. The present
concept offers freedom to the designer to choose and
identify optimal solutions to meet safety targets. For
safety based ship design to be realized, safety must be
treated as a life cycle issue, which in turn implies focus
on risk-based operation and need for a safety-based
regulatory framework.

Safety based ship design is expected to satisfy the
international maritime industry need to deliver ever more
innovative and competitive transport solutions to their
customers as well as a wider societal need for
increasingly safer transport. Is expected this concept to
deliver the foundation for the maritime sector to sustain
world-leadership on safety-critical and knowledge-
intensive ships, maritime services, products, equipment
and related software.

Having successfully completed the course, the
student will be able to demonstrate knowledge and
understanding of:

- Tools and methodologies used in ship design

process

- Statutory and regulatory requirements in ship

design

- Needs to integrate safe design and operation

within the ship design process

- Safety assessment methodology and

acceptance criteria in ship design

- Concept of reliability based design in ship

building

- Design principles and criteria

- High-level approval process for novel and risk

and safety based design

- Operation of safety based designed ships

- Role of safety based ship design in collision and

grounding

- Ship damage stability and survivability

- Safety based design for fire, explosion and

evacuation in these situations

risk

Having successfully completed the course, the
student will be able to:

- Apply design tools and synthesise safety
information

- Apply the methodology and tools used in
the ship design process

- Interpret and apply statutory regulations
and classification rules

- Estimate suitable dimensions according
with the safety requirements, carry out
checks on ship capacity, mass balance
and compliance with statutory
regulations, including assessment of ship
economic viability

- Ensuring the arrangement meets the
requirements for layout, capacities,
choice of deck equipment and machinery,
safety and statutory regulations
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9. CONCLUSIONS

From the beginning, the maritime transport was the
most profitable way for goods carrying, and the safety
and security of this have to be treated as an important
part. Problems related to ship safety and security affect
the entire personnel, but, main responsibility for these
are at management level.

To avoid problems generated by the missings of
ship safety or security systems, need to exist specialized
training for those in charge with these aspects. This was
one of the reasons for designing and realization of the
master degree programme in maritime safety and
security.

At graduation, trainees will be able to understand
risks and threats for ship safety and security and will be
able to manage in a right manner these situations to
protect ship, personnel, passengers and the enviroment.
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EXTREME WEATHER CONDITIONS DUE TO EX-TROPICAL CYCLONE OSWALD

BOSTINA ALINA-LUCIA
Constanta Maritime University, Romania
ABSTRACT

In January 2013, ex-Tropical Cyclone Oswald and associated monsoon trough passed over parts of Queensland and
New South Wales, Australia over a number of days, causing widespread impact including severe storms, flooding, and
tornadoes. Coastal regions of Queensland were the most impacted with Mundubbera and Bundaberg in the Wide Bay-
Burnett hit severely. In the wake of Oswald, torrential rain and record breaking winds, tidal surges, and even tornados
rushed over the East Coast. In many places the rainfall total for January set new records. Across the affected region,
damage from severe weather and flooding amounted to at least 2.5 billion$

Keywords: ex-tropical cyclone, Queensland, hazard, flooding, damages, storm surges r.

1. INTRODUCTION 2. CYCLONE - A HAZARDOUS
PHENOMENON

The cyclone Oswald had formed in the Gulf of
Carpentaria just north of Australia. It was degraded to an A cyclone is a violent storm characterized by high
ex-tropical storm when making landfall on Queensland’s winds rotating about a calm center of low atmospheric
coast on January 22. Slowed down by a low pressure pressure that can produce winds in excess of 200 km/h
system, the storm hugged south-east Queensland for which can cause extensive damage and result in death or
days before moving further south towards New South injury caused by flooding, buildings collapsing or flying
Wales. debris into dangerous missiles.

This event is a meteorological hazard for the area Cyclones can also bring flooding rains, which cause
where it occurs. There are situations in which tropical further damage to property, and increase the risk of
cyclones occurs predictable and known limitations, and drowning.
cases in which such phenomena translates into material Many cyclones also bring about storm surge, which
losses and even victims. is a rapid rise in sea level that moves inland very

During cyclones, many treacherous acts of nature quickly. Storm surge can damage buildings and cut off
can occur. Some of which include high wind speeds, evacuation routes and be the cause of injuries and
heavy, on-going rain, flooding, and even miniature sometimes death.
tornadoes. Sadly, cyclone Oswald possessed all of these While most deaths from cyclones occur as a result of
attributes which plagued the east coast of Australia and drowning, many lives have been lost due to collapsing
caused a terrific amount of damage to the cities, streets, buildings or flying debris which can become lethal in
and neighborhoods. high winds.

The terminology of hazard analysis is often used
inconsistently. In common language “hazard,” 3. CYCLONE IN QUEENSLAND, NORTH
“vulnerability,” and “ risk” are often used almost EASTERN-AUSTRALIA
interchangeably.

These terms, however, all have dist inct meanings: Tropical cyclones typically form close to the
Hazard refers to the occurrence of the actual event that equator in the southwest Pacific Ocean. It is from the
threatens human development . warm equatorial waters that cyclones derive their energy.

Vulnerability refers to the susceptibility of human Most cyclones play out their whole life in the tropics.
development to harmful impacts of that hazard. Sometimes though, a few cyclones migrate out of the

Risk refers to the likelihood of suffering harm from tropics into the mid-latitudes, close to New Zealand. As
the hazard in question. they move south into cooler waters generally, their

Definitions: central core cools causing the cyclone to weaken. Some

A hazard is any agent that is reasonably likely to cyclones can re-intensify to become mid-latitude "ex-
cause harm or damage to humans or the environment tropical cyclones".
with sufficient exposure or dose. Queensland is vulnerable to many natural and man-

Risk is the probability that exposure to a hazard made hazards. Every year between November and April,
will lead to a negative consequence, or more simply, the coastal regions of Queensland are at risk of being
Risk = Hazard x Dose (Exposure). hit by cyclones.

A hazard poses no risk if there is not exposure to that The risk of storm surge is the most dangerous
hazard. hazard associated with cyclones and can cause flooding

of low-lying coastal areas. Most cyclone-related deaths
are from drowning in a storm surge or flood.
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Storm surges happen when the high winds of a
cyclone whip up the sea, generating a massive
movement of seawater inland that can last several hours.
They are at least 50 kilometres wide and can be up to
several metres high. Storm surges can swamp coastal
areas. Low offshore islands may be completely
inundated. The damage is worse when a storm surge
coincides with high tide or river flooding. The
combination of storm surge and normal ocean tide is
known as "storm tide".

Queensland's weather systems are changeable and
unpredictable.

4. CASE OF OSWALD EX-TROPICAL
CYCLONE, QUEENSLAND, AUSTRALIA,
JANUARY 2013

The low pressure system that was tropical cyclone
Oswald is continuing to wreak havoc across the state,
five days after it made landfall on Cape York Peninsula.

NASA's Aqua satellite passed over Oswald's
remnants on January 25 at 14.58 UTC (9:58 a.m.
ES/U.S.) as it hugged the southeastern coast of
Queensland, dumping heavy rainfall.

Ex-tropical cyclone Oswald doesn't know when to
stop causing problems for Queensland, Australia, and
teamed up with a low pressure area, it continues to bring
heavy rainfall. NASA's Aqua satellite passed over the
remnants and saw Oswald hugging the southeastern
Queensland coast.

On Saturday, January 26 at 4 a.m. Queensland local
time (or 3 p.m. EST/U.S. on Jan. 25) ex-Tropical
Cyclone Oswald was located over land in Queensland,
Australia, about 55 nautical miles (63 miles/ 102 km)
northeast of Emerald and 85 nautical miles (97.8 miles/
157.4 km) west northwest of Rock Hampton. Oswald
and a trough of low pressure are bringing heavy rainfall
to eastern Queensland. The trough, an elongated area of
low pressure, stretches from the southern Gulf of
Carpentaria to ex-Tropical Cyclone Oswald and over to
the southern Capricornia coast. Ex-Tropical Cyclone
Oswald and the trough are expected to continue moving
southwards over the next few days.

Residents have expected gusty winds, rough seas,
heavy rainfall, and possible flash flooding.

There were gale warnings in effect over many areas,
including: St. Lawrence to Burnett Head; Burnett Heads
to Double Island Point, including Hervey Bay; Double
Island Point to Point Danger, including Moreton Bay;
and Bowen to St. Lawrence.

According to the Australian Bureau of Meteorology
(ABM), on January 25 at 2 p.m. EST, the heaviest
rainfall was occurring over the southern Capricornia
district. ABM noted that rainfall in excess of 27.5 inches
(700 mm) in less than 2 days, leading to rapid river and
stream rises in the area.

The extreme weather system across eastern
Australia is caused by the remnants of Tropical Cyclone
Oswald which began in the Gulf of Carpentaria near
northern Australia.

Three people have died in Queensland as the remnants of
Tropical Cyclone Oswald continue to wreak havoc in
eastern Australia.
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Three people have died in Queensland as the
remnants of Tropical Cyclone Oswald continue to wreak
havoc in eastern Australia.

More than one meter of rain has fallen in the state in
a twenty-four hour period.

People living in Sydney have been warned to expect
torrential downpours as the ex-tropical cyclone moves
slowly down the New South Wales coast.

The state capital, Brisbane, has been hit hard:
around 200,000 houses are without electricity and many
roads are closed.

In the Queensland city of Bundaberg, 300
kilometers north of Brisbane, 1200 properties have been
flooded and helicopters have been used to rescue 18
people from their rooftops.

In the small beach town of Mooloolaba, Queensland,
weather conditions have churned sea water producing
foam on the land.

Todays rainfall

WIATCH MORE VIDED >

SEARCHES have resumed for at least three people feared drowned in floodwaters, as
the wild weather lashing parts of Queensiand and New South Wales intensifies.

Rescuers are also batiling to reach 30 people trapped on rooftops in the flood-hit city of
Bundaberg. where flood records are set to be broken.

Fig.1 Queensland Weather in Media

On January 27, the Australian Bureau of
Meteorology Brisbane issued a High Seas Weather
Warning announcing storm force warning for north-
eastern area. Ex- tropical Cyclone Oswald has 994 mb
(hPa).The forecast tell about NW to NE winds 34 to 45
knots. Wind reaching 45 to 50 knots within area bounded
by 26.5S 153E to 26.5S 155E to 28S 155E to 153E,
easing below 45 knots after 00.00 UTC in 28 January.
Also are predicted scattered squalls with gusts to 65
knots, very rough to high seas and moderate to heavy N
to NW swells.

All ships in area are requested to send weather
reports every three hours using normal channels.

On January 28, for people in the Southeast Coast
and parts of the Wide Bay and Burnett and darling
Downs and Granite Belt Forecast Districts has issued a
Severe Weather Warning.

At this time, the system of low pressure was
moving east southeast at about 10 km/h and was
expected to move into New South Wales later.

This warning is for damaging wind gust in excess of
90 km/h that still occurring in central and southern parts
of Southeast Coast district. And locally destructive wind
gust in excess of 125 km/h are also possible, chiefly in
coastal and elevated areas south of Brisbane. Wind gusts
of 90 km/h have been recorded in coastal areas around
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Moreton Bay. Rainfall has eased throughout the area.
Heavy rainfall which may lead to flash flooding is no
longer expected. Flood Warnings remain current for
various rivers and streams in these districts. Water levels
on the morning's high tide are likely to exceed the
highest tide of the year about coastal and island location
of Burnett Heads to the New South Wales border. The
sea level is likely to rise above the normal tide and the
exposed beaches will experience damaging waves and
flooding of some low lying areas close the shoreline.
Also, there are dangerous surf conditions, with
significant beach erosion, that continue along the coast
from Double Island Point to the New South Wales,
including northern parts of Moreton Bay.

The same day, January 28, Australian Government
Bureau of Meteorology issued Coastal Waters Wind
Warning. At 4 a.m. EST, Ex-Tropical Cyclone Oswald
was located over land about 108 nautical miles west
northwest of Brisbane and was moving east southeast at
6 knots and is expected to move across the New South
Wales border, later.

For area Burnett Heads to Double Island Point,
including Hervey Bay is announced Gale Warning, N to
NE winds 34 to 40 knots, easing to 25 to 33 knots by
around sunrise and scattered squalls with gusts to 55
knots. Also, seas 5 meters, with a 4.5 m E to NE swell.
Waves and swell breaking dangerously inshore.

In Double Island Point to Point Danger, including
Moreton Bay there was Storm Force Wind Warning.

NW to NE winds 40 to 45 knots, reaching 45 to 50
knots at times. Winds decreasing to 34 to 40 knots
during the afternoon. Scattered squalls to 65 knots.

Seas 4 to 5 meters, reaching 6.5 m south of Noosa.

Waves and swell breaking dangerously inshore.
In the following figure (2) is an overview of the weather
in the Gold Coast, for data 28th and 29th January, near
the end of the range of expression of ex-tropical cyclone
Oswald.
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In Figure 3, the map shows the distribution of
isotherms in the upper layer of water in the period
analyzed in this paper.
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6. AREAS AFFECTED BY CYCLONE OSWALD
AND CONSEQENCES

Areas affected by cyclone Oswald and conseqences:
Brisbane, Sunshine Coast, Gympie, Bundaberg,
Gladstone, Sydney and Northern part of New South
Wales.

Gladstone: 900 homes evacuated with Boyne
Island and Tannum Sands both experienced
unprecedented flooding. Homes flooded up to their
ceilings at Baffle Creek.

Bundaberg: body of elderly man pulled from water
at Burrum Heads. Burnett River breaks its banks, up to
100 homes and businesses flooded with fears up to 200
others could be inundated, disaster declaration covers
most low-lying suburbs. Region hit by six tornadoes.

Gympie: man missing in floodwaters after trying to
cross Widgee Creek. People rescued from roofs in
Widgee and Sexton, authorities searched for a woman
who was last seen driving into floodwaters.

Sunshine Coast: storm surges, 125 km/h winds and
torrential rain, about 26500 homes without power,
evacuation centers set up at Nambour, Noosa and
Caloundra.

Brisbane: up to 3600 properties was inundated,

cyclonic winds and torrential rain, about 19000 homes
without power, winds of 125 km/h, equivalent to a
strong category one cyclone.
New South Wales: An estimated 41000 people were
temporarily isolated by flooding in New South Wales. In
the Tweed Valley the Tweed River peaked at 3.3 meters
on the 28 January, the highest level recorded in 30 years.
In Grafton the Clarence River peaked a new record
height of 8.1 meters. Records for the river height in
Grafton go back to 1839.The city's levee was credited
with preventing more severe flooding. Despite that,
around 1500 people who lived closed to the Clarence
River were asked to evacuate on the night of 28 January.
Maclean was spared flooding from the Clarence River
due to the town's levee. The Clarence Valley was not as
fortunate with many properties cut-off and without
power. The area was officially declared a disaster zone,
as was the Tweed Shire.
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7. CONCLUSIONS

Many areas of the world are vulnerable to a lot of
natural and man-made hazards.

Queensland's weather systems are changeable and
unpredictable. The risk of storm surge is the most
dangerous hazard associated with cyclones and can
cause flooding of low-lying coastal areas. Most cyclone-
related deaths are from drowning in a storm surge or
flood.

The entire state Queensland and especially the Gold
Coast have suffered greatly due the consequences of
Oswald cyclone. Social life, all types of transport, many
economic activities, especially tourism have felt the
effects of the period of manifestation of cyclonic
activity. In addition to material losses and expenses
incurred for the restoration of affected areas, many
losses were due to disruption of the tourist season, which
peak during that time. Such phenomena show
unexpected ways represents a hazard for the area, the
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area is at risk of cyclones in various points during the
year.
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MODELATION OF THE OSCILLATORY MOTIONS OF THE SHIP FOR THE
MEDITERRANEAN SEA NAVIGATION CONDITIONS, USING THE OCTOPUS
SOFTWARE
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ABSTRACT

The paper presents a complex study about oscillatory motions of a ship for offshore industry in the Mediterranean
Sea conditions of navigation. Geometrical, constructive and hydrodynamic particularities of these special vessels make
interesting and also necessary — for safety of the navigation and operation of the ship — this study for the ships
movements, considered as a rigid body with six degree of freedom. The study provides information regarding RAO
(Response Amplitude Operator) operator of the ship for the displacement of gravity centre of the ship, related with the
incident wave systems in the Mediterrancan Sea, interpreted by the Jonswap energy spectrum, and other several
conclusions. For the study, are used features offered by OCTOPUS as a tool for modelling and simulation — software
that allows the study of the computerized behaviour of the ship on the waves in the real sailing conditions. Program
library was used for both the vessel itself and navigation modelling environment (for regular waves as well for the
irregular waves which was modelled using Jonswap energy spectrum).

Keywords: roll, pitch and heave motion; wave energy spectrum, RAO.

1. INTRODUCTION d) reduction of the march qualities due: worsening
propulsion system operation throughout driveline
Knowing the behaviour of the ship hull in large (propellers is out of the water and revolves empty, and to
seal, description of the complex process of interaction reinforce the water are overworked and causing shock in
between it and the fluid moving through, the analysis the system); ship speed reduction due to the increase
and prediction of marine phenomena with random events drag and malfunctioning thruster in heavy sea
are incentives for the development of theoretical and conditions; reduce the autonomy of the ship by
experimental studies towards establishing practical increasing energy consumption;
solutions aimed at reduce, even eliminate the limitations e) loss of line to perform oscillations, in the strong
and unintended consequences. impact of the hull and waves, resulting: seasickness
The main objective of the ship design architect is to appearance (accompanied by discomfort to passengers
satisfy operational requirements imposed by the owner and crew on board); vibrations due to appearance of the
and ensuring adequate water qualities sailing class slamming (hitting bow wave) whipping (hitting stern
falling. No doubt, the priority lies with safety of the ship, wave) and slams (repeated shocks) effects, under the
cargo and personnel carried on board. From this unfavorable impact of waves; worsening functioning of
perspective, the study of the general motions of the ship the board facilities and ancillary systems, subject to
as free rigid, navigation under real sea, it is an essential dynamic actions of the water craft on deck;
component of constructive, technical, economical and f) worsening of the elastic-plastic behavior of the
safety criteria, since the early stage of design. hull resistance due: general and additional local loads;
Among the issues that concern the study of naval general weakening of the resistance by fatigue.
architects and engineers, the general motions of the ship, Given the complexity of the problem, the random
it is noted with regard to: orientation factors involved, required advanced
a) deterioration or loss of buoyancy, which can programming languages and specialized software. These
lead to sinking ship (if not ensure a leak) as a high-performance programs are designed for the
consequence of flooding the bridge at the entrance of a numerical calculations and graphs in science engineering
board or extremities below the wave; and naval architecture also. They allow numerical
b) loss of transverse stability, which can lead to the analysis, matrix calculation, signal processing and
overthrow of the ship, caused by: a dangerous inclination graphics representations in a simple way, excluding the
of the ship on the side, determined by turning, in terms need for traditional programming prior.
of a high degree of agitation of the sea; rough roll
oscillations caused by wave action at resonance; 2. THEORETICAL CONSIDERATIONS
¢) worsening of the ship government caused by:
decrease maneuverability under unfavorable hydro- In 1950, the Society of Naval Architects and Marine
dynamic wave action on the rudder; loss of the road Engineers (SNAME) are imposed the symbols and
stability trough the drift phenomenon, by the adverse definitions for the linear and angular coordinates of the
action caused by wind and sea currents when, for various ship motions also for the forces and moments which

reasons, the steering system cannot operate;
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actions on the ship during the navigation on the real sea.

All this are summarized in the Table 1.

Table 1. SNAME symbols and notations for the general motions of the ship

TRANSLATIONS
Type of motion Linear coordinates Linear velocities Forces
[m] [m/s] [kN]
Longitudinal translation x . dx X
SURGE u=x=-7
Transversal translation ¥ . dy ¥
SWAY v=Y=o7
Vertical translation z . g8x z
HEAVE U=x—=—
ROTATIONS
Type of motion Angular coordinates | Angular velocities Moments
[rad] [rad/s] |[kKNm]
Rotation around the longitudinal axe @ _ ., de i
ROLL P=9=—_
Rotation around the transversal axe 2] . df M
PITCH q=6=—
Rotation around the vertical axe P . diy N
YAW rEY =0

Therefore, the general equations of motion of the
ship, considered as rigid with six degrees of freedom,
can be written using vectors:

=D m] m=k ¥ zZI' #m=[s & I
v=P01 ¥i] vy=[z v wff w.=[ a3 *F
=[] =] =[x ¥ 2z =z==[x M I (1)

where:

1 is the position vector of any point on the ship,
expressed in relation to the fixed reference system, with
the coordinates: ¥4, vector of the linear coordinates
which is characteristic for the translational movement;
Nz, vector of the angular coordinates which is
characteristic for the rotational movement;

v is the velocity vector of any point on the ship,
expressed in relation to the fixed reference system, with

the coordinates: V1, vector of the linear velocities, which

is characteristic for the translational movement; Vz,
vector of the angular velocities which is characteristic
for the rotational movement;

T is the vector of forces and moments acting on
the vessel at the point considered, expressed in relation

to the fixed reference system, with the coordinates: T1,

vector of forces; Tz, vector of moments.

In the study of general movements of the ship,
considered as a free rigid, it is used two reference
systems:

The mobile reference system. Noted 6&6¥s 25 | is
integral with the ship, originating in the center of

gravity, G, of it. Axes — longitudinal, GXz, positive
toward the bow, transverse, G¥z | positive to starboard;

vertical GZ& , positive to ship’s keel - are central axes of
inertia of the ship mass.

The fixed reference system. Noted @Xs¥5Z5, is

considered inertial, with the origin, @. in the plane of the
free surface of the calm water (without waves). The axes
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have the directions and senses same with the mobile
reference system, for the rest position of the ship.

Ship deviation from the equilibrium position, at a
time, £ , lead to changes in the relative position of the
two co-ordinate systems. The position and orientation of
any point on the ship, at the time, t, with respect to the
fixed reference system can be specified by six
independent coordinates: three are linear and described
translational movements; three are angular and described
rotational movements.

i

- .LJ.J":':?'

Figure 1 Reference systems

In agreement with the notation established in
Newtonian mechanics [6], translational and rotational
motions of a free rigid are given by the relations:

Fr=mlls 4+ o0 Xve + O X7pr + 00X (@ X1e)) 2)
My =6+ o X o)+ mrp; X [ + 0 Xv:) (3)
The general equation of motion of the ship, in a

vector form, referred to the moving reference system,
takes the form:
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M. + COp v, + D v + glp) = 7 + 7 4

where

Ve =V — T,

- relative velocity vector;

7.

- relative acceleration vector;

v=p] viI'=k v w p g 7

- overall velocity vector of the ship;

Ve = [v{f v;flr = [HE' UE' w:‘ u ﬂ U]T

- overall velocity vector of marine currents;

n=MmM7 #2f"=0[F ¥y =z ¢ & y]

- position vector of an arbitrary point belonging to the
vessel.

g

- generalized vector of restored forces and moments;

T

- generalized vector of the disruptive forces and
moments due to operations control and manoeuvre
executed with the propulsion and steering systems;

Tnr

- generalized vector of the disruptive forces and
moments generated by the currents and waves on the
wetted surface of the hull respectively by the action of
the wind on the sail area of the vessel;

M

- the matrix of the ship mass inertia and additional water
masses;

)

- complementary matrix for the ship motions and
additional water masses;

D)

- the damping matrix determined by the dynamic action
of the water on the ship surface caused by the moving of
the vessel.

The general equation of motion of the ship, in a
vector form, referred to the fixed reference system, takes
the form:

M G + C )i+ Do )i + g, @) = 7, 60) + 7, ()

)

took the
transformation matrix, ’{11], which allows to establish

In writing equation into account

the relationship between the position vectors, @ and
velocities, ¥'r, so:

{ i = Ja,
i = JGplir + JGpv (6)
{ v, =] @)
i = I — JG) T Crkil (7
where the notation has been made:
e o (v1tor) =" TN (-1 )@Cm(wr n) ®)
=J'(- T)(n)[c(vl Mﬂ Y 1) )@s (Dlv,rm)=
=J'(=1)n)Dlvr ) (1) @g,nlm)=
=J' (= T)n)eln) )@°(T¢Mf7( )=J"(-T)n)

In developing this theoretical support, a significant
contribution has brought Prof. T. Fossen, in his book
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“Guidance and Control of Ocean Vehicles”
contribution which involved:

- independent analysis of the various phenomena
and changes due to external disturbances, insisting on
the ways of coupling the motions of translation and
rotation;

- use superposition principle in assessing the
irregular and random behavior of the navigation
environment;

- application of modern analytical mechanics to
determine the inertia matrices and complementary;

- reasoned explanation of the additional mass
concept and theoretical process of the related
phenomena; adaptation and improvement " strip theory "
for use in resolving the issues raised by the
determination of hydrodynamic coefficients involved in
the equation of motion of the ship.

(4],

3. CASE STUDY

The case relevant
parameters:

a) OCTOPUS software

OCTOPUS-OFFICE 6 “BASIC” is used to calculate
the transfer functions of ship responses in waves
(absolute and relative motions, velocities, accelerations,
hull girder loads and linear combinations of responses).
The program has a built-in geometry modeller to prepare
2D- and 3D-models as input for the hydrodynamic
calculations (2D-strip theory or a 3D-diffraction
database can be used). Nonlinear sea state dependent
transfer functions are solved by means of stochastic
linearization. The program  features extensive
possibilities for graphical and textual reporting and
presentation, including export functions to MS Word and
Excel [8].

b) geometrical and constructive particularities for
the ship [5]

For the case study was chosen a FPSO vessel type.
A floating production, storage and offloading (FPSO)
unit is a floating vessel used by the offshore oil and gas
industry for the processing of hydrocarbons and for
storage of oil. An FPSO vessel is designed to receive
hydrocarbons produced from nearby platforms or subsea
template, process them, and store oil until it can be
offloaded onto a tanker or, less frequently, transported
through a pipeline. FPSOs are preferred in frontier
offshore regions as they are easy to install, and do not
require a local pipeline infrastructure to export oil.

The ship has a hull with bulbous in bow and aft in
mirror; the construction of rudder post adequate of
making a semi suspended rudder with weld caisson,
semicompensed, with hydrodynamic profile, done in
middle plane (having the shim area of surface
S, = A, =36,4m"); principal dimensions are: length

L=200,31 m, width B, =38 m, draught 7=8 m;
displacement  deadweight 43476 dwt; dynamic
mechanical particularities: service speed v=15 knots;
chain of propulsion is made by propeller with 4 fixed
blades, dispose in the middle plane (having the diameter
D=6,533 m, pitch ratio P/D=0,721 and disk ratio

Ap/Ay=0,64 at speed n=127 rot/min), an axial line

study has the following
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with speed reducer and one medium speed engine
6L52/55A, in four time, reversible, with supercharge and
direct injection, having nominal power P=6100 Hp and
rpm n=127.

A T 1 s e [ g
T

Figure 2 The body line of the ship

c) the navigation environment

In assessing the degree of agitation and irregularity
of the sea, particularly interested in the statistical
analysis of the elements "visible" or "apparent" wave
like apparent height or apparent period, and the
components of "invisible" such as operator RAO
(response amplitude), the average height of the waves,
their frequency or percentage achieving the repeatability
of these heights average in total number of time intervals
considered.

Thus, in international practice, use the following
indicators, essential for assessing the intensity of the
various schemes of agitation of the sea [2]: wave height
with 3% insurance, Mz ; significant height, "”'fz;
average wave period, Im; energy spectra for two-
dimensional (plane) waves, 5(w), respectively for three-

dimensional (spatial) waves, 5w ).

The Mediterranean Sea is characterized by waves
with height #=3 m, length 4 =74 m apparent
velocity € =113 m/s. In describing the degree of

agitation of the sea, the JONSWAP wave spectrum was
chosen.

06—
[
04—

0.3

Wave Spectral Density {m®/ He)

Figure 3 The average JONSWAP wave spectrum
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Figure 4 The JONSWAP wave spectrum approximated
by OCTOPUS software

Irregular surface navigation environment resulted in
superposition of 12 regular-type cosine waves with
significant heights between 1.10 and 10.25 m,
respectively, zero crossing periods between 5.35 and
9.65 sec.

Testing program was made for the ship service
speed of 15 knots. The angle of incidence of ship waves
was elected to the value of 45 deg.

The results are shown follow.

4. RESULTS

OCTOPUS [8] provided results are much more
extensive and complex than can be presented in this
paper, and refer to:

- input (selected by the user for the hull and
navigation environment);

- geometrical characteristics approximated by
conformal two-dimensional hull transforming Lewis;

- fit to the contour exactly;

- two-dimensional  hydrodynamic
values;

- values of the coefficients involved in the
equations of motion and values of disturbed forces and
moments on the regular waves for the six degrees of
freedom;

- RAO spectra for the center of gravity of the ship,
consequence response to the incident wave spectrum
system (regular and irregular);

- numerical spectra on the position, speed and
acceleration corresponding of the center of gravity of the
ship, consequence response to the incident wave
spectrum system (regular and irregular);

- significant height values, their periods and zero
crossing periods for the center of gravity of the ship;

- response spectra numerical values of forces and
moments acting on the ship, in the selected section,
consequence response to the incident wave spectrum
system (regular and irregular).

They have been provided by the program in the
form of numerical spectra were performed by the authors
and plotted using Excel.

Further, examples will be presented graphically on
its application to the study of ship motion, for the center

coefficients
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of gravity of the vessel and the selected section, through (regular and irregular).
the response spectra on the disturbance caused by waves

f WAVE SPECTRUM ;
il Regular wavesperiod
A I
i
o~ 600 1 mwave 1-5.35 (sec)
< N
7 n | -5.
'&] 400 H wave 2-5.45 (sec)
E i 5 m wave 3-5.55 (sec)
; 200
E mwave 4-5.60 (sec)
g . T T
v 0 H R B wave 5-6.00 (sec)
=] N N
= -200 S ~=Smeess Uinggatagatnags = wave 6-6.65 (sec)
o ™ — mwave 7-7.20 (sec)
o ! A
o =) = W wave 8-7.75 (sec)
© =) ; mwave 9-8.30 (sec)
o
o ™ ®wave 10-8.85 (sec)
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o
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Encountering frequency for the irregular waves (rad/sec)

Figure 5 Wave spectrum interpreted by the JONSWAP energy spectrum
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Figure 6 RAO spectrum for Roll motion (center of gravity)
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Figure 7 RAO spectrum for Pitch motion (center of gravity)
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Figure 8 RAO spectrum for Heave motion (center of gravity)
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Figure 9 RAO spectrum moments Mx and My in regular waves 1 to 6
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Figure 10 RAO spectrum moments Mx and My in regular waves 7 to 12

5. CONCLUSIONS

Description of the process of interaction between
hull (known complex technical system) and real sea
(deterministic or random) respective the behaviour of
navigating condition induce on the ship, is one of the
difficult problems of Ship Mechanics.

Various theoretical solutions proposed and
published by researchers interested in the fields consist
in developing physically based mathematical models,
seeking the most accurate description of the problem
addressed, responding to the practical needs of the
shipbuilder and crew.

A permanent goal is the validation of theoretical
models with practical tests in large sea (on the
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prototype), hydrodynamic laboratory experiments (on
the models) and computerized numerical simulations.

In the case study to highlight the features and
performance program OCTOPUS, considered general
and complete movement of a ship-type FPSO in
Mediterranean sailing conditions. In this context, this
paper contributes, in part, to solve problems related to
the study of vessel behaviour in real sea, connection
purpose is the highlighting the represented by numerical
simulation performance.

Finally, the results provided by the program
illustrate, in advance, the ship behaviour, as free rigid
body in the real sea. OCTOPUS contains several utility
programs exclusively naval, conducted by AMARCON
(Advanced Maritime Consulting) in Netherlands.
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Includes routines for specific areas of interest, allowing

the study of the behaviour witnessed ship on the waves.
Authors may be contacted for further refinements.
Correspondence address: mgchitu@gmail.com
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ABSTRACT

The choice of English language training is critical: as the majority of seafarers now work in mixed nationality
crews, effective English language training should focus on developing spoken fluency; understanding English spoken

with a range of international accents.
Keywords: SMCP, IMO, STCW, IHO
1. INTRODUCTION

So what is communication? If it is so important,
how do we ensure that when one person talks to another,
that the other person listens and understands? How do
we know if the message (or sign) has not only been
heard (or read) but also understood? What can be done to
limit the opportunities for mistakes and to enhance the
effectiveness of communications?

It is a self-evident fact that people speaking
different languages can generally not converse at all and
even people speaking their own language can
misinterpret spoken messages.

And the reason these messages become garbled is
probably because we probably have too many ways of
passing ideas one to another especially in maritime
communication where do we have a multinational and
multicultural crew.

2. THE EFFECTIVE COMMUNICATION AT SEA

The ability to properly convey information by word
of mouth and /or by written communication is important
not only to the safety of ships’ crews, visitors and
passagers, but also to the wellbeing of crews. It would
seem that the standard of English of some seafarers is so
bad that they have difficulty communicating not only
between themselves but also with agencies outside the
ship. The aim of IMO Standard Marine Communication
Phrases (SMCP) is to get round the problem of language
barriers at sea and avoid those misunderstandings which
can cause accidents. The key to improved verbal
communication is in the recruitment of seafarers who
have an understanding of the English language; in
education, in the art of effective communication and in
the corect use of the English language in the maritime
environment; and in a programme of regular testing in
their knowledge of the English language.

2.1 Phrases and expressions used onboard- IMO
regulations

Investigations into the human factor regarding
disasters at sea, which focused on communication
behaviour, revealed that one third of accidents happen
primarily due to insufficient command of Maritime
English. In VTS (Vessel Traffic Service) controled areas
communicatively relevant factors contribute up to 40%
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of collisions involving the human element. Most of them
caused by failures in the radio communication even in
routine conversations, but some also true face-to-face
communications deficiencies. More than 86% of all
SOLAS (Safety Of Life At Sea) vessels are presentely
called with multilingual personnel who, for diverse
reasons, are frequently unable to render the Maritime
English skills required, risking and even causing damage
to lives, property and the environment. This eventually
made IMO re-consider how to minimize Maritime
English communication problems. In 2001, IMO adopted
the SMCP and via STCW95 (Standards of Training,
Certification and Watchkeeping for Seafarers) they
become a mandatory part of the education of officers at
all white-listed training institutions.

The phrases provide a sort of Srvival Kit; they
include all essential safety-related communicative events
where spoken English is required. Being trained in the
use of the SMCP, officers will definely encounter less
communication difficulties managing safety-related
situations, performing navigational duties, and
organising or supervising cargo operations.

2.2. Variety of phrases used onboard

The IMO SMCP builds on a basic knowledge of
English and has been drafted in a simplified version of
maritime English. It includes phrases for use in routine
situations such as berthing as well as standard phrases
and responses for use in emergency situations.

They aim to explain:

e  external communication phrases — ship to ship
& ship to shore communication,

e  onboard communication
communication within the ship.

Standard Wheel Orders:

The art of steering a ship can be gained by practice.
The ship’s head, rudder and steering wheel all turn the
same way, that is, to turn the ship to starboard one must
turn the wheel to starboard. The angle of turn given to
the rudder is shown in degrees on the helm indicator
situated forward of the wheel. All orders received by the
helmsman are to be repeated twice; once when the order
is received and again when the order has been carried
out. This is to ensure that the helmsman has both
understood and carried out the orders correctly.

Here are some standard wheel orders taken from the
Standard Marine Communication Phrases (SMCP) list:

phrases
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Table 1. Standard wheel orders

Order Meaning

Midships Rudder to be held in the fore
and aft position

Port five 5 of port rudder to be held.

Port twenty-five | 25 of port rudder to be held.

Hard-a-port Rudder to be held fully over to
port.

When the officer of the watch requires a course to
be steered by compass, the direction in which he wants
the wheel turned should be stated followed by each
numeral being said separately, including zero. It been
said in 3 digits to avoid misunderstanding like 15
(fifteen) instead of 50 (fifty).

Table 2. Steering

Order Course to be
steered
“Port, steer one eight two” 182°
“Starboard, steer zero eight two” 082°
“Port, steer three zero five” 305°

Standard Engine Orders

Any engine order given should be repeated by the
person operating the bridge telegraph/s and the officers
of the watch should ensure that the order is carried out
correctly and right away.

Listed below are some standard engine orders from
the SCMP manual.

Table 3. Standard engine orders

Order Meaning

Full ahead Maximum manoeuvring
engine revolutions for ahead
propulsion.

Half ahead Revolutions as indicated in

ship’s orders.

No engine revolutions
Revolutions as indicated in
ship’s orders.

Stop engine/s
Slow astern

The 1978 STCW Convention was the first to
establish basic requirements on training, certification and
watchkeeping for seafarers on an international level.
Previously the standards of training, certification and
watchkeeping of officers and ratings were established by
individual governments, usually without reference to
practices in other countries. As a result standards and
procedures varied widely, even though shipping is
extremely international of nature.

This SMCP vocabulary addresses to phrases and it’s
aim is to structure communication onboard namely
instead of “please steer 3 degrees to starboard” the order
will be “3 degrees to port”. This SMCP vocabulary
structure phrases to be standardized, and everyone could
understand.

What has not yet made this SMCP vocabulary, not
established common rules for printing navigating
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documents, not established common rules for chart
plotting.

The first concern of SMCP vocabulary was to
standardize communication onboard.

3. STANDARDIZATION OF TERMS USED AND
WORK PRACTICES ON THE CHART

Navigation is the process of position finding as well
as planning, recording and controlling the movement of
a craft or vehicle from one place to another.

Due to differences in grading chart plotting were
created uniform standards to chart plotting and the
navigation log, which are important documents in the
event of incidents are used in processes and plotting
style of the chart and points name must be similar.

So were further developed technical standards for
chart plotting. This international Standard contains
terms, abbreviations and graphical symbols, which are to
be used in maritime navigation on board ships.

3.1 Special units in maritime navigation

e Units of length:

The nautical mile is not an SI-unit. This definition was
adopted by the First Hydrographic Conference in 1929.
Symbol M used in Charts according to the “Chart
Specifications of the IHO” came into force at the XIIth
International Hydrographic Conference 1982 in Monaco.
Nautical mile =NM (in charts: M) INM = 1852m
One-tenth of a nautical mile, is called cable, cable length
=cbl

e  Unit of velocity and speed is calld knot, knots=kn
1kn=1NM/h

Units of angle are degrees and minutes. In maritime
navigation, angles should be specified in degrees,
minutes and decimals of minutes.

(example: write 17°40,25” not 17°40°15”).

3.2 Directions used in maritime navigation

e North directions are horizontal reference directions
used in navigation such as:

- true north = TN(Northerly direction of the
meridian)

- magnetic north = MN (Northerly direction of the
horizontal component of the earth’s magnetic field

- compass north = CN (Northerly direction of the
needle or zero-index of a magnetic compass)

- gyro north = GyN (Northerly direction indicated by
the gyro-compass)

e Dead ahead direction is the direction ahead of the
ship’s fore-and-aft line.

e Course (CSE) and heading (HDG) directions are
angles, measured in the horizontal plane from one of the
reference directions, counted clockwise from 000°
through<360°, written as three-digit numbers.In radar
navigation, the abbreviations CRS for course and HDG
for heading are preferred.

- true course =TC=T CRS ( the direction, in which
the ship is intended to be steered

- course to steer = CTS(line of the ship, expressed in
angular units from true north (000°)
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- true heading=TH=T HDG(actual direction in which
the longitudinal axis of the ship is pointed)

- course over ground=COG(direction of the ship’s
movement relative to the earth, measured on board the
ship, expressed in angular units from true north.

e  Track the term “track” is used as the path of voyage
over the ground(ground track) or through the
water(water track) as plotted in the chart, expressed in
angular units from true north(000°) clockwise
through<360° or as the path of radar-targets on a plan
position indicator. Types of track:

- water track=WAT TRK(actual path of the shp’s
movement through the water)

- ground track = GND TRK (actual path of the shp’s
movement relative to the earth)

3.3 Position and lines

e leeway angle (angular difference between the
course through water and course to steer (CTW-TC)
e  drift angle(angular difference between the course of
advance or course over ground and course through water
(COA-CTW or COG-CTW)
e  dead reckoning position=DR (calculated position of
a vessel obtained by adding to the last fix the ship’s true
course and own speed)

For example in romanian marine vocabulary we do
not have the notion of dead reckoning.
e corrected dead reckoning position Drcor
(calculated position of a vessel obtained by adding to the
last fix the ship’s course and speed through water)
e  estimated position = EP (most probable position of
a vessel obtained by adding to the last fix the ship’s
course and speed of advance, considering all estimated
influences, including current

@ last fix

. leeway angle

. drift angle

. own shp’s velocity

. intended water track

. intended ground track

. leeway vector

7. drift vector

DR dead reckoning position

DR, corrected dead reckoning position
EP estimated position

AN L AW —

Figural. Leeway and drift triangle
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3.4 Waypoint navigation

Waypoints are sets of coordinates that identify a
point in physical space. Coordinates used can vary
depending on the application. For maritime navigation
these coordinates include longitude and latitude.
Although the term waypoint has only come into common
use in recent years, the equivalent of a waypoint in all
but name has existed for as long as human beings have
navigated.

Some terms used in waypoint navigation:

- port or point of departure=the port or point where
voyage begins

- destination=DEST(the geographic point to which a
craft is navigating. It may be the next waypoint along a
route of waypoints or the final destination of a voyage)

- waypoint=WPT(point on a route)

- waypoint distance(distance to a waypoint)

3.5 Units of time used in maritime navigation

- estimated time of arrival=ETA(the predicted time of
reaching a destination or waypoint)

- time to go=TTG(the predicted duration to reach a
destination or waypoint from the present position)

- estimated time of departure=ETD(the predicted time of
leaving a port or waypoint)

4. HARMONIZATION CONTENT OF
NAUTICAL PUBLICATIONS

This standard manages to create a common
technical language of how is made navigation not only
the maritime communication. But we conclude that the
producers of books, charts and nautical documents are
more and although they have common elements still
have elements that separate them, make them be
different.

The best buoy sistem IALA developed by ITHO still
however, failed to unify the international system of buoy
because of the practices and refusals of states, and
appears in 2 areas: arca A and arca B with theyr own
rules.

4.1 The
(IHO)

International ~ Hydrographic — Organization

The International Hydrographic Organization (IHO)
is the inter-governmental organisationrepresenting the
hydrographic community. It enjoys observer status at the
United Nationswhere it is the recognised competent
authority on hydrographic surveying and nautical
charting. When referring to hydrography and nautical
charting in Conventions and similar Instruments, it is the
IHO standards and specifications that are normally used.
The principal work undertaken by the IHO is to bring
about a close and permanent association between
national hydrographic offices, to further the exchange of
nautical charts and documents between hydrographic
officers of member governments. To extend and
facilitate the application of oceanographic knowledge for
the benefit of navigators. Most IHO publications,
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including the standards, guidelines and associated
documents such as the International Hydrographic
Review, International Hydrographic Bulletin, the
Hydrographic Dictionary and the Year book are
available to the general public free from the IHO
website.

4.2 IHO publications

e  Bathymetric Publications:
- General Bathymetric Chart of the Oceans (GEBCO)

- Standardization of Undersea Feature Names
(Guidelines, Proposal Form Terminology)
-The History of GEBCO

e  Periodical Publications:

- IHO Yearbook (30 April March 2013)

- [HO Annual Report

e  Standards and Specifications:

- Guidance for the Preparation and Maintenance of
International Chart Schemes and Catalogue of
International (INT) Charts; Last update: mars 29, 2013

- Standardization of List of Lights and Fog Signals, June
2004 (Corrections to June 2006)

- Hydrographic Dictionary

- Standardization of Mariners' Routeing Guides, April
2010 Items recommended as USEFUL for a Mariners’
Routeing Guide concern subjects of importance to safe
navigation in a particular geographic area on which
information would be helpful to the mariner and its
collection in a single document (the MRG) would
facilitate its use.

- IHO Data Protection Scheme (April 2012)

e  Draft Publications Awaiting Approval by Member
States

- IHO Chart Specifications: Topography (closing date 14
Apr 2013)

e  Draft Publications for discussion (not for Approval
and Password protected):

- Manual on Technical Aspects of the UN Convention on
the Law of the Sea.

- Standardization of Undersea Feature Names

In 1986 the North Sea Hydrographic Commission
completed a study on the consequences of the
development of Electronic Chart Display and
Information Systems (ECDIS) for Hydrographic Offices
(HOs). It was then decided to establish an International
Hydrographic Organization (IHO) Committee on ECDIS
As several manufacturers were now developing these
systems, it was of immediate importance to all
concerned (Hydrographic Offices, mariners, national
shipping authorities, and manufacturers) to have at least
a first draft of the IHO and International Maritime
Organization (IMO) guidance for both the Electronic
Navigation Chart (ENC) and its display systems.

A first draft of the specifications was presented to
IHO Member State Hydrographers in May 1987 at the
13th International Hydrographic Conference in Monaco.
This draft was also widely distributed to National
Shipping  Authorities, mariner associations and
manufacturers, for comment.

In November 1988, the COE established the
Colours & Symbols Maintenance Working Group
(CSMWG) to develop specifications and guidelines for
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chart symbol and colour definition for evaluation by
hydrographic offices, ECDIS users, and manufacturers.

4.3 The last publications

“REGULATIONS OF THE IHO FOR
INTERNATIONAL (INT) CHARTS AND CHART
SPECIFICATIONS OF THE IHO”: Edition 4.3.0 —
August 2012

It includes:

* Part A: ‘Regulations of the THO for International
(INT) Charts’

e Part B: ‘Chart Specifications of the IHO for
Medium- and Large-scale National and International
(INT) Charts’

e Part C: ‘Chart Specifications of the IHO for
Small-Scale International (INT) Charts’

»GUIDANCE FOR THE PREPARATION AND
MAINTENANCE OF (INT) CHART SCHEMES, AND
CATALOGUE OF (INT) CHARTS”

Last update: mars 29, 2013

Part A "Guidance for the Preparation and
Maintenance of INT Chart schemes" is maintainted by
the IHO Chart Specifications and Paper Chart Working
Group (CSPCWG)

S-11 Part A

Part B "Catalogue of INT Charts" is maintained by

the IHB in liaison with allregional INT chart
coordinators
5. CONCLUSION

Effective = communications are an essential

ingredient to safe and efficient ship operations.

Communication can be achieved in many ways but
the prime method for operational communications is
through speech. And when in an operational situation
such as berthing a ship or fighting a fire, it is vitally
important that those involved can communicate
effectively. The international community has chosen the
English language as the medium for that communication
and IMO has developed a standard vocabulary and the
training tools to deliver it. We all now look to the
teachers of maritime English to instil in young maritime
students the appropriate skills and knowledge to ensure
that failures of communications are no longer cited as a
contributory cause of maritime accidents.
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ABSTRACT

This paper presents an analysis of exploitation parameters for naval propulsion plant at different operating regimes.
The resistance of progress is calculated in two situations the navigation (ballast and full load). For regimes

analyzed is determined propeller efficiency.

Keywords: energetic plant, the ship, deadweight, ballas, full load

1. INTRODUCTION

The current marine engines with compression
ignition regimes operate on variables of power and speed
which entail the changing parameters indicate, effective,
that characterize the operating mode of the engine.

The functioning regimes for naval propulsion plants
are determined by the mechanic characteristics of the
internal combustion engine, functioning, power
transmission and the ship.[6]

The operation of the vessel must take into
consideration the parameters for which it was designed
and built, thus satisfying all the aspects the technical and
economical competitiveness included.[4]

This paper presents a calculation method to
determine optimum operating conditions of power plants
installations with internal combustion engines used on
ships. Need to find the optimal order size to ensure
optimal operating regimes.

2. CASE STUDY

The tanker is equipped with a single propeller, the
propulsion of the vessel being provided by a diesel
engine, MAN B & W with 6-cylinder. Engine power:
9480 [kW], 127 [rpm]; deadweight in the sea water is
37000 tdw.[2]

The ship is equipped with three Diesel generators
each with many 6 cylinder in-line power of 960 kW,
speed 900 (rpm).

The manufacturer is running a trial race at full load,
ship ballast water is high, the draft of 10.50 [m].

The crew consists of 31 persons.

The vessel is equipped with a single propeller.

The propulsion factors were estimated. The results
obtained are very close to basin results of trials to.
Propulsion of the ship is provided by a fixed pitch

propeller  that allows modification  propulsion
performance by adjusting a single parameter function:
speed propeller.

With resistance to progress was calculated power
required to motor flange, considering yields of
propulsion, propeller shafts, bearing in mind that some
yields depend on ship speed.

Resistance of progress was graphically represented
according to speed and load.

51

The resistance to progress is one of the most
important qualities for navigation, which depends on the
power of the propulsion system.

For propulsion plant study appears the need for a
method of estimating the required propulsion power.

Table 1. The resistance to progress of the ship

v R, [kN] R, [kN]

No. b

[Nd] (ballast) | (full load)

1. 11,00 253,260 326,150
2. 12,00 310,990 390,400
3. 13,00 380,850 | 463,870
4, 13,57 430,000 504,186
5. 14,00 466,380 541,370
6. 14,87 560,000 619.075
7. 15,00 573,420 636,780
8. 15,38 637,000 677,525
9. 16,00 696,440 753,360

Rtb [kN]- the resistance of progress (ballast);
Rt [kN]- the resistance of progress (full load);
v[Nd] - ship’s speed.

Method wused for determining the ship's the
resistance to progress is G.GJ.Mennen and J.Holtrop.[5]

Engine power is determined operating conditions
analyzed (ship loaded) the diagram engine load supplied
by the manufacturer.

The independent variables for a naval propulsion
plant with internal combustion engine, with an imposed
structure, induce the exploitation regimes for this naval
propulsion plant, determined the . functiona

characteristics %efn}ﬁ{%f%ﬁwésais&lﬁgffl%ﬁgfﬁ%lsmg%aﬁeéuﬂ load, the st

transmission characteristics, the
characteristics.[5]

Changing a parameter influences many other factors
lead to changes in other parameters. It is impossible to
change a dimension or parameter no significant effects
on several dependent variables.

Naval power plant performance are determined by
the performance of each part of the system and the
connections between them.

Its elements must achieve energy fuel processing,
transmission, processing and consuming it with

maximum economy.

consumer’s
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In figure 1 is represented the resistance to progress
of the ship for navigation the two situations analyzed.

800,000 : :
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ship's speed [Nd]

Figure 1. The resistance to progress of the ship

Marine engine operation is automated and
controlled by a computer system that adjusts the
parameters to achieve optimal performance in all
situations.

It can be said that a ship is more effective during the
voyage as the ship is higher compared to residence time
of the ship.
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0610 4
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0590

5 6 7 8 9

ship’s speed

the propller efficiecy
the fuel consuption

Figure 2. The resistance to progress of the ship

Figure 2 presents the propeller efficiency and fuel
consumption depending on vessel speed.

For a propeller with constant characteristics the
speed variation is make by changing the propeller speed.
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Operation of the vessel must take into consideration
the parameters for which it was designed and built thus
satisfying all the aspects technically.

Fuel efficiency is dependent on several parameters
of a vehicle including engine parameters, aerodynamic,
weight and rolling resistance.

3. RESULTS OBTAINED

The vessel must operate at the parameters for which
it was designed and constructed, satisfy all aspects of
competitiveness the technical and economical.

Maximum efficiency was obtained from the system
with vessel speed v = 15 Nd, where fuel consumption
minimum. The resistance to progress of the ship is Rt =
636,780 [kN](full load) and Rt,=573,420 [kN] (for
ballast).

The functioning regimes for naval propulsion plant
are determined by the mechanic characteristics of
internal combustion engine, functioning, power
transmission and the ship: thermic regime, exterior
adjustment parameters of the engine, technical state of
internal combustion engines.

In the case of the energetic plant with internal
combustion engines, which dispose of automatization
systems, their functionality is assured by two essential
elements: their structure and the program of
implementing the functioning regimes.
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ABSTRACT
Calculating the azimuth of a star can be achieved by using spherical trigonometry formulas ,,sinZ¢”, ,,ctgZs” or
with A.B.C. tables using D.H-90 tables or Norrie’s Nautical Tables. The quadrantal zenith angle counting rule can be
achieved only for the positive heights of a star. In this paper the authors developed the generalized quadrantal zenith

angle counting rule for the cases in which the heights are negative.

Keywords: spherical triangle, azimuth, cotangent formula, quadrantal zenith angle.

1. INTRODUCTION

The spherical triangle of position arises through the
intersection of three great circles:

- the observer’s celestial meridian;

- the vertical circle of the star;

- the hour circle of the star.

Figure 2. The spherical triangle

Calculation of the azimuth of a star can be achieved
through three methods:

1. using cot Zg formula;

2. using the A.B.C. tables;

3. using sin Z¢ formula.

2. THE CALCULATION OF AZIMUTH (Az)
ACCORDING TO LATITUDE (¢), DECLINATION
(8) AND THE POLE ANGLE (P) USING “cot. Zs”
FORMULA.

Figure 1. The celestial sphere The deduction of formula.

The four consecutive elements formula is applied in
the spherical triangle of position:
“The cotangent of the edge angle multiplied by the sine
of the mean angle is equal to the product of the side edge
cotangent through the sine of the mean side, minus the
product of the middle elements cosine [1-8].

The elements of a spherical triangle are:
- the triangle’s peaks;
- the triangle’s sides;
- the triangle’s angles.

The peaks of spherical triangle are:

- the z§n1th (Z);, The consecutive elements are:
- the high celestial pole NP (SP); - the zenith anele Z-
- the star A. & i

- the colatitude € =90° - @;
- the pole angle P;
- the polar distance p = 90° - 4.

Spherical triangle’s sides are great arcs resulted by
combining horizontal and equatorial coordinates at the
intersection of the three great circles:

- the colatitude £=90°-¢; Thus: . .

- the zenith distance 2=90°-h: cot Zs = tan & - cos - cos ecP —sin ¢ - cot P 1

- the polar distance p=90°-3; The formula can be solved using logarithms, as follows:
Spherical triangle’s peaks are as follows: m=tand-cos@-cos ecP n=-sin @-cot P

- the zenith angle (Z); cotZs = m+n )

- the pole angle (P);

The rule of the signs:
- the parallactic angle A. e ruie oF TIC S180S

m>0 if ¢ and J have the same name (sign);
n>0 if P>90°;

m<0 if ¢ and & have different names (signs);
n<0 if P<90°;

If cot Zg> 0, then Zg = the calculated value
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cot Zg<0, then Zg = 180° - the calculated value.
The obtained zenith angle Z; is a semicircular zenith
angle counted from the high pole vertical, to East or
West according to the pole angle P.

3. THE CALCULATION OF AZIMUTH (Az)
USING “A.B.C.” TABLES: METHOD OF
PREPARATION AND USE (T-40 — D.H.-90 OR
NORIE’S NAUTICAL TABLES)

The table if founded using the following formula
(1). This is inconvenient for logarithmic calculation
therefore it was transformed by dividing with cos ¢ and
multiplying by 10, thus:
10-cotZs-secp = 10-tané‘-cosec]f’—IOtan(p-cotf’ 3)

The following notations take place :
A=10tan d cosec P
B =-10 cot P tan ¢
C=10cotZ sec ¢
C=A+B

4. THE CALCULATION OF AZIMUTH (Az)
ACCORDING TO HEIGHT (h), DECLINATION (9)
AND POLE ANGLE (P) USING THE FORMULA
“sin ZC”

The deduction of the formula.
The law of sines is applied in the spherical triangle of
position:
“the ratio between the angle sines and opposite sides
sines are equal”.

sinZ. sin P

sinZ. sin P N _
sin(90° —9)  sin(90° — h)

(4)

sinp sinz

sinZ. sinP

: = :>sinZC:sech~0055-sin}:" (5)
sind  cosh

The setting of the horizon quadrant is made based on the
position of the star from the first vertical and the
hemisphere in which the star in positioned.

In order to determine the origin of counting, N or S,
of the obtained quadrantal zenith angle, is proceeded as:

L. 8 and @ have the same sign (name)
-if 8> ¢ the counting of Z starts from the high pole
vertical,
-if § <@ the counting of Zc is as follows:

- if h < hy the counting starts from the high pole
vertical; (Table -39 DH-90)

- if h > h; the counting starts from the low pole
vertical; (Table -39 DH-90)

IL. 8 and @ have different signs (names)

The counting of Zc starts from the low pole vertical.

The counting to E or W is made according to the
pole angle Py .

The 39" table from D.H.-90 [9], contains the
heights of a star in the first vertical. During daytime
movement the star intersects the first vertical twice, but
it can only be observed the passing of those stars whose
declination is smaller than the site’s latitude and have the
same sign as it (if the declination has the opposite sign
than the latitude, than the star will pass beneath the
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horizon). If the stars declination is bigger than the site’s
latitude, than the star will not intersect at all the first
vertical and it will bear away from the site’s meridian at
a certain angle named elongation.

The table if founded using the following formula

. sind
sinh, =

; (6)
sin @
Input arguments in the use of the table are the
observer’s latitude and the stars declination.

5. THE GENERALIZATION OF THE
QUADRANTAL ZENITH ANGLE COUNTING
RULE

The quadrantal zenith angle counting rule can be
applied only if the height of the star is positive. If the
star’s declination is of opposite sign with the site’s
latitude the counting rule does not fully comply.

The generalized zenith angle counting rule, where
the star’s declination is of opposite sign to the site’s
latitude:

II. & and @ of opposite signs (names)

- if & < (90°-) (the colatitude) the counting of Z¢ is as
follows:

-if h>0 from the low pole vertical,
-if h<0 Z¢ is counted as follows:
- if |he| <h; from the low pole vertical;
(Table -39 DH-90)
- if |he| > h; from the high pole vertical;
(Table -39 DH-90)
- if 3 > (90°-@) (the colatitude), the star’s height is
negative then Z is counted as follows:
-if |he| <h; from the low pole vertical;
(Table -39 DH-90)
- if |he| > h; from the high pole vertical,
(Table -39 DH-90)

The counting to E or W is made according to the
pole angle Pgy.

6. NUMERICAL APPLICATIONS
Case 1.

Declination 8 < (90°-¢) (the colatitude),
Altitude h>0

Table 1. The azimuth values for case 1

Initial data sinh cot Zg sinZc¢

@ =40°00".)N

4 =S10°00". — 0RoV5> Zs=S69°3E | Zc=SE69°;
- 0 he=0825 | A~ 1100, | Az 1100,
B.=070°00".,
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Figure 3. The star representation for case 1

Case 2.

Declination & < (90°-¢) (the colatitude),

Altitude h <0,

lhe| <h; from T-39 DH-90 h;=15°,

Table 2. The azimuth values for case 2

Initial data sinh cot Zg sinZc

® =40°00".,N

6 = SIOOOO’. — _149° s ZS = 8880(,];‘ Zc :SE88°.5
) 0 he=-1802"5 10 0910, | Az=001°,
P, =100°00".y

Figure 5. The star representation for case 3

Case 4.

Declination & > (90°-¢) (the colatitude),

Altitude h <0

lhe| < h; from T-39 DH-90 h;= 69°.

Table 4. The azimuth values for case 4

Initial data sinh cot Zg sinZ¢

@ =50°00".oN

8 = S46°00°. _ H209Q° Zs=S45°4E | Zc=SE45°,
- 0 he=-2308 | A — 1340, | Az=134%
P,=070°00"

Figure 4. The star representation for case 2

Case 3.

Declination 8 < (90°-¢) (the colatitude),

Altitude h <0,

|he| >h; from T-39 DH-90 h;= 15°.;

Table 3. The azimuth values for case 3

Figure 6. The star representation for case 4

Case 5.

Declination 6 > (90°-¢) (the colatitude),

Altitude h <0

[he| >h; from T-39 DH-90 h;= 69°.9

Table 5. The azimuth values for case 5

Initial data sinh cot Zg sinZ¢ Initial data sinh cot Zg sinZc¢

@ =40°00".)N ©=50°00".,N

8 =2S10°00". — ~Q015° Zs=NT77°9E | Zc=SE77°% & = S46°00°. — cona Zs=N81°0E | Zc=SE81°,
" O he= 295N N, 0770, | Az= 1020, - : he=-T6704"s | Ay —081% | Az—099°
P, =120°00".¢ P, =160°00’.0

55




Constanta Maritime University Annals

Year XIV, Vol.19

Figure 7. The star representation for case 5

7. CONCLUSIONS

The quadrantal zenith angle counting rule is no
longer valid for cases 3 and 5. In these cases other values
are obtained due to the low pole counting rule, in our
case from the south celestial pole. For these cases, the
quadrantal zenith angle rule proposed by the authors
solves the problem of determining the star’s azimuth.
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Thus, the generalization of quadrantal zenith angle
counting rule, both for positive and negative estimated
heights, was achieved.
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ABSTRACT

Shipbuilding is known as one of the competitive markets in the world.

Shipbuilding is the sector worst affected by the financial and economic crisis, the current global crisis hitting
severely this industry. It can have the most painful impact on many shipbuilding countries of the world due to the
biggest overcapacity of shipyards ever seen and far greater supply of fleet than required by the market. Analysis shows
that world shipbuilding order book is shrinking fast because of decreasing of new orders and cancellations.

The global competitive position of the European industry is under severe pressure due to the difficult market
environment. European industry has to advance in superior products regarding ship safety, efficiency and marine
environment protection as well as in innovative processes intended to increase production productivity.

Keywords: international seaborne trade, freight rates, shipbuilders market, ship repairs & conversions market.

1. INTRODUCTION

The year 2008 marked a major turning point in the
history of the world economy and trade. Growth in the
world economy slowed abruptly in the last part of 2008,
with deeping of the global financial crisis.

Growth in developing economies and countries
with economies in transition has turned out to be less
resilient than expected.

After 2009 when merchandise trade (imports and
exports) in developed countries at a rate higher than the
world their recoveries in 2010 — 2012 there are not as per
expectations. By the middle of 2008, things took a turn
of worse, as the global financial crisis began to affect
demand.

Trade volumes in the bulk cargo and liners sectors,
sustained dramatic declines, which continued for the
remainder of the year 2008 and well furthermore coming
period of 2009 — 2012.

Freight rates in 2011 and 2012 were often at
unprofitable levels for ship owners. Substantial freight-
rate reductions were reported within the dry bulk, liquid
bulk and containerized cargo segments. Vessels
oversupply continued to be a driving factor behind
reductions in freight rates. Ship operators attempted to
make savings through greater economies of scale by
investing in large capacity ships in the tanker and dry
bulk market segment.

Global new buildings contracting remain difficult
and uncertain due in particularly to the significant size of
the ships supply and the impact of the demand/supply
mismatch on shipping markets. Ship owners have a
problem of low utilization rate. Second hand prices for
ships are more volatile than new buildings market, being
“market” driven and ships as assets value are much less
2012 than 2008.

Up to 2015 ships that are above 20 years will be
demolished. Mandatory regulations (as: Ballast Water
Treatment; Energy efficiency Design Index) are
affecting the shipping market where tankers have

57

sluggish demand but a smaller order book and bulkers
have stronger demand but big order book.

The immediate outlook for the world’s ship
repairers is currently an interesting one based on the
main trading routes, areas existing ships repair capacities
and facilities, ship owners repair ships pressure and
existing shipyards competition.

2. DEVELOPMENTS IN INTERNATIONAL
SEABORNE TRADE

The world economy is highly dependent of
shipping which meets approximately 85% of the global
demand of transport. The world economy generates the
basic demand for seaborne trade. Developments in
particular commodities and changes in the distance over
which cargo is transported, are key players in modifying
the economics of world trade for the shipping market.
We live in a global society which is supported by a
global economy and that economy simply cannot
function if it were not for ships and the shipping
industry.

The international shipping industry can be divided
into closely related shipping markets, each trading in a
different commodity:

a. The freight market consists of ship-owners,
charterers and brokers. They wuse contractual
arrangements. Ship-owners contract to carry cargo for an
agreed price per ton while the charter market hires out
ships for a certain period. A charter is legally agreed
upon in a charter-party in which the terms of the deal are
clearly set out;

b. The sale and purchase market. Second-hand
ships are traded between ship-owners. The
administrative procedures used are roughly the same as
in the real-estate business, using a standard contract.
Trading ships is an important source of revenue for ship-
owners, as the prices are very volatile. The second hand
value of ships depends on freight rates, age, inflation and
expectations;
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¢. The demolition market. Ships are sold for scrap.
The transactions happen between ship-owners and
demolition merchants, often with speculators acting as
intermediaries;

d. The new building market deals with
transactions between ship-owners and shipbuilders.
Contract negotiation can be very complex and extend
beyond price. They also cover ship specifications,
delivery date, stage payments and finance. The prices on
the new building market are very volatile and sometimes
follow the prices on the sale and purchase market;

e. The ship repair and conversion market. Ship
repair is a highly competitive industry, with yards all
over the world competing for work. New yards are
entering the market and the international tendering
process, with bargain prices being offered in the yards of
the former Soviet Union and Eastern Europe, China and
Vietnam in the Far East. Traditional big repair bases like
Rotterdam, Hamburg, Singapore and Japan have to face
this new competition.

These markets are linked by cash flow and push the
market traders in the direction they want.

3.  WORLD SEABORNE 2008-2012

The year 2008 marked a major turning point in the
history of the world economy and trade. Growth in the
world economy slowed abruptly in the last part of 2008,
with the deeping of the global financial crisis. Growth in
developing economies and countries with economies in
transition has turned out to be less resilient than
expected.

In tandem with the economical downturn and
reduced trade, growth in international seaborne trade
decelerated in 2008 expanding by 3.6 per cent compared
with 4.5 per cent in 2007.

The volume of international seaborne trade in 2008
was estimated at 8.17 billion tons. Reflecting a sharp
decline in demand for consumption goods , as well a fall
in industrial production in major economies and reduced
energy demands, the deceleration in seaborne volumes
affected all shipping sectors.

The year 2009 witnessed the worst global recession
in over 7 decades and the sharpest decline in the volume
of global merchandise trade, international seaborne trade
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volumes contracted by 4.5 per cent in 2009. While no
shipping segment was spared, minor dry bulks and
containerized trades suffered the most severe
contractions. This reflected the weak consumer
confidence which depressed the retail sector and low
level of capital investment, as well as slowdown in the
real estate and housing sectors. In contrast iron ore and
coal trade volumes held strong on the backs of China’s
robust import demand driven, in particular by China’s
large stimulus package.

The world economic situation has brightened in
2010. However, multiple risks threaten to undermine the
prospects of a sustained recovery and a stable world
economy- including sovereign debt problems in many
developed regions, and fiscal austerity. These risks were
further magnified by the extraordinary shocks that have
occurred in 2011, which have included natural disasters
and political unrest, as well as rising and volatile energy
and commodity prices. Given that for shipping, all stands
and falls with worldwide macroeconomic conditions, the
developments in world seaborne trade volumes mirrored
the performance of the wider economy. After contracting
in 2009, international shipping experienced an upswing
in demand in 2010, and recorded a positive turnover in
seaborne trade segments. However the outlook remains
fragile, as seaborne trade is subject to the same
uncertainties and shocks that face the world economy.

In tandem with the world economy and global
merchandise trade, international seaborne shipments
continued to grow in 2011, albeit at a slower rate than in
2010. Fuelled by strong growth in container and dry bulk
trades, world seaborne trade grow 4 per cent in 2011,
taking the total volume of goods loaded worldwide to 8.7
billion tons. In addition to the sovereign debt crisis in
Europe and other difficulties facing advanced
economies, a number of factors have weighted down on
global growth. These include heightened global financial
risks, political and social unrest in North Africa and
Western Asia, natural disasters in Japan and Thailand
which have disrupted regional and global supply chains,
rising oil prices and volatility, the impact of austerity
measures introduced in many countries and fading of the
stimulus effect of 2010, and growing geopolitical
tensions. Many of these factors remain relevant in 2012.
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Figure 1 World goods loaded (left) and unloaded (right) during the 2008-2012 period
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4. WORLD FLEET 2009 — 2012

At the beginning of 2009 the world fleet reached
1.19 billion deadweight tons, a year-on — year growth of
6.7 per cent compared to January 2008. The growth was
the result of vessel orders placed before the financial
crisis, when the industry still expecting continuing high
grow rates in demand. By the beginning of 2010, the
world merchant fleet reached 1.276 million deadweight
tons, an increase of 84 million dwt over 2009.The year

of 2010 saw an increase of 8.6 per cent growth in the
world fleet. Deliveries amounted to 11.7 per cent of the
existing fleet; the previous peak had been in 1974, when
deliveries amounted to approximately 11 per cent of the
existing fleet. The world merchant fleet reached almost
1.4 billion deadweight tons in January 2011, an increase
of 120 million dwt over 2010. The world fleet continued
to expand during 2011, reaching more than 1,5 billion
deadweight tons in January 2012, an increase of over 37
per cent since 2008.
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Figure 2 World fleet gross tonnage during the 2009-2011 period

5.  FREIGHTS

As the world’s shipping capacities continues to
increase even during the economic downturn, the
industry find itself confronted with a surge of oversupply
and tumbling charter freight rates. Even the economic
crisis, the new tonnage that entered on the market would
have led to an oversupply of tonnage and a decline in
vessel’s prices. In 2009 as a consequence of falling
demand and increased supply, freight rates have fallen
from their 2008 heights. Freight rates in 2010 perform
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better than 2009. However tanker freight rates in general
still remained depressed, in the dry bulk sector
performed well for the first half of the year but lost from
the end of May to mid July 2010 when Baltic Exchange
Dry Indez declined about two thirds. Container freight
rates in 2010 witnessed a major transformation brought
about by a boost in exports and measures, the result
could be seen in the New ConTex Index, which tripled in
value from early 2010 to mid 2011. Freight rates in 2011
and in the beginning 2012 were often at unprofitable
levels for ship owners. Substantial freight reductions
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were reported within dry bulk, liquid bulk and
containerized cargo segments. Vessel oversupply
continued to be a driving factor behind reductions in

freight rates. Ships operators attempted to make savings
through greater economies of scale by investing in large
capacity ships in the tanker and dry bulk market sector.
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6. DEMOLITIONS

Prices for scrap metal in 2009 remain low
compared to early 2008, and many owners have
preferred to hold on and lay off their ships, hoping for
better times to come. The resulting oversupply of new
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buildings tonnage in 2009 than led to an over 300 per
cent surge in demolitions of older tonnage. In January
2011 have been registered approximately 30 million dwt
from demolitions and other withdrawals from the
market.
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Figure 6 Demolition prices 2008-2013
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7. SECOND HAND MARKET

In 2008 price for second hand tonnage fluctuated
more than prices for new buildings. Between 2001 —
2007 prices for 5-years-old dry bulk carriers had surged
more than six fold, reaching levels that were in fact
significantly higher than the corresponding new
building. In the economic downturn, a 5-years-old dry
bulk carrier of 170,000 dwt was 47 per cent cheaper than
a new building and a 5-years-old 300,000 dwt tanker
cost 27 per cent less than the corresponding new
building. Between the end of 2007 and the end of 2008,
second hand prices for tankers went down with 15 — 20

per cent and second hand prices for dry bulk carriers
went down between 67 — 71 per cent.
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In 2009 on account of overcapacity prices for
second-hand ships continued to fall in 2009 more
dramatic. Average prices for 10-years-old dry bulk
vessel decreased by between 46 — 61 per cent, 10-years-
old container ships were between 47-69 per cent cheaper
in 2009 than 2008 and oil tanker prices declined by
between 38 — 42 per cent. On average second-hand
vessel prices were 50 per cent more volatile than new
building prices because our market-driven whereas new
building prices are driven by the cost of ships building.

In 2010 the result were mixed. The large oil tankers
held their value, while small tankers and specialized
product tankers declined in value. In the dry bulk sector,
the price of medium size Panamax vessels decreased,
while the price of smaller and larger vessels increased.
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The price of all size of second hand container ships also
raise in value during 2010 as trade volumes recovered.
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Figure 8 Second hand vessels prices 2009-2013
8. SHIPYARDS NEW BUILDING MARKET

In 2008 although new orders for practically come to
stand still, vessels continued to be constructed in line
with orders prior to the economic crisis, especially in the
dry bulk segment. In fact new buildings activities
reached the highest level ever recorded in terms of
deadweights tons , with deliveries totaling 82.3 million
dwt. Deliveries of oil tankers reached a historical record
of 437 units of 10,000 dwt and above meaning abt. 33.7
million dwt. There were 335 dry bulker carriers with a
combined tonnage of 28.9 million dwt. Others vessel
types delivered- including car carriers, container ships,
LNG tankers and general cargo ships reached 2,207 units
with a combined tonnage of 19.7 million dwt.

In 2009 numerous orders at the world’s shipyards
have been cancelled. Ship builders have been spending
more time on renegotiating existing contracts than on
receiving new enquires on orders. Although new orders
for most vessel types have been practically come to a
standstill, vessels continued to be delivered by the
world’s shipyards, especially in the dry bulk segment.
2009 become a new record in new deliveries of 117
million dwt. New buildings grew by 42 per cent over
2008 because of ships ordered prior to the downturn in
demand.

The price of new buildings in 2010 was lower for
all vessels type reflecting market views that the capacity
of the world fleet is sufficient to meet world trade in the
short term.

In the world order book has counted a reduction by
one third in 2011. Still largely responding to orders
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placed prior the economic crisis, the ship builders are
reluctant to cancel or postpone deliveries.

° N
a4 /\
"4 \\

. /|

%A v

= / e N\

= NN

w / g S

=

= - -

[l // \b

: /I /

y L~ /

= /"-l-

= —

e}

S

Z_L""'I F—

T
L N o~ o T o B = e B o e~ SO == N =y T = B = = B R |
FIFIIFIIFIFIIIIIFTTIIITATAATA
i~ i~ i~ i~
T 2§ 2z gz g g g sz o
=2 = 2 =52 29 = 2 = 2 = O = 2 = o = O
E=ESE=SE=SE=E=E-=E-=FE
N N N N N N (7] N N
(=) (=) (=) (=) (=) (=) (=] (=) (=)
LY LY LY LY LY LY [¥] LY LY
a a a a a a o a a

e Tankers

e Bulk Carriers
General Caro Ships

e Container vessels

e (O ther Ships

Figure 9 New building ships on order from December
2003 until November 2011

9. SHIPYARDS REPAIR & CONVERSION
MARKET

Ship maintenance, repair and conversion represent
a special business segment, in many aspects from the
ship new building industry. Ship conversion is closer to
new building yards activities in time of scales for each
job; however, a refit requires a totally different approach
in having the flexibility to constantly accommodate
changes in work plan, according to the satisfaction of the
client. Besides, ship maintenance and repair is typically a
short term activity; so, most of the time, the ship is dry-
docked and stays in dock on average between 10 to 12
days. Finally, the sector has the characteristic of a
service industry with the aim to assure safe shipping and
maritime operations and clean seas.

The fleet requires a regular inspection and
maintenance of equipment and machinery. Ships are also
generally by scheduled periodic repairs for which
Classification Society and other Statutory Bodies have
formulated guidelines for periodic survey such as :
Special Hull and Machinery survey every 5 years, Dry-
Dockings at 2 '5 years, and Hull and Machinery annual
survey every year.

The world fleet growth increasing the demand in
the ship repair industry taking into consideration the
increased complexity of the modern ships requiring more
regular maintenance.
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10. CONCLUSIONS

Global shipbuilding industry has been going
through a downturn for the last four years. The downturn
has been felt more in the commercial shipbuilding
industry where demand tends to be driven by fixed asset
investments and growth in global trade. Global
commercial ship orders were down 48% Yoyo in the
first nine months of 2012 and order backlog fell to half
of the level in first half of 2008. At this point all lead
sector indicators such as freight rates, ship prices, used
ship transactions, and used ship prices suggest that
commercial shipbuilding demand is unlikely to recover
much in 2013 as the sector continues to suffer from
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oversupply, a weak financing market, and low freight
rates.

Some shipbuilding industry segments are in a robust
condition and show promising growth perspective;
examples are supply vessels and installations for the of-
shore industry (oil, gas and off shore wind energy) and
marine dredgers. In relation to innovation, shipyards take
a position in the role of system integrator, combining
innovations from third parties/marine equipment
suppliers in an integrated ship design and construction,
and are a driving force behind new ships designed and
innovations in response to market demands and in view
of enhanced efficiency. A promising area is the
“greening” of shipping through the reduction of
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emissions from ships and improvement of their energy
efficiency.

The fleet requires a regular inspection and
maintenance of equipment and machinery. Ships are also
generally by scheduled periodic repairs for which
Classification Society and other Statutory Bodies have
formulated guidelines for periodic survey such as:
Special Hull and Machinery survey every 5 years, Dry-
Dockings at 2 Y5 years, and Hull and Machinery annual
survey every year.

The world fleet growth increasing the demand in
the ship repair industry taking into consideration the
increased complexity of the modern ships requiring more
regular maintenance.
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ABSTRACT

Many activity fields including maritime area involve the concept of Knowledge Management. These programs are
typically tied to organizational objectives such as improved performance, competitive advantage, innovation,
developmental processes, lessons learnt transfer and the general development of collaborative practices. The paper
present the applied online teaching system used by our university, designed to offer easy access to information for
teachers and students, but also available for former students, now officers onboard ships, in order to be able to update
latest information’s about technical development in maritime field necessary in their duty activities. The international
work to improve maritime education and training has identified lack of access to quality learning material and tutors in
many countries. It is assumed that increased use of information and communication technologies will be one major
component for future quality improvement of maritime education and training.
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1. INTRODUCTION

Knowledge Management comprises a range of
practices used by organizations to identify, create,
represent, distribute and enable adoption of what it
knows, and how it knows it. Knowledge Management is
frequently linked and related to what has become known
as the learning organization, lifelong learning and
continuous improvement.

Knowledge Management may be distinguished from
Organizational Learning by a greater focus on the
management of knowledge as an asset and the
development and cultivation of the channels through
which knowledge, information and signal flow.

The goal of Knowledge Management is to improve
the creation, dissemination, and exploitation of
knowledge for the purpose of building competitive
advantage. The international work to improve maritime
education and training has identified lack of access to
quality learning material and tutors in many countries. It
is assumed that increased use of information and
communication technologies will be one major
component for future quality improvement of maritime
education and training.

2. THE KNOWLEDGE MANAGEMENT
SYSTEMS

Knowledge Management is a multi-faceted
initiative involving a degree of cultural change for the
organization. The background for the crucial importance
of learning is that the combination of globalization,
information technology and deregulation of formerly
protected markets leads to more intense competition and
to more rapid transformation and change, as you can see
in figure 1.

Knowledge Management is an approach that helps
address these challenges and the potential benefits of
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knowledge management for IT support and self-service
are well known. However, the steps that need to be taken
are not self-evident: Support organizations are often
unsure how to organize a KM initiative because the
decision to embrace knowledge management is
predicated on answering a number of vital questions:
What kinds of processes are needed to create content?
How should roles and responsibilities be assigned? How
should content be structured?

To effectively resolve incidents and help end-users
remain productive, analysts must quickly diagnose IT
incidents and problems and provide solutions to address
customers’ needs. Unfortunately, unless knowledge
management is a formalized process within support, the
know-how of support personnel is often underutilized.

Davenport and Prusak stated: “Knowledge is a fluid
mix of framed experience, values, contextual
information, and expert insight that provides a
framework for evaluating and incorporating new
experiences and information. It originates and is applied
in the minds of knower. In organizations, it often
becomes embedded not only in documents or
repositories but also in organizational routines,
processes, practices, and norms.”

King defined three criteria that are essential to the
successful implementation of KM  within an
organization: focus, relevance and timeliness. To achieve
all three requires a system that enables inputs, outputs
and communication to be related to specific goals and to
specific users who will act upon the knowledge in a
timely and cost effective manner.

The practice of knowledge management has evolved
to address this challenge. Generally speaking, knowledge
management is a set of practices designed to collect,
organize, structure and distribute knowledge for ongoing
use and training and for enrichment of the corporate
culture.
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Figure 1 Synoptically view regarding Knowledge Management

3. THE LIFELONG LEARNING PRINCIPLES
Lifelong learning is used for combining formal,
informal and non-formal education and training, with a
reconsideration of professional recognition and quality
assurance processes. It is the process of acquiring and
expanding knowledge, skills and dispositions throughout
the life to foster well-being.

The philosophy of education system is now
changing globally and rapidly towards a continuous
learning process. The change in the education system
opens up the opportunity of part-time higher education in
vocational and non-vocational streams.

In October 2006 the European Commission
published a Communication entitled “Adult learning: It
is never too late to learn”. This document suggests
lifelong learning to be the core of the ambitious Lisbon
2010 process, in which the whole of the European Union
should become a learning area. In December 2007, the
European Parliament’s Committee on Culture and
Education published a “Report on Adult learning: It is
never too late to learn”, which recognized the
Commission Communication and a number of related
recommendations and resolutions, and which urged
member states to establish a long life learning culture.

Corroborating the European Commission policy
with the population ageing of European countries, the
role of lifelong learning and the educational system
position near this situation must be an important one.

The principal providers of the long life learning in
this moment, all over the world, are the universities and
associate graduate institutions. At this level there are
possibilities to create and develop material, as courses
and practical applications, for graduates of the same or
inferior level.

Putting together the social and economic conditions,
economical being prior, and the opportunities creates by
the online teaching procedures the development

66

possibilities of this lifelong learning concept increase
considerable.

To provide the necessary knowledge for a specified
activity domain is most important to have your own
trained persons, as lecturers, as institution. Taking
account the differences between this kind of learning and
the formal learning is obviously request to institution to
have persons in charge with necessary skills for this. In
this idea, the previous step in creation of the learning
curricula is the process of train the trainers to be
qualified for this activity.

4. KNOWLEDGE MANAGEMENT IN
MARITIME EDUCATION AND TRAINING AREA

Every European Maritime University must have a
department which aims to provide practice-oriented
technological information management and application-
oriented research for making use of information systems
in the field of naval and mechanical engineering.

Appling  knowledge management in  maritime
universities is important because:

e The purpose of knowledge management is to
harness, develop and direct the expertise of the
organization and to apply it effectively to achieve
strategic objectives;

Knowledge management is purpose is also to
encourage learning and innovation as sources of
competitive advantage;

Knowledge management permits vision and gap
analysis, identifies new sources of technology and
ideas;

Knowledge management
innovation and idea mapping.
The Information Age demands increased focus on
the management of information in institutions. Capturing
and distributing intelligence, knowledge, leadership,
collaboration, and group decision-making have become

explores  creativity,
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vital to institutional innovation and sustaining
competitive advantage. Accordingly, increasing numbers
of software applications and tools are now available to
foster these objectives and support new kinds of
management decision making by individuals and groups.

The main project objective is to coordinate the
development of a maritime flexible learning system. The
new and modern techniques are the flexible learning
courses, the production of learning demonstrators and
testing of those by maritime students and officers.

5. KNOWLEDGE MANAGEMENT SYSTEM IN
CONSTANTA MARITIME UNIVERSITY

In Constanta Maritime University, applying
knowledge management is important and we apply it
effectively to achieve strategic objectives. We intend to
encourage learning and innovation as sources of
competitive advantage, to permit vision and gap
analysis, identifies new sources of technology and ideas.
Through Knowledge Management in our university we
explore creativity and innovation.

You can see the practical CMU approach:
http://campus.e-shipping.ro, figure 2. We use Moodle as
Knowledge Management System; through will have an
explicit Knowledge Management objective of some type
such as collaboration, sharing good practice. Moodle is a
Course Management System (CMS), also known as a
Learning Management System (LMS) or a Virtual
Learning Environment (VLE). It is a free web
application that educators can use to create effective
online learning sites.

File Edit View Favorites Tools Help

NAVIGATION I CALENDAR I
Home - May 201! >

stin ste

¥ Courses

UMC VirtualCampus

Sun Mon Tue Wed Thu Fri Sat
1203 %
s 67 8 9w
MAIN MENU LR R
B stiisie W N 2w
= - %2 28 %

ONLINE USERS I
(ast 5 minutes;

STIRI - u
WWW EDU RO - STIRI
www.edu.ro = Ulimele stin

Rezultatele de Ia examene vor putea fl vizuaiizate online la adresa
vww.cmu-edu.eu/studenti

Pentru logare folositl ca nume de utiizator cogul numeric personal si ca parola
data nasteril

Nota: este posibil ca rezultatele sa nu fie inca disponibile pentru toate:
specializarie

Course categories

1. Navigatie si Transport Naval (44)

2. Electromecanica Navala (39)

Figure 2 Constanta Maritime University Virtual Campus

Constanta Maritime University has begun E-
learning in 2001, when first test distant learning was
introduced. In 2004, massive investments in IT tool were
made and one year later the first official CMU e-learning
Campus was inaugurated.

Since 2007, in the CMU was developed a Web
based IMO Tanker Courses under the EU project for
distant simulation and tutorial systems on board. The
new campus has the main project objective to co-
ordinate the development of a maritime flexible learning
system. Also, CMS ILIAS as KMS are developed to
support and enhance knowledge-intensive processes,

67

tasks or projects of e.g., creation, construction,
identification, capturing, acquisition, selection,
valuation, organization, linking, structuring,
formalization, visualization, transfer, distribution,

retention, maintenance, refinement, revision, evolution,
accessing, retrieval and last but not least the application
of knowledge, also called the knowledge life cycle. You
can see the practical approach: http:/training.e-

shipping.ro, in figure 3.

T
T
<[4 [ ] gose

Gp";

R C

Bov B - e pee

Logged in as Lect, Dr. Gal

1 UMC VitusiCampus 2, IMO-Training - Person... * g MariComp - Home

Open Source eLearning

g Personal Desktop

Overview | Personal Profile News  Calendar | Private Notes Bookmarks

Personal Ttems

B A - Tanker Familarization Course
2 B - Gas Tanker Course

2 C - Oll/Chemical Tanker Course
&3 01 Introduction

<3 01 Introduction

23,01 Introduction

02 Legislation

GEEE

4,02 Production and Sea Transport of Liquefied Gases
43, 02 Ships and Equipment lszf;e‘l’[n‘mu -
) 03 Cargoes and Hazards gaby

03 Cargoes

EE6EE

£, 03 Chemistry and Physics o e
ookmar ®

0 Bookmark(s), 0 Folder
(s)

) 04 Exercises (A)
), 04 Hazards

04 Ships and Equipment
05 Rules and Regulations

BEEE&E

05 Safety and Security

g
H

@ Intemet | Protected Mode: Off

Figure 3 Web based IMO Tanker Courses

A Learning Management System (LMS) is a set of
software tools designed to manage user learning
interventions. LMS go far beyond conventional training
records management and reporting and the value added
for it is the extensive range of complementary
functionality they offer. Via internet and LMS the
participants have access to the internal tests of different
topics and the students can enrol themselves directly on
the website.

The term KMS can be associated to Open Source
Software, and Open Standards, Open Protocols and
Open Knowledge licenses, initiatives and policies and
when we refer to the further evolution, we can talk about
another EU project developed in CMU: MariComp. The
partner groups in this project consist of six MET-
institutions from different countries: Denmark, The
Netherlands, Estonia, Ireland, Romania and Norway.
Furthermore, advice was given by an educational
university in Denmark and a Nordic marine engineers’
federation. One of the objectives of this EU project was
to develop a European virtual learning space for
maritime educational institutions and to develop, test and
evaluate a pilot e-learning course for maritime lecturers.

The LMS course intend to be a European virtual
learning space for maritime lecturers in view of
knowledge-sharing in continuous and informal ways as
well as collegiate supervision at maritime educational
institutions.

The importance of this platform is that European
maritime lecturers with expert knowledge have better
opportunities of developing their competencies and
creating an international network of colleagues within
the same maritime discipline. For the platform where
lecturers inside and outside the partnership can seek and
share knowledge we used CMS Dokeos. In the figure 4,
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you can see the MariTrainer Wiki based on Dokeos &
DekiWiki under MARICOMP Leonardo da Vinci

Project. The practical CMU approach: http://maricomp-
web.cu.
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Figure 4 MariTrainer Wiki

The MariTrainer Wiki is a new and modern
technique and flexible learning courses, the production
of learning demonstrators and testing of those by
maritime students and officers.

The MariTrainer Wiki allowed us to gain access to
a greater range of teaching and learning materials and
methods, made us more prepared to enhance our skills,
helped us to encourage a greater European dimension in
the work of our organizations and met our continuing
professional development needs. We intend to continue
the cooperation with the other maritime faculties:
improvement of the courses, new tests, and international
participation on the courses.

Other EU project developed in Constanta Maritime
University was  Maritime  Education  Platform
(http://mep.stc-r.nl).

The main idea of this project was to produce and
share high quality educational material. This was done
by developing a virtual learning space and by organising
seminars. Each partner developed a high standard and up
to date e-learning course on a certain subject. This
course was available for the other partners by means of a
virtual learning space. Moreover the seminars aim to
give opportunity to share and discuss within the group of
partners to the content. Subsequently the course was
improved by the author. Summarized, the project
provided improvement of quality of maritime
educational material, cooperation between maritime
educational institutions, an innovative virtual learning
space filled with high quality e-learning courses.

The concrete aims of the project was:

e  To collaborate by working together in a project and
meeting each other during seminars, from both
concerned and interested parties;

e To share the knowledge by developing up to data
web based learning material that is presented,
discussed and improved during seminars;

e To develop a virtual learning space called MEP;
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e To improve the level of maritime education for
lecturers in the EU; and

e To contribute in bringing the maritime profession
on a higher and more equal level, more known and
more attractive in the EU.

The learning system requests trainers and lecturers
capable to offer the necessary learning materials for the
process. Constanta Maritime University starts programs
dedicated to the lifelong learning, based on a series of
online courses and in parallel to improve its capacities
for this, training lecturers to be able to offer in the future
the requested knowledge and information’s for people’s
involved in the maritime industry.

LMSs are based on a variety of development
platforms, from Java EE based architectures to
Microsoft. NET, and usually employ the use of a robust
database back-end.

6. CONCLUSIONS

Technology and knowledge are now the key factors
of production. Knowledge and expertise can be
transported instantaneously around the world, and any
advantage gained by one company can be eliminated by
competitive improvements overnight. We are now an
information society in a knowledge economy where
knowledge management is essential.

Use of the newest techniques as online and distant
learning, combined with traditional forms of training, or
based on these, seems to represent the optimum solution
for better and high quality learning system inside of the
lifelong learning concept.

A key element of knowledge management is to
enhancing the learning capacity. One way to do so is to
build a learning organization based on KMS principles.
Since the introduction of computer based training in
some shipping companies since a decade, the use of
internet has increased tremendously.
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ABSTRACT

The naval military history of the Hellenistic World constantly brings to light famous characters like Demetrius
Poliorcetes and Ptolemy I Soter or the Carthaginian fleets that sailed towards Sicily to fight against the Greeks on the
island. As regards Agathocles, modern researches concentrate mainly on his political achievements and his terrestrial
military campaigns. This study aims at evaluating the part played by the Syracusan fleet in the wars that Agathocles
waged against Carthage and in the military operations in the Southern regions of Italy. The presence of the Syracusan
warships is attested in the operations that took place in 310 B.C., 307 B.C. or 306 B.C., in the context of Agathocles’
expansion in the Italic area and in organizing the war against Carthage, in 289 B.C.

Keywords: Agathocles, Aspis, Bruttium, Carthage, Croton, Hipponium, Hippo Acra, North Africa, Syracuse, Utica.

1. INTRODUCTION

An overview of Agathocles' life reveals him as a
contradictory character. The most important ancient
literary sources which offer information on his
government are the writings of Diodorus and Justin. The
analysis of these sources resulted in the monographies
signed by R. Schubert and H. Tillyard or the modern
analyses published in The Cambridge Ancient History
[1]. Most modern studies dealing with the Syracusan
leader focus on his political accomplishments and his
terrestrial military operations. His fleet, although present
in the wars he waged in Sicily, in the North of Africa
and the South of Italy, was sporadically and briefly
mentioned.

Immediately after he took over Syracuse, in 316
BC, Agathocles tried to gain popularity through a series
of measures. He made promises to people to cancel their
debts, to redistribute the lands and to create new
workplaces through the extension of the fleet and the
construction of new buildings in Syracuse. After he
reinforced his control over Syracuse, Agathocles started
an expansionist and aggresive policy mainly relying on
the mercenary army and, in some moments, on the war
fleet.

2. SHIPS AND FLEETS IN THE HELLENISTIC
AGE

The standard warship in the classical Greek period
(the 5th century BC) was the trireme, which derives its
name from its three rows of oars on each side of the
vessel. In the 4th century BC and the 3rd century BC, the
warships underwent several modifications and their
denominations also changed. In this period, there can be
found penteres (quinqueremes), quadriremes, hepteres
and even octeres [2].

Although the ships suffered technical modifications,
they did not result in different rows of oars, hence the
numerical reference rests on the number of oarsmen. It is
possible that in a quadrireme, the crew to have pulled at
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two rows of oars with two men per oar. In the case of a
pentere, the crew were pulling either at two rows of oars,
with two or three men per oar, or at three rows of oars
with two men at the upper levels and one at the lower
level. As the number of the persons pulling at the oars
increased, the oars were elongated and the width of the
ship was also extended. This evolution led to the
building of impressive ships, which were used by the
Hellenistic rulers during their state visits and diplomatic
missions. They probably tried to impress with the size of
the ships carrying them or they wanted to show their
wealth, since the cost of such vessel was very high [3].

The most frequently used technique in the sea
battles was the ramming of the enemy ship. For this
reason, the warships in the 4th — 3rd century BC were
equipped with a spur. This device was used to pierce the
body of the enemy ship, using a manoeuvre that required
both speed and precision. In case the spur did not
succeed in breaking the body of the enemy ship, but the
two ships were close enough to one another, a hook was
used to immobilize the enemy vessel, allowing the
soldiers to pass from one deck to another. This procedure
gave results especially in the narrow spaces, within the
harbours or gulfs [4].

3. THE FLEET OF AGATHOCLES DURING
THE AFRICAN CAMPAIGN

The African war waged by Agathocles between
310-306 BC represented the ideal moment for using the
Syracusan ships, because he decided to sail towards the
shore of the North Africa. The previous military actions
had dried the resources but the tyrant took drastic
measures to recruit an efficient army to oppose the
Carthaginian forces. The organization of the African
expedition needed financial resources which determined
Agathocles to seize people’s money and to impose new
taxes [5]. With this aim in mind, he borrowed all the
funds owed by the wealthy orphans, assuring them that
he was going to take better care of the money than their
legal tutors and that he was going to give it back to them
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when they would reach the age of maturity. At the same
time, Agathocles borrowed money from merchants, took
hold of the temple hoards and deprived women of their
jewels [6].

He thus succeeded to prepare 60 ships and 13,500
soldiers, especially mercenaries, for his African
expedition, in 310 BC. Then he waited for the right time
to break the blockade set by the Carthaginians on the
Syracusan harbour. The decisive moment came when a
merchant fleet carrying cereals diverted the attention of
the Carthaginian ships and allowed Agathocles’ fleet to
leave the harbour [7].

After six days of sailing in the Mediterranean Sea,
the tyrant’s army moored safely near Latomiae, at about
110 kms from Carthage [8]. As regards the attack against
Carthage, Agathocles would have diminished his forces
if he had left a unit to secure the defence of the fleet. In
these conditions, the tyrant did something meant to have
a psychological effect on his people. He set the ships on
fire, telling his soldiers that it was meant as an offering
to the godesses Demeter and Kore, the divine protectors
of Syracuse, in order to thank them for the success of the
journey [9].

The ritual firing of the ships put an end to the
"adventure" of the fleet that carried the expeditionary
troops of the tyrant towards Africa. Unfortunatelly, the
literary tradition accounts only about the number of the
ships, without recording any technical details about their
building or the number of oarsmen. Therefore, the
hypothetical reconstructions should be cautiously taken
into account. Agathocles could not have used transport
ships to sail with his troops to Africa because they could
be handled very slowly. In order to avoid the
Carthaginian blockade in the harbour of Syracuse, speed
was the essential factor the tyrant should have
considered. In these circumstances, the most plausible
scenario would have been to build fast warships in the
Syracusan shipyards. The 13,500 men would probably
have turned from soldiers to oarsmen during the six days
of travelling towards the North African shore. Thus,
Agathocles succeeded in placing a fast fleet in the waters
of the Mediterranean Sea, capable of transporting the
fighting troops towards the African continent in the
shortest possible time and without a useless freight. An
incident that took place in the same year, 310 BC, brings
an additional argument in favour of the Syracusan tyrant
using battleships. The Carthaginians gathered the spurs
from the ships Agathocles set on fire and sent them to
Syracuse, as a token of defeating his army in Africa [10].
This device, as shown above, was a main feature of the
warships in the Hellenistic period.

Following 310 BC, when Agathocles succeeded in
creating a powerful military base on the African
territory, the year 307 BC was marked by military
operations on two fronts. In Sicily, the tyrant’s
lieutenants continued to protect Syracuse against the
enemies and in the North Africa he extended his
operations in the territory at the West of Carthage. In this
area, the first important city that surrendered to
Agathocles’ troops was Utica. The Syracusan leader left
a garrison there and then he went to Hippo Acra, which
owned the largest natural harbour in the region. After he
conquered the city, Agathocles built a shipyard in the
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harbour that was supposed to provide him with a fleet
[11]. Somewhere between 310 BC and 307 BC, he
installed another naval base at Aspis [12].

The naval installations built by Agathocles in 310-
307 BC proved their utility during the future events.
After the occupation of the Carthaginian western
territories and the consolidation of his authority in the
conquered regions, the tyrant decided to leave the
African war under the command of his son Archagathus
and to come back to Sicily, in order to suppress the
democratic riot started by Xenodicus. With the vessels
probably built in the shipyards from Aspis and Hippo
Acra (boats and 50 warships), Agathocles left Africa in
307 BC and sailed towards Sicily with a detachment of
2,000 soldiers [13]. Though, one year later, in 306 BC,
the tyrant did not have enough ships to evacuate his
troops from North Africa and tried to leave the African
territory only with a small group of people, made up of
his son Heracleides and other trustful persons [14]. The
reasons for the lack of ships in 306 BC are not
mentioned in the literary tradition, but we can suppose
that Agathocles suffered some naval losses during his
presence in Sicily, in the previous year. This hypothesis
can be true if we take into account the fact that in 307
BC the tyrant had only 17 ships and he could break the
Carthaginian blockade in the harbour of Syracuse only
after he was helped by 18 Etruscan vessels [15].

The events that took place in 307 BC show that
Agathocles, a capable general in land fights, also
understood the important part a fleet could play in the
war against Carthage. Three years earlier, the tyrant
succeeded in building two light ships with 30 oarsmen
and sent them to Syracuse with the mission to announce
his victory in the battle from Tunis [16]. In 307 BC, the
conquering of the maritime cities Utica and Hippo Acra
most probably indicates Agathocles’ intention to set a
permanent communication line with Sicily and to cut off
the Carthage maritime ways of supply. On long term,
with a powerful and numerous fleet, the tyrant could also
thought of setting a naval blockade on Carthage [17].

Analyzing the evolution of the conflict between
Syracuse and Carthage from 312-306 BC, Agathocles
seems to have understood the importance of a military
fleet in a war. His naval activity had been limited in 310
BC due to the lack of proper economical resources but,
in 307 BC, following the conquering of some naval
bases on the shore of North Africa, the tyrant tought of
reinforcing the Syracusan naval power.

4. THE FLEET OF AGATHOCLES DURING
THE MILITARY OPERATIONS FROM
SOUTHERN ITALY

Shortly after the war against Carthage which ended
in 306 BC, Agathocles proclaimed himself king,
following the example of the generals of Alexander the
Great [18]. His new position had to be consolidated
through an active and expansionist external policy and
Agathocles directed his actions towards Italy, where he
carried out military operations from 304 BC to 295 BC.
The extension of his control over the Southern area of
the peninsula could not have been done without naval
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support, be it only for the transport of the troops beyond
the Messina Strait.

Diodorus’ references are useful in order to
reconstruct the role of the fleet in Agathocles’ operations
in Italy [19]. The historian from Sicily mentions the
presence of the Syracusan ruler in the Italian waters in
304 BC, when he plundered the Lipare Islands [20].
Then, for 300 BC, the same author records the repress of
a Ligurian and Etruscan riot started in Agathocles’ army
in the South of peninsula, incident that was followed by
a conflict with the Bruttians, who defeated the king's
army [21]. In 295 BC, Agathocles occupied the city of
Croton, ruled by the tyrant Menedemus, and made
alliances with the lapygians and Peucetians [22]. Later
on, he deployed a big military campaign in Bruttium that
ended with the occupation of the city of Hipponium [23].

During all these actions, Agathocles certainly
needed ships, to transport his troops and to attack the
Greeks cities on the Southern shore of Italy. His last
Italic expedition is significant for the naval potential of
Syracuse at the beginning of the 3rd century BC, because
Agathocles had enough ships to carry more than 30,000
soldiers to the South of Italy. A little earlier, around 300
BC, Agathocles' military fleet was powerful enough to
protect Corcyra against Cassander and to set the
Macedonian ships on fire [24].

At Hipponium, according to the information
recorded by Strabo, the Syracusan king set a harbour
base, that was probably meant for the future operations

concluded alliances with the Iapygians and Peucetians,
offering them ships for piracy actions in the Adriatic
Sea, in order to receive a part of the prize in exchange
[26].

Beyond the political factor, some economical
objectives could be related to the military interventions
in the Southern regions of Italy. After the occupation of
the cities of Croton and Hipponium, Agathocles could
control the naval traffic along the Southern coast of the
peninsula and his allies in the Apulia area ensured the
surveillance over the commercial naval transports
between Greece and Italy [27].

5. CONCLUSIONS

The idea of revenge against Carthage after the
defeat in the 312-306 BC war did not leave Agathocles’
mind until his death. The land troops and an impressive
fleet of 200 ships were prepared in 289 BC for a new
confrontation, but the king died in the same year without
fulfilling his plans against Carthage. According to
Diodorus of Sicily, he intended to block the Carthaginian
cereal imports from Sicily and Sardinia and to invade
again the North African territory [28].

Seen from a political and economical point of view,
Agathocles’ vision on the power balance in the
Mediterranean Sea was a correct one. Though, only with
a powerful land army, Syracuse was an important
Sicilian power. Yet, the fleet was the one that could

in the Italian area and for the gathering of the necessary make his ambition of turning Syracuse into a
timber for the ships, which could be taken from the Mediterranean power come true.
forests of Bruttium [25]. Moreover, in 295 BC, he
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Figure 1. South Italy, Sicily and North Africa
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THE CONTRIBUTION OF MAINTENANCE ACTIVITIES TO THE OPERATIONAL
STATUS OF A TECHNICAL EQUIPMENT

'BUS CAMELIA-GABRIELA, “CARLAN MILTIADE, *BOCANETE PAUL
Ministry of Transport, * S.C. Formenerg S.A, * Maritime University of Constanta, Romania
ABSTRACT

The service period of a technical equipment is greatly influenced by a multitude of maintenance activities:

-interventions that take place at scheduled time-intervals, having the purpose to reduce the effect of atrition on the
structure of the functional modules that form the technical entity;
-solving the ,,out of service” situations occurred as a consequence of the impairment of the operational conditions
caused by the deviations from the recommended exploitation conditions (disregarding the exploitation conditions,
unsuitable profesionalism of human resource, distructive natural phenomena). Anticipated determination of the
remedial intervention moments can be achieved by observing the time behaviour of that specific installation, a defining
element in the substantiation of a preemptive-remedial maintenance schedule for the ,,in service” technical equipment or
for those to be brought to service. This paper considers analyzing the evolution of the contribution of maintenance
activities on the operational status of an equipment, activity that is undertaken by a group of experts, whose opinions —
marks, estimations- , are given in a non-numerical manner, using an arbitrarily proposed, hierarchical scale.

Keywords: Fuzzy hierarchical scale, Semantics, Level, Step, Regression equation, Regression coefficients, Correlation
factor.

The level of the scale reprezents the number associated

1. INTRODUCTION to the respective evaluation; it is deduced using:
"k
The evaluations of experts appertain to a liniar scale, Ok = M

n
and the step is obtained as a difference between two
consecutive levels:

having a certain number of levels, that have a
corresponding in the levels of the scale numerically
defined within the [0;1] interval and which represents

the eficiency (contribution) of maintenance actions. A Aay = — o (2)
linear scale in characterized by the step, A¢r, constant. where:

In the followings, a linear scale shall be used. The scale ny, represents the index of the levels:

has a number of seven levels and it is called a n € [0;6]6 N 3)

septenary scale [1], [2], [3]. The deffining elements of

this scale are given in table 1, and in figure 1

represented the plot of this scale. n™* expresses the position of the highest level.
Figure 1 presents the plot of the linear septenary scale:

Table 1
. . Level | Step % !
n. | n, Semantics Simbol
21% AO!K 0.833
1 | 0 | Unsatisfactory N 0 0 0.667
o |1 | Almost AN | 0,167 | 0,167
unsatisfactory 05 |
3|2 | Lite PS | 0333 | 0,167
unsatisfactory 0333 ey
4 | 3 | Satisfactory S 0,5 0,167 |
514 | Good B 0,667 | 0,167 0.167
615 Aln:f“ VerY | AFB | 0,833 | 0,167
200 ! 2 3 4 5 6 7
7 | 6 | Very good FB 1 0,167 n;

Figure 1. The plot of the linear septenary scale
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In the case when the experts prefer a more precise
scale is composed out of two parabolic segments that
have a sigmoidal convex-concave shape [1] (S letter
shape). For technical applications, the septenary scale
is to be preferred compared to those scales, because the
last ones have a more difficult to comprehend
semantics. The contribution of maintenance to a
technical system presents a slow-ascending temporal
evolution, records a maximum at a certain moment,
and after that shape of the plot becomes rapidly
descending, with a null asimptotically trend — figure 2.

E

Emax

My
M/

! 1* ly 12* t
Figure 2 . The temporal evolution of the contribution of
maintenance actions on the operational status of a

technical system, M, - the optimun point, M : M **
flex points of the plot.

Indeed, because the equipment is new, the need
for maintenance actions is insignificat, or even
unnecessary; as the time passes the maintenance
actions are needed more and more, the repairs prove
their usefullness and the eficiency becomes maximal.
On the other hand, the attrition and the reliability,
affecting more significantly the operational potential of
the installation, demand more expensive and more
frequently maintenance actions and that have an
injustifiable, technically or economically, contribution
on the operational status. Therefore, this is the moment
when the technical entity is to be decommissioned.
Figure 3 presents the temporal evolotions of the
following quantities:

E - the contribution of maintenance;
U - the attrition;
R - the reliability.

DFRA i IFRA 1
1 i i
| |
| |
R ! i
|
| |
| |
|
| |
| |
| |
|
| |
U ; |
|
} |
E ! |
| i
Il
T t* s !
|
|

Figure 3. Temporal evolution of quantities: E, R, U
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Where:

t"is the moment when the attrition increases with
an accelerated rythm;

- expresses the moment of the decommissioning
of the installation;
7 represents the life time of a technical system.

The notations DFRA and IFRA [4] correspond to
the evolution of attrition over the lifetime course of
technical equipment:

DFRA - Decreasing Failure Rate Average;

IFRA —Increasing Failure Rate Average.
Based on the phenomenological evolution of the
function,

E=f(t) )

the following expression for the eficiency of the
maintenance actions contribution on the operational
status of the techical equipment is introduced:

E=Kt"e™ (5)

Where:

t represents the time-interval at the end of which
the operational status of the installation is assest by the
group of experts;

K,m,n - the regression coeficient of which values
are obtained on statistical basis, using ,the least
squares method” [5].

According to the optimum criterion,

L(E)=0 (6)

the optimal time (of maximum efficiency):

i(E):A(%—n]lnE:O

dt
m
ty=— (7
n
Also, the moments of the flex points are obtained:
2
L (E)=0 ®)
dt
% m— \/; * m+ \/Z
ll =, t2 = (9)
n n
The maximum value of the efficiency is deduced:
m
EMaX A(ﬂj (10)
n-e

2. CASE STUDY

It is considered a technical equipment, subject to
an analisys regardind the contribution of maintenance
actions on its operational status. During the time-
interval [1;15] years a group of experts (e j )n have

recorded their assesments.
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The evolution during the course of the time-
interval (15; 28) years has been forecasted in table 2.

Table 2
L\ ¢t | E, t In¢, InE, In* ¢, t,-Int, | Int,-InE, | ¢ -InkE,
1 5 0,167 25 1,60944 -1,78976 2,59030 8,04720 - 2,88051 - 8,94880
2 1 11 0,5 121 2,39790 -0,069315 5,74992 | 26,37690 - 1,66210 - 7,62465
31 15 | 0,833 225 2,70805 -0,18272 7,33353 40,62075 - 0,49481 -2,74080
41 25 | 0,667 625 3,21887 - 0,40496 10,36112 | 8047175 - 1,30351 - 10,12400
5] 28 10,333 | 784 3,33220 - 1,09961 11,10356 | 93,30160 - 3,60418 - 30,78908
Zi 84 * 1780 13,26646 -4,17020 37,13843 | 248,81820 | -10,00505 - 60,22733
The system of equations is obtained: This values appertains to the following scale

3,26646 In A + 37,13843 m - 248,81820 n=-10,00505

{&5,000001;1 A+ 13,26646 m-  84,00000 n =- 4,17020
1
4,00000 /n A +248,81820 m - 1780,00000 »n = - 60,22733

The values of the regression coefficients are calculated:
m=3,85;n=0,247;4=0,001.
Hence, the regression equation is:

E=0,001¢ 385 70:247¢ an
According to (7), (9), (10) the following parameters
are determined:
- optimum moment,

ty =15,6 years
- the moments of plot flex points,

tl* = 7,6 ani;
1 =23,6 ani.
- the maximum contribution (efficiency) of
maintenance E™* =0,832.

interval: 0,85 € [0,833; 1], which corresponds to the

semantic interval: E™ e

Very good ) , or

4.

E max

3. CORRELATION FACTOR

Also called Pearson coefficient [6], it is a measure
of the intensity of the link between the two variables,

E; and E;

( Almost
€ the level of the scale,
E™* =0,832 = a=0,833,error; £=0,12% - figure

very good;

(the last one is obtained out of the

regression equation). The E; values represent ordinate

of points that belong to the curve function and
determined based on the regression equation. Table 3
presents the calculation algorithm for correlation
factor, 77.

Table 3

B - B - 2

i E; E E, E-E | E-E | (5 -Ef (E,- —E,.J
| 0167 0,143 | -0333 | +0,024 | 0,110889 0,000576

2 0,5 0,675 0 | -0.175 0 0,030625

3 | 0833 | 05| 0832 | 10333 | +0,000 | 0,110889 0,000001

4| 0,667 0,502 | 70,167 | +0.165 | 0,027889 0,027225

5 | 033 0370 | -0,167 | -0,0370 | 0,027889 0,001369
> 25 | * * * 0,277556 0,059796
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The value of the correlation factor is to be determined
using:

(12)

According to the calculation data, it can be deduced
that:
17 =0,886.

This high level of the link intensity between E;,

E; variables, confirm a strong correlation.

0.9 ~
0.8 1

0.6
0.5 4
0.4 4
0.3
0.2 4
0.1 4

> 10

L5

Figure 4. The plot of the E = £(t;)

Legend :
A; - points deffined by calculus data;

B; - points belonging to the function plot;
CI*,C; - flex points;

M (to JE max) - optimum points.

4. CONCLUSIONS

The anticipation, over a long period of time, of the
moments when maintenance actions must be
undertaken, is an important factor regarding when
building the supplies of materials, spare parts or
components necessary for the functional retrieval of
installations.

The assesments regarding the temporal behaviour
the installations, corroborated with technical
prescriptions made by the beneficiary, replenished with
the warranties issued by the supplying companies are a
very important informational segment for the
substantiation of the optimal strategy regarding the
maintenance activity.
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AN THE ASSESMENT OF THE MEAN OF OPERATIONAL TIME-INTERVALS FOR A
TECHNICAL EQUIPMENT DESCRIBED BY A WEIBULL TEMPORAL EVOLUTION
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ABSTRACT

The mean of the operational time-intervals, MTBF (Mean Time Between Failures) is one of the most important
parameters in ,,The theory concerning the reliability of systems”. It is a quantity described by the opposite value of the
failure intensity of a retrievable system and it indicates the mean time-interval between two consecutive failure
situations of a one entity. The assesment of this quantity, when assuming the case of a Weibull distribution, is different
compared to the exponential model version. This paper analyzes a ,,case study” where two technical equipments — water
heaters — have a different time evolution: one of them is described by an exponential distribution of the operational
time-intervals whereas the other is described by a Weibull operational behaviour.

Keywords: Normal distribution assesment test, Weibull distribution assesment test, Calculation quantile, Test quantile,

Likelihood threshold, Standard deviation, Variation coefficient.

1. INTRODUCTION

It is considered the temporal evolution of one
entity. According to figure 1, it is ascertainable that,
during a certain time-interval, the technical equipment
has recorded a certain number of failure situations. The
mean of operational time-intervals is defined by the
arithmetical average of operational time-intervals.

gl 'n U

Iy ' Irn

Figure 1 Time-evolution of a retrievable system

In figure 1, 7, tr/, i=1n, j=1;m are the time-

intervals when the system is operational or out of
service. The mean of operational time-intervals,
respectively, the mean time to repair (MTR), are
presented in [1], [3], [4], [5], [6], [9]:

2.

MTBF =—_

n
2.1
MTR = )

m
These two equations are used only when the
distribution function of time-intervals is exponential:
m,n represent the number of time-intervals when the
system is operational (m), respectively, out of service
(n). The assement of these quantities is preceded by the

(1)

,i=Ln

, j=Lm
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process of revising the behaviour of the system: if the
proposed assumption does not confirm the exponential
character of the operational time-intervals , the Weibull
version is validated, or any other type of distribution,
each model determining a certain calculation process.

2. CASE STUDY

This paper sets a goal in analyzing the operational
evolution of two thermal transmission devices, parts of
a naval instalation endowment, during the course of
four years (1461 days). The duty cycle of heat-
exchanging devices requires simultaneous operational
status, in most cases, of both technical equipments.

The ship also has a third heater, able to
automatically absorb the flows of the other heaters in
overload situations, in both heat-exchanging devices go
out of service. The time-evolutions of the two
equipments are described in table 1.

According to (1) and (2), the values of the two
parameters, MTBF and MTR, are deduced obtained
based on the informations presented in table 1, as
follows:

a. — for heater H;:

MTBF= 159 days between two consecutive failures;
MTR=4 days between two consecutive operational
conditions.

b. — for heater Hj:

MTBF= 204 days between two consecutive failures;
MTR=5.5 days between two consecutive operational
conditions.

These are the values of MTBF and MTR
quantities, when considering that the service behaviour
of each equipment is of exponential nature.

Table 2 presents the calculus elements necessary
in order to establish the exponential character of the
operational time-intervals.
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Table 1

Heat exchanger number one

il v -] 2 - 3 - 45 |-l6 -7 |-|8]-]9 Zl:
i 1226 -1203 |- |109| - |276|-|204 | -|218|-]60|-|75]|-]60] 1431
G-l - 2 -3 - 4] -5 - 6| - |7]-1]8]- Z/:
ol o= 14l - (3] - |5 - 3| - 5] - |3|-1|2|-1]5]|-] 30

Heat exchanger number two

i 1 - 2 - 3 - 4 - 5 - 6 - 7 Z
Z; 258 | - | 196 | - | 249 - 158 - 202 - 113 - 252 | 1428
j - 1 - 2 - 3 - 4 - 5 - 6 - Z
J
t j - 6 - 5 - 8 - 5 - 5 - 4 - 33
Table 2
Heater number one o wup
] ‘ p {—1 (t. ~ ;)2 W,.,,W,, are the quantiles of the test, the
! lower/upper limits presented in table 3;
1 226 159 +67 4489 n - the number of the operational time-intervals;
2 203 159 +44 1936 P — likelihood threshold; for this table, the value
3 109 159 | -50 2500 P=0.95 is considered;
4 276 159 | +117 13689 W, — calculated quantile — relation (4):
5 204 159 +45 2025
6 218 159 +59 3481 Table 3
7 60 159 -99 9801
8 75 159 -84 7056 P =095
9 60 159 -99 9801 n it s
REEE * 54778 w w
. 7 0,025 0,260
! 8 0,025 0,230
9 0,025 0,205
Heater number two 2 2
1 258 204 -54 2916 1(1) 8832 8’}22
2 196 204 -8 64 12 0’025 0’153
3 249 204 +45 2025 3 0’025 0’140
4 158 204 -46 2116 1 0’024 0’128
202 204 -2 4 . 2
2 1(1)3 284 91 8281 15 0.024 0,119
- 16 0.023 0,113
7 252 204 +48 2304 7 0'023 0’107
Z 1428 * * 17704 18 0.022 0’101
i 19 0.022 0,096
20 0.021 0,090
21 0.020 0,085
) 22 0,020 0,080
In order to asses the exponential nature of the 23 0.019 0.075
operational time-intervals given in table 1 and table 2, 24 0’019 0’069
the Hann — Shapiro-Wilk [7] model is used. According 25 0’018 0’065
to this model, the distribution checks out to be of 2% 0’018 0’0 62
exponential nature if the double inequality is fulfilled 27 0’ 017 0’0 53
117: 2 2
(1] inf sup 28 0,017 0,056
Waip <Wo <Wpi3 3) 29 0,016 0,054
where: 30 0,016 0,053
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Z(ti_;)z

S “4)

=)

After calculating quintiles presented in table 3 test we
optain:

Wo

- for heater H, :

Wy =0,0267
According to the restrain (3):
Wah.p=o,95 = 0,025 < Wy = 0,0267 < W5, o = 0,205

The imposed condition beeing fulfilled, this
validates the assumption of a normal distribution for the
operational time-intervals of the time evolution of heater
H;. Hence, the values of MTBF and MTR quantities,
previously deduced, are corect.

- for heater H, the following quantile is obtained:
W, =0,0087

It can be noticed that the imposed validation
conditions are not fulfilled: the quantile does not pertain
to the range (W™ ; W*P), for heater H,.

Consequently, it is put to proof if the repartition of

operational time-intervals determines a Weibull
hypothesis.
According to the model MANN-

SINGPURWALLA-GUPTA [11], prescripted for these
types of cases, table 4 is built:

Table 4

! ti ti+1 - ti AE(Zi) li

1 113 45 1,079055 | 41,703157

2 158 38 0,591587 | 64,234001

3 196 6 0,442789 13,550472

4 202 47 0,387289 121,356403

5 249 3 0,387714 | 7,737662

6 252 6 0,480648 12,483148

7 258 - - -

Z * * * 261,064843
where:

-the values of time-intervals are registerd in a descending
order;
-the statistical quantity AE(Z;) is drawn out form table 5.

For the analyzed case, the significant sample is the one
corresponding to values ¢; , n=7;
-quantity /; from table 4 is determined using (5):

ti+1 _li

i AE(Z,) (5)
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Table 5
T AEEZ) | S
1 1,115718
2 0,645384
5 3 0,532445 0,95
4 0,583273 0,77
5 - 0,86
1 1,093929
2 0,612330
6 3 0,474330 0,95
4 0,442920 0,76
5 0,522759 0,86
6 - 0,73
1 1,079055
2 0,591587
3 0,442789 0,95
7 4 0,387289 0,77
5 0,387714 0,86
6 0,480648 0,74
7 - 0,80

The following statistics is calculated:

(6)

(Parenthesis {g} is the full part of the fraction. Hence

{%}:[3,5]:3). It follows that the numerator of

relationships (6) is obtained adding the values of
quantity /; , starting with line /=4. It is obtained that:

e LHALSTI2ZI3 o 542, The  Weibull
261,064843
hypothesis is accepted if the inequality is fulfilled:
§¢<s” )

S" is the quantile of the test. For n=7 and a likelihood
threshold, P=0,95, the test quantile is S'E {0,95; 0,77;
0,86; 0,74; 0,80}, and the calculated value os inferiour to
any S values belonging to the previous period.

A Weibull repartition hypothesis is confirmed for the
operational time-intervals of heater two.

The Weibull repartition function is expressed as follows:

Gl

F=e " (8)
where y is the position parameter # is the variance
parameter and k is the shape parameter. The specialized
literature, refering to the signification of these quantities,
states: y - the minimum time-interval until a failure of a
certain entity is recorded; 7 emphasizes the characteristic
operational time-interval; f reflects the intensity of the
attrition process [2], [8] . Usually, y is considered to be
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null. Consequently, the reduced form of the repartition

function is:
k
t
F=1- exp(—j
n

The reliability of an equipment having a Weibull

behaviour, is:
p k
R=—exp| — )
(’7}

In order to determine the values of the parameters of
Weibull distribution, the method of the moments will be
used, method proposed by K.Pearson [7]. To this end,
the following phases are covered:

- the mean square deviation is calculated, o:

(8)

o (10)
n
- the variation coefficient is calculated, CV :
cv=2 (11)

t
-from table 6, for this value of the variation coefficient,
the following quantities are considered: gg , V3, B -
obtained through interpolation: gg=0,2253; V3 =0,9193;
p =4,622. The quantity MTBFy is deduced — the mean
of the operational time-intervals according to the

Weibull version: MTBFy, = 6’-1{%4&} where:

Hzi (12)
8p
1
I'=|—+1|=V 13
(/fJ p (2

and the quantities gpl; are drawn from table 6,
according to CV quantity.
It is obtained 6 = 223 days (relation (12)). It is

deduced that MTBFy = 223 - 09139 = MTBFy =

204 days; the = MTBF), relation checks out.

Knowing the quantities MTBF, and MTBFy , the
maintenance frequency is obtained [10], for the two
heaters during one year 7,,= 365 days:

Tan

MTBF,’

- heater H;: f(MTBFe )=

365

f(MTBFe)zﬁz f(MTBFe)E 2,3: two corective

actions and two preventive inspections per year.
T,

an

MTBFy, ’

- heater Hy: f(MTBFy,)

365

- f(MTBFy )= 1= f(MTBFy )=2

corective actions per year.
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Table 6
ks Vs Ep v
0,900 1,0520 | 1.1719 | 1,1130
1,000 1,0000 | 1,0000 | 1,0000
1,100 0,9649 | 0,8783 | 0,9102
1,500 0,9927 | 0,6129 | 0,6703
4,000 0,9064 | 02543 | 0,2805
4,500 0,9126 | 02301 | 02521
5,000 09182 | 02103 | 02291

3. CONCLUSIONS

For the same equipment, the MTBF parameters
have a smaller value when using Weibull hypothesis
compared to the exponential version.

The Mean of Operational Time-Intervals depinds of
the shape parameter, f3, the one that indicates the attrition
status of the technical equipment.

In the hypothesis of an exponential distribution, this
parameter is equal to the unit value, which implies a
constant attrition level, during the entire course of the
equipment service time.

The MTBF quantity is also a criterion when
scheduling maintenance operations- relation (1).
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THE MAINTENANCE TEAM
STATISTICAL AND CYBERNETICAL ANALYSIS

'BUS CAMELIA GABRIELA , 2COSTEA MARIUS AUREL , ‘BOCANETE PAUL, ‘CARLAN
MILTIADE

Ministry of Transport, *The University of South- East Europe Lumina, Romania, > Maritime University of Constanta,
s.C Formenerg S.A.

ABSTRACT

The paper present an approach of structuring the work group - the team- in order to perform maintenance
activities. Optimum selection of staff requires the decisional factor to conduct a thorough analysis concerning:
professional training of team members, efficient use of work time, achievment of full congruence between the work
complexity and the skills of workers, diminishment of time interval allotted to tecnical support when the features of
work activities exceed the operational potential of the group, avoidance of wasting human resources that have higher
qualifications compared to the profile of the activity and also achieving a sinergistic performance level concerning
work cooperation of executing group.

Keywords: Service factor, Regression equation, Correlation ratio, Degrees of freedom, Quantile, Markov chain,
Carson-Laplace transform, Transfer function, Reverse transform.

lim Gy =0

1. INTRODUCTION M=0 (3)
lim Gy =0
M —oo

Service factor, G, of a group is a quantity and the regression equation that meets this set of

defined by the relation [1]: restrictions is considered to be like [4]:
M _ -cM -M
Gy =—2-100 [%] (1) Go=4-e* (1—6 ) )
M where A, c¢ are the regression coefficients of the
Vﬁre function.
M, is the average number of members of the directly Is noticeable that the proposed regression relation
productive staff (assesed by the work process analyst); meets the set of restrictions (3) and has an extremum
M - the number of members of staff available to the point whose abscissa gives the personal optimum
group. number, M :
Concerning the average number of actually daG,
executing staff, this results from the equation —=0 = My =Gy (%)
Me ; where:
A - 1
MfT,J—Lm @) Mozlnc+l (6)
c
Mejis the number of executing staff members The plot of Gy = f( M) function is given in figure 1:
observed by the analyst during the m moment of time
intervals (days, weeks), belonging to a sufficiently Gol%]

cogent time interval, chosen with the purpose of
obtaining pieces of information characterized by a high
degree of likelihood. i E——
In order to determine (identify) the moments for data
recordings, techniques of the Monte Carlo simulation
method [2], [3] will be used.

Relation (2) is meaningfull only if the skill level of

executing staff , and also workplace logistics, during I I M
the time when data recording takes place, meet the 0
demands imposed by project execution. Figure 1 Plot of Gy = f (M ) function

Determining a relation like Gy = /(M) imposes the . . .
ne fon A 0 = /(M) imp where Gy'* is the maximum level of service factor.

subsequent restriction (phenomenological restrictions): According to the least squares method [4], the

following relation is obtained:
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2
S = Z[Goi — Goi ] = minimum
i

(7
the of the

deviances; Goi - noticed values of the service factor of

where: § s sum of the squares

the M, executing staff members and Go; is the values
of the service factor belonging to the regression
equation. Linearizing relation (4) and taking in
consideration the conditions imposed by this method:

(8
Xy
oc

the Gauss equation system is obtained:

nlnA —cZMI- = ZlnGol. + Zln(l _oMi )
A M-S M =S MpinGiy + S el )
i i i ;

Primary data (Mi,Gol.), izl;_n, of the n volume

statistical sample will be determined according to one
of the Monte Carlo simulation method procedures as
follows:

-the 7 ratio is calculated:

r=—

(10)
1
where @ is a certain time interval measured using time
units (days, weeks, etc.);
-the N natural number is inferred; N * consists of
five digits of the fractional part of {5} ratio ;
-from table 2 of random number, extract from the
statistics of Rand Corporation american company, 7

numers are kept, N <N *, belonging to one (some)
certain column(s); the position of these N indicate the
moment when the analyst, accompanied by the person
in charge of that particular job, project, can assess the
service factor of the M members of the work group.

Therefore, according to the rank (position) of this

number, the moment for assessing the GOi service

factor is identified.

The degree of proximity of values Goi , Go; is defined

by the quantity, correlation ratio [5]:

Z[Goi ‘G:)iJz

-1 5 (11)

zfora

i

]7:

G is the average level of the service factor.

Table 1 gives the values of this quantity for different
scenarios:
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Table 1
n Correlation meaning
0<n<0,2 insignificant correlation
0,2<17<0,5 low correlation
0,5<1n<0,75 medium correlation
0,75<1n7<0,95 high correlation
095<ny<1 deterministical correlation

A probabilistical analysis of the structure of the
work group (the team), variable in different moments
of data recording process can identify a possible trend
of defectiv staff allocation. This is the case when an
oversizement of the effectively executing work group
is noticed. This situation can be highlighted if-
according to Markov chain theory [6], applied to the
temporal evolution of couples (M;, G, ;) an »entropic

degradation trend” is proven. Obviously, in a situation
like this one, the Shannon entropy [7] has an ascending
trend. The deciding factor, when noting this situation,
has to resize the team with an optimum number of staff
members, according to those previously shown.

The maintenance team, defined in this ,,case
study”, is a cybernetic system, whose adjustment
mechanis is, obviously, the deciding factor.

2. CASE STUDY

THE OPTIMUM SIZING (STRUCTURING) OF
A MAINTENANCE TEAM. Solving this problem
involves undergoing a statistical route presented in in
the followings. Determining data recording moments.
Let there be n =16 weeks belonging to a time interval
6 =80 consecutive weeks.

According to  (10) yields: r= g = r =0,20000,

therefore, N € [00000;20000] .

The moments (weeks) for the random selection of
couples (G M i), are to be identified based on table
2, columns 4 and 5. The highlighted numbers —from
this table- are associated to the order (succession) of
data registration. Registered elements (Goi’ M;) are

given in table 3:
Table 3

M; |6 5 5 4 6 6 4 4

Go; | 75| 70| 80| 65| 75| 75| 70| 70

M; |8 5 4 6 5 8 8 8

Go; |75 |75 |75 |75 |75 |65 |75 |70

The statistical sample can be a useful reference to
define the regression equation (relationship (4)) that is
representative. Taking in consideration the relative
small amount of  registered data, their
representativeness is to be accepted only if a Poisson
distribution hypothesis is validates [8], [9]. Table 4

given the calculation procedure for ;(2 quantity, this
beeing, according to Pearson method, the criterion for
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confirming the reprezentativeness of samples, only if

the following condition is met: ;(3 < ;(5; P (12)

where: ,{Cz is the calculated quantile; ;(3- test

quantile; v - the number of degrees of freedom is held
in the table 6 [10], 72

v=n—(y+1) (13)
Table 2

38631 | 90045 | 69696 | 48572 | 05917 | 51905 | 10052

37984 | 77892 | 89766 | 86489 | 46619 | 50263 | 91136

84260 | 19693 | 36701 | 43233 | 62719 | 53117 | 71153

49095 | 84746 | 22018 | 19014 | 76781 | 61086 | 90216

77707 | 54317 | 48862 | 53823 | 52905 | 70654 | 68212

01951 | 72166 | 52682 | 97598 | 11955 | 73018 | 23528

31794 | 86423 | 58037 | 36065 | 32190 | 31367 | 96007

03652 | 80824 | 33407 | 40837 | 97749 | 18364 | 72666

55159 | 62184 | 86208 | 09764 | 20244 | 88388 | 98675

44999 | 36785 | 65035 | 65933 | 77378 | 92339 | 96454

60144 | 65591 | 09774 | 16216 | 63561 | 59751 | 78771

86031 | 83148 | 34970 | 30892 | 53489 | 44999 | 18021

27311 | 61586 | 28576 | 43092 | 69971 | 44220 | 80410

92335 | 55299 | 27161 | 64486 | 71307 | 85883 | 69610
81142 | 44271 | 36433 | 31726 | 74879 | 89348 | 76886

55921 | 82774 | 62745 | 48338 | 88348 | 61211 | 88074
87613 | 94627 | 63622 | 08110 | 16611 | 88599 | 02890

36897 | 17215 | 73339 | 69856 | 43622 | 22567 | 11518

37618 | 94851 | 63020 | 65348 | 55857 | 91742 | 79508
70630 | 37136 | 50922 | 83387 | 15014 | 51838 | 81760

01629 | 72184 | 33853 | 95144 | 67943 | 19345 | 93469

78555 | 97442 | 78809 | 40575 | 79714 | 06201 | 34576

85974 | 68067 | 78814 | 40103 | 70759 | 92129 | 46716

84157 | 23241 | 49332 | 23646 | 09390 | 13032 | 51569

80335 | 58090 | 85871 | 07205 | 31749 | 40571 | 51755

45538 | 41435 | 61103 | 32428 | 94042 | 39971 | 63678

84904 | 50163 | 22625 | 07845 | 71308 | 00859 | 87984

23149 | 07370 | 65065 | 06580 | 46285 | 07884 | 83928

23023 | 83242 | 89938 | 40510 | 27252 | 55565 | 64714

81645 | 60479 | 71035 | 99380 | 59759 | 42161 | 93440

78156 | 07871 | 20369 | 53947 | 08534 | 39433 | 57216

46255 | 80541 | 42903 | 37366 | 21164 | 97516 | 66181

44260 | 90570 | 01632 | 21002 | 24413 | 04671 | 05665

34660 | 22510 | 71558 | 78228 | 42304 | 77197 | 79168

59480 | 88092 | 00441 | 96016 | 76091 | 51823 | 94442

25479 | 77684 | 88439 | 35112 | 26052 | 57112 | 91653

76297 | 15290 | 84688 | 74002 | 09467 | 41111 | 19194

59327 | 44422 | 53372 | 27823 | 25417 | 27150 | 21750

47284 | 05578 | 88774 | 15293 | 50740 | 07932 | 87633

26886 | 70002 | 96643 | 36008 | 02239 | 93563 | 66429
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Table 4
k 1 2 3 S
k
Goy, 65 [ 70 | 75 | 80 *
fi 2 4 9 1 16
N 16
JiGoy 130 |280 |675 ‘80 1165
- 73
Goy
S [ 3] w21+ *
64 | 9 4 49 *
(Goy, ~Go)?
128 | 36 | 36 | 49 | 249
i (Go, =Gy)’?
o 4
X, 2 0,75 [+0,5 1,75
#(X;) 0,023 0,204 [0,464 (0,309 | *
i 0,023 0,204 [0,464 (0,309 [1,000
Npy, 0,368 [3,264 |7,424 [4.944 | *
fi —Np, 1632 0,736 [1,576 [3,944 | *
(fi - Np)? 003 0.542 [2484 5555 | *
3,146 10,883

(fk_NPk)2 7,236 0,166 [0,335

Npj

n - with the known signification, and ¥ expresses the
number of estimated parameters: ¥ =2 ( the average

value G and the o deviance):

D Ji -Gy
_k
N

Gy

2
ka(Gok _GOJ
K

o=

N
N=ka
i

(14)

15)

(16)

and P expresses the likelihood level of statistical

samples representativeness:

P=1-«
a is the risk factor(coefficient);

Go — G,
X, ~ 0% 0

pr =X, )-o(X, -1)

amn

(18)
(19)

in the last p}: value, the followings are inferred:
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(20)

plt =1_Zpk
k-1

#(X ) is Gauss — Laplace function, whose values are
obtained from table 4.

The calculated quantile of the test, ;(Cz is deduced
according to:

2
22 :z(fk ~N-pi)
-4 N-pi
The hypothesis of Poisson repartition, according to
(12), is validated:

2 2 _
Xe =10883 < ¥p_ 95.pm16-(241) = 224

Quantile value test ,1/12“} is extracted from table 6.

€2y

Hence, the representativeness of data belonging to the
statistical sample is confirmed.

Table 5

X loly) |2 |ox) | X | olx)
1 2 1 2 1 2
2,9 [0,0009 |-09 |0,1841 | 1,1 | 0,8643
2,8 [0,0026 |08 | 02119 | 1,2 | 0,8849
-2,7 10,0035 -0,7 | 0,2420 1,3 0,9032
2,6 | 0,0047 | 0,6 | 02743 | 1,4 | 0,9192
2,5 [0,0062 |05 | 0,3085 | 1,5 | 0,9332
2.4 [0,0082 | -04 | 03446 | 1,6 | 0,9452
23 [0,0107 |03 |0,3821 | 1,7 | 009554
-2,2 | 0,0139 -0,2 | 0,4207 1,8 0,9641
2,1 [0,0179 |-0,1 | 04602 | 1,9 | 0,9713
2,0 (00228 [0 ]0,5000 | 2,0 | 009772
1,9 [0,0288 | 0,1 |0,5398 | 2,1 | 09821
1,8 [0,0359 02 |0,5793 |22 | 09861
-1,7 10,0446 | 0,3 |0,6179 |23 |0,9893
-1,6 10,0548 | 0,4 |0,6554 |24 |0,9918
1,5 [ 0,0668 | 0,5 | 0,6915 | 2,5 | 0,9938
-1,4 10,0808 | 0,6 |0,7257 |2,6 |0,9953
1,3 (0,098 | 0,7 |0,7580 | 2,7 | 0,9965
12 [0,1151 |08 |0,7881 | 2,8 | 0,9974
-1,1 | 0,1357 0,9 0,8159 2,9 0,9981
-1,0 | 0,1587 1,0 0,8413

In figure 2, the plot of the Poisson repartition function
is given: f(GOk )= (p(GOk )

S Gy
9] Cpe—
8,
7]
3 /\
5,
B
4,
3,
A
2,
14 D ﬁ’\
0 65 70 75 80 Gk

Figure 2 The plot of function f (GOk)=¢(G0k):
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I (Go k ) represents the frequency of different values of

the service factor.
This discrete type function is defined only in A,B,C
and D points. The continous shape shows the
placement trend of these points.

Table 6

0,80{0,900,95]0,980,99 0,995/0,998|0,999

5,99
7,29
8,56 [10,64(12,59[15,03
9,80 [12,02[14,07] 16,6
11,03[13,36[15,51] 18,2
12,24/14,68/ 16,9 19,7
13,44[15,99) 18,3 [ 21,2
14,63(17,3[19,7]22,6
12 [15,8(18,5]21,0]24,1
13 |17,0]19,8[22,4]25,5
14 |18,2]21,1]23,7]26,9
15 |19,3[22,3(25,0(283
16 |20,5[23,5(26,3[29,6
17 (21,6 [24,8]27,6(31,0
18 [22,8126,0(28,9(32,3
19 [23,9(27,2]30,1(33,7
20 25,0 [28,4]31,4]35,0
22 |27,3]30,8]33,9(37,7
24 [29,6]33,2]36,4]40,3
26 |31,8]35,6]38,9]42,9
28 |34,0(37,9]41,3]45,4
30 |36,3]40,3[43,8]48,0

7,78 19,49 [11,67]13,28] 14,9
9,24 [11,07]13,39[15,09] 16,3
16,8 18,6
18,5203
20,1]21,9
21,7]23,6
23,2(25.2
24,7(26,8
26,2283
27,7]29.8
29,1313
30,6 (32,7
32,0|342
33,4357
348372
36,2]38,6
37,6 40,0
40,3 42,7
43,0]45,5
45,6 48,2
483]51,0
50,9 [53,7

16,9
18,9
20,7
22,6
243
26,1
27,7
29.4
31,0
32,5
34,0
35,6
37,1
38,6
40,1
41,6
43,1
45,9
48,7
51,5
543
57.1

18,5
20,5
22,5
243
26,1
27,9
29,6
313
32,9
345
36,1
37,7
39,3
40,8
423
438
453
48,3
51,2
54,1
56,9
59,7

oy = IS RO IS RO N RV N Z

Figure 3 presents the plot of Gy = f (M ) function,
built based on (M,- , GOi ), i= R data couples:

G,[%]
80
75
70
65

60:

e A
Figure 3 The plot of functiei Gy = f (M )

The calculation process of the regression
coefficients— relation (4) and equations system (9) — is
synthesized in table 7.

Hence: 4=743; ¢=0,002543; M€ [5;6] executing

staff members; G " =75% .
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Table 7
i M; Gy, M12 1—e Mi In(1 - e Mi ) | M;In(l1- e Mi ) In Gy, M;In G,
1 6 75 36 0,99752 -0,00248 -0,01488 4,31749 25,90494
2 5 70 25 0,99326 -0,00676 -0,03380 4,24849 21,24245
3 5 80 25 0,99326 -0,00676 -0,03380 4,38203 21,91015
4 4 65 16 0,98168 -0,01849 -0,07396 4,17439 16,69756
5 6 75 36 0,99752 -0,00248 -0,01488 4,31749 25,90494
6 6 75 36 0,99752 -0,00248 -0,01488 4,31749 25,90494
7 4 70 16 0,98168 -0,01849 -0,07396 4,24849 16,99396
8 4 70 16 0,98168 -0,01849 -0,07396 4,24849 16,99396
9 8 75 64 0,99966 -0,00034 -0,00272 4,31749 34,53992
10 5 75 25 0,99326 -0,00676 -0,03380 4,31749 21,58745
11 4 75 16 0,98168 -0,01849 -0,07396 4,31749 17,26996
12 6 75 36 0,99752 -0,00248 -0,01488 4,31749 25,90494
13 5 75 25 0,99326 -0,00676 -0,03380 4,31749 21,58745
14 8 65 64 0,99966 -0,00034 -0,00272 4,17439 33,39512
15 8 75 64 0,99966 -0,00034 -0,00272 4,31749 34,53992
16 8 70 64 0,99966 -0,00034 -0,00272 4,24849 33,98792
Z 92 * 564 * -0,11228 -0,50144 68,58218 | 394,36558
The link (correlation ) between the average values regression function is highlighted by the Pearson
of the service factor specific to a certain number of correlation ratio, quantity obtained according to the
- ~ calculus presented in table 8:
staff members, Go; and Go; values, belonging to the
Table 8
M Goy | G | Go=Go | G | GGy | Gog-G0r | Goy—Gupy?
Goy 0 Goy=Go | Goj | Goy=Goy | ( 07~ 0)" | (Go;=Goy)
1 4 70 -3 71 -1 9 1
2 5 75 +2 73 +2 4 4
3 6 75 73 +2 73 +2 4 4
4 8 71 -2 72 -1 4 1
k

In this table, the average service factor associated to

the same number of staff members Gy , is obtained

using the relation:

(22)

q is the number of service factor values for the same
number of staff members (¢ =4 for any M value).
The correlation ratio is obtained — relation (11):

10
n=,/1 o1 =n=0,724
According to table 1 a medium intensity correlation is
obtained — obvious consequence of the relatively small
size of the statistical sample. From a systemical point
of view, the maintenance team has a temporal
evolution,defined by the four states—variable number of
executing staff members: M e [4;5;6;8] executing staff
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members. Thus , according to the succession of
M, values from din table 7, the transition graph is

presented in figure 4:

Figure 4 Staff members number transition graph
Using Markov chaines theory , ,,state probabilities ” in
stabilized conditions can be determined [6]:
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- pZ : for the staff, M =4 executing team member;
- p;: for the staff, M =5 executing team member;
- pz : for the staff, M =6 executing team member;

- p;: for the staff, M =8 executing team member.
The probabilities concerning using a certain number of
members in a team, M € [4;5;6;8] are equal; there are
four years since each executing staff is called, therefore
the frequency f(M,)=4.

It is obtained that
plovy)= L)

n

(23)

P(Mk ) = % = p(Mk ) =0,25, value associated to

each executing staff, inferred based on the statistical
protocol — column 2- from table 7.
Depending on the succession of work groups, (table 7,
column 2) and the graph of transitions from figure 3,
the transition probabilities matrix (stochastic matrix)
[M] is obtained:

lag a5 lae s

Isq Iss Ise Isg

[M]=

lea lgs les I

I lgs lge Isg
The ,, dynamic matrix” [D] results:

[D]=[m]-[1] (24)
[[ ] is the ,,unit matrix™:
1 000
1= 0100 25)
0010
000 1

The dynamic matrix is obtained:

DPaa =1 Dys Pas Dasg
Psa Pss—1 Pse Pss
[D]=
Pea Pes Do —1  Pes
Pga Pss Pse Psg —1

The linear equation system (S) is obtained:
(Pas —DPy+ P3 - D5+ Pes* Po+ Psa~ Ps =0
Psa Pa+(pss—Dps+ pss - Pe + Psy - Ps =0
($)) Poa - P+ Pos - Ps +(Pss =D pe + Pog - Ps =0
Psa - Pa+ Pss - Ps+ Py - Po+ (pss =1)pg =0
Pa+ps+ pe+ pg =1

The values of transition probabilities Pens 8> h=4,5,6;8

are deduced according to the successions of staff
repartition, extracted from table 7, column 2; the
calculation process of these transition probabilities is
given in table 9. In this table f,, is the frequency of

the gh transition, p,, is the probability of this

transition. The transition probabilities are obtained
through this process, and the ,state probabilities in
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stabilized conditions” pz , p; , pz , p; are obtained
solving the equations system. The f,;, probabilities are

calculated according to the relation:

Doy = fgh
< ngh
4

Based on this data , the following linear system of five
equations and four variable is obtained:

—0,75p, +0,5p5 +0,25p, =0
—0,75p;5 +0,5p; +0,333pg =0
0,5p, —0,75p =0
0,25p, +0,25ps —0,333pg =0
Pa+ps+pg+pg =1

(26)

(S):

In order to solve this system, one variable is substituted
from the last equation of (S*) system and replaced in
one of the any other three equations.

The obtained values are: pZ =0,22339; p; =0,04478 ;

pe =0,14925; pg = 0,58258.

Compared to the equal levels:
Pa=p5=pe=pg =025 of the initial state, an
increasing trend is set for the probability of oversizing
the work group, 8 executing staff members, but which
does not belog to the optimum number of executing
staff members: M, e [6;7].

Therefore, it is necessary to determine the optimum
number of maintenance team staff members. If
contrary, a disorganisation trend of staff repartition
will be noticed. This undesired situation is evidenced
by the enthropy evolution from the initial repartition
situation to the stabilized state.

Table 10 presents the level of enthropy for both

situations: H /?,H Z .
The determination of this quantity is performed
according to a Shannon meaning:

HO = —ﬁ[pg,f In pf‘} + (1 - p% )ln(l - pg,j )] (27)

*

M AN I

In initial scenario, for the team repartition probability
with a different number of staff members, but with the
same frequency ( f (M k ) = 0,25) , the enthropy has the

same value for any number of staff members,
M e [4;8]:

H° =-1,442695[0,25(—1,38629)+0,75(— 0,28768)]
H® =08113 bit.
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Table 9
M=4 M=5 M=6 M=8
State

Jan Pap Ssi Psy, Jon Pen Ssn Ds),
M=4 1 0,25 0 0 2 0,50 1 0,25
M=5 T 2 0,50 1 0,25 0 0 1 0,25

53
M=6 | £ 1 0,25 2 0,50 1 0,25 0 0

ol

3
M=% | = 0 0 1 0,333 0 0 2 0,667

In stabilized regim (permanent), the enthropy
diminishes for for the staff repartition M e [4;5;6],

but increases if the ascending trend is kept for the

increasement of the number of effective executing staff
members upt to the level M =8.
Table 10 highlights this situation:

Table 10
Moment 0 Moment *
M 0 0 * * Deviance
Bl pP(Mmy) | HO(My) | p (My)| H (M)
-bit -bit

4 0,25 0,8113 0,2233 | 0,76630 | 55% diminishment
9 9

5 0,25 0,8113 0,0447 | 0,26379 | 67,5% diminishment
8

6 0,25 0,8113 0,1492 | 0,60797 | 25,1% diminishment
5

8 0,25 0,8113 0,5825 | 0,98026 | 21% diminishment
8

Therefore, the increasement trend for the number
of staff members determines a chaos situation,
determining a service factor with an obvious
recrudescence perspective.

The optimum functionning regim for the
maintenance team, as a cybernetic system, is defined
by its repartition with an optimum number of staff
members ([4] — quote). In figure 5, a system like this is
presented: the maintenance team. This analysis taked in
consideration two quantities:

-input quantity defined by the number of staff
members, M ;

-the output quantity, considered as the service
factor achieved by the members of the team; G (M).

P
M I The team Go(M)
+AM AG,
R

Figure 5 The maintenance team, a cybernetic system

In this figure, excepting the reminded input/output
quantities M si Gy(M). -, others intervene: R - the

adjustment factor of the system activity, deviances
from the optimum regim: ZAM # 0, whose effect is the
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diminishment of the service factor (— AG )L P
assemblage of disturbances that generate these
deviances: inferior skills level compared to activity
requirements, morally and physically worn out
logistics,  defective purveyance, poor ergonomic
requirements, oversized staff (wasted human resource),
ete.

Using the Carson — Laplace transform, the transfer
function of the system is obtained, AM(S): the ration

of C—L transforms for the input/output quantities:
_ LGy (M)

AM(S) —
L'm

(28)

where
LGy (M) = AL [e_c (1 —eM )J (29)
From table 11 we use:

_ 1
LM = — 30
S (30)

Lc‘lAe‘CM(l—e‘M)=Ai— I
S+c S+c+l

_ S
I'GoM)= 4 —— 2> 31
o(M) {(S+c)(S+c+l)} GD
The C — L transform of the transform functions is
obtained:

Table 11
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M T
S
eaM S
S+a
1—e M 1
4 S+a
e—bM _e—aM S
u—b (S+a)S+b)
ae—aM _be_bM S2
a-b (S+a)S+b)
Me—aM S
(S +a)*
Mn—le—aM S
(n—1) (S+a)"
o~aM _ ,~bM Slog S+b
M S+a
5
AM(S) = 4 (S+c)S+c+1) -
1
s
52
AM(S)=4——-F——
o (5) S+clStetl)

In order to obtain a physical meaning of the analyzed
process, the transfer function will be subject to another
transform: the reverse C — L transform, known as the

Mellin — Fourier transform, L™'AM (S ) :
ce™™ _(c+ l)e_(c+1)M

L_IAM(S): c—(c+1)

(32)

For an optimum activity regim, the =AM quantity,
the subject of the adjustment element, becomes null,

therefore L™ E (S)=0:
(c+1)e—(c+l)M —e. oM

or
c+1

C+1=eM = M opiim =In ’:“lnlz—lnc

¢ c c

The optimum operational regim of the team involves
an optimum number of staff members; the same
relation of the effectively executing staff is achieved,
determined according to the condition (5). Table 11 is
an extract from the [10] quoted work.

3. CONCLUSIONS

Optimum sizing of a maintenance team an
important factor concerning using the qualified staff at
a performance level. The optimum number of
effectively executing staff members is not neccessary a
figure; - it is recommended to be seen as an optimum
interval, limited by a cardinal (the number of elements
of an assemblage): maximum 3.

Because an optimum like this does not require an
inflexible sizing — a certain number of staff members —
positive outcomes are noticed due to the fact that the
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deciding factor has a natural trenf of using a larger
number of members in a team. A problem resolution
like this generates certain advantages, for example,
achieving redundancy concerning the skills level of the
team, but it is also possible to generate bad
consequences: wasting human resources.

The examination of the representativeness of the
statistical sample is a first priority operation. Expected
likelihood results can be obtained only when using
high likelihood pieces of data, drawn from a
sufficiently conclusive volum.

The correlation ratio, between the assumptions
and the results obtained through the statistical analysis,
should offer to the decisional factor the moral effect of
an action concentrated with work and passion, for the
wellgeing of that particular technical entity.
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SEISMIC LOADS NUMERIC CALCULATION FOR A NUCLEAR CLASS 2 PIPING
SYSTEM

'CALIMANESCU IOAN, 2STAN LIVIU-CONSTANTIN
L2 Constanta Maritime University, Romania
ABSTRACT

Due to its location, seismic activity is common in Romania and earthquake engineering is a well known subject.
Earthquake risks maps have been constructed to predict the ground acceleration in different parts of the country. All
structures, including pipeline systems, are designed according to a particular design code. In particular for NPP of
Cernavoda, the ASME Sect.III design code (App. N) may be used in structural earthquake design. Significant increased
cost is involved in the design, making and installation of structures where seismic loading is taken into account. In
particular, the supports for piping systems are made bigger and stiffer to withstand the loading.

Therefore, it is of utmost importance to have a simple standard procedure for seismic design/verification of piping
systems. The focus here is on the seismic loads calculation for a Nuclear Class 2 piping system. The proposed FE model
was developed inside the Piping Module of ANSY'S, with 197 elements and 214 nodes, the pipe runs and the valve were
modeled using Pipe 16 element type, the elbows with Pipe 18 Element type and the Snubbers and Spring hangers with
Combin 14. The computed model showed good results and behaviour as far as the static loads are concerned but failed
to pass the Seismic response analysis.

Keywords: Finite Elements, Nuclear Class 2, Piping System, Spectrum Analysis.

1. INTRODUCTION seismic loads calculation for a Nuclear Class 2 piping
system.
Due to its location, seismic activity is common in
Romania and earthquake engineering is a well known 2. SOME THEORETICAL CONSIDERATIONS
subject. Earthquake risks maps have been constructed to

predict the ground acceleration in different parts of the Many standards or guidelines are available to
country. The seismicity of Romania is clustered in provide criteria for the design of mechanical (metal)
several epicentral zones: Vrancea, Fagaras-Campulung, systems and components to resist dynamic loads. The
Banat, Crisana, Maramures and Southern Dobruja. Other primary guidance for nuclear facilities is found in
epicentral zones of local importance can be found in Appendix N (Dynamic Analysis Methods) [6] of the

Transylvania, in the area of Jibou and Tarnava River, in ASME B&PV Code, Section III. This guideline is
northern and western part of Oltenia, in northern defined as a Non-Mandatory Appendix to ASME

Moldavia and in the Wallachian Plain. The Vrancea Section III and at the present, it is primarily concerned
seismogenic zone is the most important among these with cyclic dynamic loads associated with earthquakes
seismic zones, having in mind the energy, the extent of and fluid flow—induced vibration of structures contained
the macro seismic effects and the persistent and confined within the cross-flow of fluids.
character of the earthquakes that occur in this area. Two Earthquake or Other Building Filter-Cyclic Loads
belts of moderate and shallower seismicity are Cyclic loads are characterized as alternating loads or
emphasized in the other regions of the country, one displacements that are applied to mechanical systems or
along the Southern Carpathians and the eastern edge of components. These earthquake-associated loads are
the Pannonian Basin, the other along the Eastern caused by the inertial response of a structure, system, or
Carpathians that extends towards SE on the Peceneaga— component (SSC) to the earth-quake-induced motion of
Camena line. For instance predicted ground acceleration the SSC supports or the foundations of the supports. The
as 0.1 g is generally thought to be enough to cause response of a system or component is highly dependent
damage to weak construction. on the damping of the system. In addition, the system or
All structures, including pipeline systems, are component response depends on the closeness of the
designed according to a particular design code. In time-dependent forcing function frequency (which
particular for NPP of Cernavoda, the ASME Sect.IIl defines the input) to the dominant response frequency of
design code (App. N) may be used in structural the seismically loaded system or component.
earthquake design. Significant increased cost is involved If the system or component has a natural frequency
in the design, making and installation of structures where closed to that of the applied forcing function, resonance
seismic loading is taken into account. In particular, the can occur, resulting in large amplification of an
supports for piping systems are made bigger and stiffer equivalent static load applicable to the mechanical
to withstand the loading. system or component. Such amplification could
Therefore, it is of utmost importance to have a theoretically be as high as 100 times the peak cyclic-
simple standard procedure for seismic design/ force level at low-damping and near-resonance (system
verification of piping systems. The focus here is on the or component frequency is very near the cyclic-load
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frequency). For real structures under seismic excitation,
the amplification factor rarely exceeds 25.

2.1 Basic Equations of Motion and Time-Dependent
Loading Functions

The basic equations of motion can be found in ref.
[9] or other similar introductory texts on structural
dynamics. Those equations involve the following
parameters:

mx+cx+kx= f(t) 1)

where m-mass of the system or component; k-stiffness of
the system or component; c-damping coefficient, due to
energy absorption in the material and system; f{7)-
dynamic forcing function; x-displacement of the system
or component for a particular degree of freedom;

dx

— - velocity of the system or component for a

X
2

F -acceleration of
t

particular degree of freedom; X =
the system or component for a particular degree of
freedom.

The actual formulation and method of solution of
the general differential equation of motion depends
considerably on the nature and location of the forcing
function f{#). For cyclic loads, the system or component
is usually represented as a multi-degree-of-freedom
system with multidirectional input in which the force
applied to a given mass point is a function of that mass
point’s inertial properties in response to a base-input
motion rather than an external force applied to the
system or component. This type of loading lends itself to
solution by the modal response spectrum method of
analysis [9].

Associated with the solution of the basic equation
of motion, ignoring damping and the forcing function,
there are the following relationships:

@)

where w-is the natural frequency of the system or
component in radians/sec, and,

s [k

= 3

2 \'m ®
f -natural frequency of the system or component in
cycles/sec or Hz.

It has been found for cyclic (earthquake and
vibratory) design loads in which the dynamic force is the
result of inertial response to a base motion loading, the
solution is expedited by variable substitution such as a
modal equation of motion becomes:

A +20p4,+a’ 4 = PX, )
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Ai -modal displacement (rotation) of mode i relative to

the base; Ai -modal acceleration (rotational) of mode i
relative to the Base; A;-modal velocity (rotational) of
mode i relative to the base; ﬂl -percent critical damping

in the ith mode; X, -absolute translational (angular)

acceleration of the base; Pi-modal participation factor of
the ith mode:

'
mrq) ri

2
m @,

®)

r—l1

Finally, the inertial force applied to the rth mass in
the ith mode becomes:

f;‘i = mrari = mr (PiSaiq)ri) (6)
Where:

a,-inertia acceleration applied to the » mass in the ith
mode; m,-the rth mass; P-modal participation factor in
the ith mode; f,-inertia force applied to the rth mass in
the ith mode; S -response spectra acceleration in the ith
mode (damping is built into this parameter) response
spectra are a plot of the maximum response of a series of

SDOFs to the earthquake time-history input; @' -
modal displacement of the rth mass in the ith mode in
the direction of the applied earthquake motion; <I)n. -all
modal displacements of the rth masses in the ith mode
(are Eigen vectors); cof -are the Eigen-values solution of

the modal equation of motion.
2.2 Ground-Response Spectra

Earthquake loads are generally taken as cyclic.
Loads associated with this cyclic input can be generally
solved by time-step integration of the equations of
motion, but more often the simplified method of
response spectrum modal analysis is used.

Historically, for nuclear power plant (NPP) design,
three generic earthquake free-field—ground-surface time-
histories have been used in addition to many site-specific
time-histories of motion. Analyses have generally used
response-spectra representations of these time-history
motions.

Four sets of response-spectra-shape-amplification
parameters for various damping values are shown in Fig.
1, for 5% damping. The Housner spectrum a weighted-
average spectrum is based on four different earthquake-
response time-histories. The Regulatory Guide 1.60
spectrum is a mean-plus-one standard deviation in the
amplified region that reduces to a mean acceleration in
the high frequency un-amplified region; it is based on 14
recorded earthquake time-histories. Both of these spectra
have some degree of conservatism by defining damping
at lower bound values and using weighted-average or
mean-plus-one standard deviation spectral shapes. The
spectral shape designated as NUREG/CR-0098 has
recently become popular; it is generally considered a
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generic free-field—ground-surface median spectral shape
and employs best-estimate damping values. It has been
used excessively for verifying seismic design adequacy
of existing plants and is generically recommended for
the design of new NPPs, where the use of site-specific
spectra has not been specified [12].

For completeness, the spectral shape contained in
the International Building Code-applicable to the United
States is also given in Fig. 1. In general, it can be
expected that site-specific spectra can be developed
either by deterministic and/or probabilistic means that
can be used as earthquake input to a particular site,
which will somewhat reduce the energy content of the
generic spectra shown in Fig. 1.

The (2007) Appendix N, Tables N-1221(a & b)-1,
presents inflection point values for the construction of
response spectra based on the percent of critical
damping. These values are illustrated in Table 1. When
these data are plotted on a scale similar to Figure.l, a
significant difference in the spectra is evident. The
spectra in the current Appendix N uses a straight line
interpolation between the spectral values on the log-log
chart whereas the previous spectra were developed using
a straight line on a chart with the period on a linear scale.
This results in an added degree of conservatism in the
new spectra.

Acceleration (g)

Frequency (Hz)

Figure 1 Generic earthquake-response spectral shape

Table 1 Appendix N horizontal response spectra values —
in/sec

Percent Critical Damping

Frequency
-Hz 0.5 2 5 7 10
0.1 7238 56.55 46.37 42.52 3845
0.25 180.96 141.37 11592 106.31 96.13
25 146.36 104.55 104.55 66.91 56.09
9 33.89 24.19 24.19 15.51 12.98
33 1.86 1.86 1.86 1.86 1.86

The introduction of floor response spectra (covered
in the next section) resulted in higher loads being placed
on equipment in upper stories of structures. The cost
implications of these higher design loads have led many
owners to call for the development of site-specific time
histories and ground response spectra.
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As stated in ASCE 7-02 [16]: “A site-specific study
shall account for the regional seismicity and geology, the
expected recurrence rates and maximum magnitudes of
events on known faults and source zones, the location of
the site with respect to these near source effects, if any,
and the characteristics of subsurface site conditions.”
Generally, the uses of this site-specific data tend to be
less conservative than the generic data that has been
discussed.

For an existing NPP site, a 10-3/yr. to 10-5/yr.
occurrence or exceedence probability is used for most
safety-related SSCs in conjunction with the Regulatory
Guide 1.60 shaped spectrum. A 10-4/yr. probability of
exceedence is expected to be used in conjunction with
the median NUREG/CR-0098 shaped spectra. The IBC
spectrum is associated with a 4x10-4/yr. earthquake
occurrence exceedence level; it is sometimes applied to
safety-related items associated with radioactive material
storage and processing at NPP sites rather than safety-
related SSCs associated with nuclear reactor operation.

It is anticipated that any new zero period
acceleration NPP safety related SSC will use a 10-5/yr.
median probability of occurrence or exceedence with
median damping and shaped spectra.

Alternatively, a 10-4/yr. median-plus-one standard
deviation as defined in R.G 1.60 or mean zero period
ground acceleration with the spectral shape as shown in
Fig. 1 and the associated damping of R.G 1.61 [15] will
be used.

2.3 Floor-Response Spectra

The earthquake motion applicable to mechanical
systems or components in the form of response spectrum
or time-history acceleration are usually affected by the
building structures through which they are transmitted.
Such building structures tend to vibrate at their own
dominant natural frequencies. Consequently, the near-
random or white-noise earthquake ground motion
introduced at the base of the building (primary) structure
is made more sinusoidal, which gives a significantly
higher response at a given percent critical damping to
systems and components (secondary) near the dominant
frequency of the building (primary) structure.

Most equipment will have negligible interaction
effects on the primary structure-as in the case of
equipment with relatively small mass and high
frequency-and will only need to be included in the mass
distribution of the primary system model. However,
there are major equipment systems, such as a reactor
coolant system or large pressure vessel, in which the
stiffness, mass, and resulting frequency range should be
considered for representation in the building model to
account for possible dynamic-interaction effects.

For most architectural, mechanical, and electrical
systems and components (secondary), a separate analysis
of the secondary system may be performed using output
from the building analysis. If building equipment
interaction is significant, as defined in refs. [1] and [6],
the equipment should be included in an integrated
mathematical model of the structure. The representation
of the equipment included in the building model should
be adequate to consider major interaction effects, but it
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need not be as detailed as the mathematical model used
in a separate analysis of the equipment.

When a coupled model is used additional concern,
is that some of the stresses in the secondary system will
be primary (inertia-induced) and some secondary
(building static deformation—induced). Because the
allowable stress limits in mechanical systems and
components have different allowable stresses for primary
and secondary stresses, it is important that a means be
found to distinguish between these primary and
secondary stress resultants. One such approach is to
reanalyze the coupled model and set the secondary mass
to near 0; the resulting stress in mechanical system or
component should be secondary in nature. Another
method is to record the maximum displacements in each
mode and apply them to a model of the secondary
systems, thereby determining the stress resultants in each
mode. The model stresses, when combined on an SRSS
basis, would yield the secondary stress component of the
secondary system.

Systems and components (secondary) may be
analyzed by combining the complete secondary model
with the support structure (primary) model and applying
the proper excitation to the base of the primary model. In
this method, no separate equipment-decoupled support
excitations need to be generated, as the equipment will
be excited directly through the structure.

For equipment that is not analyzed as part of the
building structural model, the response may be obtained
by a separate analysis using floor-response spectra
curves, time-history excitations at the point of the
support(s), or other frequency- domain methods.

It should be noted that in dynamically coupled
system, both stiffness and mass of both systems are
represented, not just mass alone when generating

primary-structure floor-response spectra applicable to
the secondary system. Oftentimes significant coupling
can result in higher loads in the primary system and
lower loads in the secondary system than when they are
analyzed considering no dynamic coupling. A secondary
to primary effective mass ratio of as little as 0.1% can
add the effect of 3% more damping [12].

However, the U.S. Nuclear Regulatory Commission
(USNRC) has not permitted the use of the mass ratio
effect in the generation of floor-response spectra,
although it is included in the result of a coupled model
analysis.

2.4 Damping

The phenomenon of energy loss called damping
occurs because motions in a structural system will
usually dissipate energy from the system. Damping as it
relates to the equation of motion may be mathematically
represented in many ways, including Coulomb and
viscous damping [9] the latter being the one normally
used in NPP design, as represented in equation (1). Total
system or component damping is composed of many
energy-absorption mechanisms-material damping, for
instance, caused by internal friction with the material, as
well as geometric damping (caused by the working of
joints, connections, and associated small nonlinearities
such as cracking in concrete) and impact damping
(caused by gaps that open and close, thereby dissipating
energy by local impact). Taken together, these various
components of damping are structural damping as shown
in Table 2.

Table 2-Structural percent critical modal damping

ITEMS

DAMPING (%% of critical damping)

with siress
levels<<yield

with stress
levels =yield

(a) Structures:
{1) Reinforced concrete structures:
(2) Welded steel sructures:
{3) Bolted or riveted steel structures:
(4) Resnforced masonry walls:
(5) Unreinforced masonry walls;
(46) Seeel structhures with precast pancls:

el
[Mowes L {2

MNiew
[ ot (31]

7.0
4.0
7.0
4.0

7.0
5.0
.0
7.0
5.0
7.0

100

10.0
100

V.

Sail:

For simplified soil-stmrcture interaction
analysis ( SST} radiation damping as a function
of structural foundation geometry and material
properties will not be limited but resultant
composite modal damping should not exceed
values in typical national standards (1.e., 15.0
percent). However, the use of higher values, if
properly justified and determined, would be

permitted.

(b}

{c) Systems and Componcnis:

[except the following):

(1) Tank liquid sloshing:

(2) Cable Raceway: if at least one guarter full

ol loose cable

(3) HYVAC Duct:

(4) Vertical pumps: (deep well and emersion}
(5) Imsmmument racks =

i
=

=

Pibsl ol
coe o

5.0

.5
10.0

7.0
3.0
3.0

MNotes: (1) Old damping values are based on the use of USNRC Regulatory Guide 1.61 {damping)
and Regulatory Guide 1,60 (shaped spectral

(2) Housner damping lhimned to 0.5% damping for piping.

(3) Based on the use of NUREG/CR-0098 shaped spectra.
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In the (2007) version of Appendix N, a more
compact table of damping values is presented, as
illustrated in Table 3.

Two values for each component are listed. The
smaller damping value is to be used for the OBE. A
second, higher value is indicated for the SSE. This
reflects the fact that a higher load in the SSE will result
in higher deflections and some associated plastic
deformation is permissible. Notably missing from Table
3 are any values associated with fluid sloshing. All of the
existing codes and guidelines suggest a value of 0.5% for
sloshing, whether for the OBE or the SSE.

Considering Oy as the vertical axis, the system is
spanning between 2 anchors, containing 5 pipe runs,
having 3 unidirectional supports (wrong design decision
which will determine bad results for seismic behavior), 2
combined supports with snubber plus spring hangers
acting in two directions and a valve with a 220 Ib mass.
The horizontal earthquake excitation component is
acting on Oz axis.

The material and process data are:

Table 4 Materials and Process Data

NPS Sch(in) T°C P,Psig
Table 3 Appendix N damping values - % critical 4 inch 0.237 200(392F) 100
Earthquake Magaide Material Parameter Value ’
. 1 OBE s Carbon Steel Young Modulus E 27.5 Mpsi
Fquipment — > > A106 Gr.B | Allowable stress Sy 14.4 Ksi
Piping systems 5 5 Density 0.283 Ib/in’
Welded steel structures 2 4
Bolted steel structures 4 7 P Steel -
Prestressed concrete structures 2 5 Thermal €Xpansion 8e-6
Reinforced concrete structures 4 7 coef.
Insulation Rock Wool Density 0.00343
A P Rock Wool lb/1n3
3. NUMERICAL INVESTIGATION Insulatiion too 2in
. . Thickness
. In this section the FE Code used was ANSYS, Steam Density 0.000268695
Piping Module. -3
P Water Ib/in

3.1 Problem Definition

The reader is made aware that the model subjected
to this investigation is not a real one and, for
understandable reasons, it is a hypothetic one. On the
other hand this is to demonstrate at the end of the
investigation that a piping system which is behaving
perfectly under static loads may show a very poor
behavior being subjected to a seismic loading, scenario
which in the real nuclear designing world is not
acceptable.

Let’s consider an insulated Nuclear Class 2 piping
system, with 4 inch NPS for saturated steam, as in Fig.2:

5 DiFect]
Springs+
Snubbers x,z and
y,2. Spring rate
300Ibfin;

Deflection
gin;Length 12 5/8
in; Snubb.
Damping
factor 0.322

-

Figure 2 Piping System Model
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3.2 Finite Elements Model

The FE model was developed inside the Piping
Module of ANSYS, with 197 elements and 214 nodes,
the pipe runs and the valve were modeled using Pipe 16
element type, the elbows with Pipe 18 Element type and
the Snubbers and Spring hangers with Combin 14.

The node numbering and locations are givin“:)‘elow:

FEE

1
54\13%_%{3%% b;% 13
%.%_ YL v
Eﬁmlﬁ& 145
146
147
143
149
150
151
152
153
154
155
156
157
158
159
166
167
168
fg
%]ﬁa& iaz
g
gsgsi
gégphﬁ
959
auaugohgégsg“?gs
2040

Figure 3 Nodes numbering
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3.3 Static Analysis

Firstly a static analysis was performed, the model
being subjected only to the thermal expansion forces and
the weight of the pipe/steam/insulation.

The displacements in inches are given in the figure:

FEE 1 2013
07:34:22

NODAL SOLUTION
STEP=1

SUB =1

TIME=1

s (AVE)

RSY3=0 2
DMK =,288348

SHX =.282348

.

o

064077 [E]
.0320389 .298348

Figure 4 Displacements calculated for static analysis

It may be seen that the maximum displacements are
calculated for the elbow between pipe runs 3 and 4 with
a reasonable magnitude of 0.288in=7.3 Imm.

The reactions for the supports and anchors nodes
are given below, the overall conclusion is that the system
is not stressing the supports heavily.

PRINT REACTION SOLUTIONS PER NODE

Jedeveve e

POST1 TOTAL REACTION SOLUTION LISTING

1 SUBSTEP= 1
1.0000 LOAD CASE= 0

LOAD STEP=
TIME=

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL
COORDINATES

NODE FX FY FZ
1 13.249 -1.8774 -1.7769
MX MY Mz
-521.78 -827.12 -94.081
NODE FX FY FZ
141 -7.5617
159  4.9823
164 -5.4289 0.27150E-01-0.63081E-01
165 0.28367E-01 -18.651 -0.21747
182 -0.94653E-01 11.553 0.22798
183 -0.60492 0.20780 75.087
NODE FX FY FZ
210 -12.172 -0.21894E-01 -73.260
MX MY Mz
-1.8462 1772.5 -711.59
NODE FX FY Fz
214 16.397
Finally the Hoop pressure stress for code

calculations and Moment stress at nodes I and J for code
calculations were processed and are given below:
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Fuw
FEB 1 201%
08:17:21

ELEMENT SOLUTION
STEP=L

SUB =L

TIME=1

sPR2 (NDAVE)
DX =.287916
SMX =474.684

L
o 105.485 210,97 316.456 421.941

52.743 158.228 263.713 369.198 474. 684

Figure 5a Hoop pressure stress

fuw
FEB 1 2013
08:19:11

LINE STRES3
STEP=1

TLEN-166

Figure 5b Moment stress at nodes I and J
The maximum Hoop pressure for code calculations

are reaching a humble value of 474psi=3.28MPa, and the
Moment stress 624psi=4.3MPa.

3.4 Modal Analysis

The modal analysis of the system was targeting the
calculation of the first 20 Mode shapes and eigen values.
The mode extraction method employed was Subspace,
the calculated natural frequencies are:

INDEX OF DATA SETS ON RESULTS FILE

SET TIME/FREQ LOAD STEP SUBSTEP
CUMULATIVE
1 0.12098 1 1 1
2 0.15504 1 2 1
3 0.20688 1 3 1
4 0.31067 1 4 1
5 0.40808 1 5 1
6 0.41819 1 6 1
7 0.59512 1 7 1
8 0.68124 1 8 1
9 1.1062 1 9 1
10 1.2692 1 10 1
11 1.3321 1 11 1
12 1.4623 1 12 1
13 1.5448 1 13 1
14 1.6776 1 14 1
15 2.1745 1 15 1
16 2.2625 1 16 1
17 2.4909 1 17 1
18 2.5451 1 18 1
19 2.6489 1 19 1
20 2.8418 1 20 1

It is a fact already that the first natural frequency is
0.12098 Hz and it is by now a very bad news for the
designer; the system will become resonant for a very low
value of the excitation.
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For exemplification, the Mode 1 and Mode 20 are The sum of the displacements calculated for the
given in the following figures: excitation above is shown in the figure 7:

[ — AN v sevvrion AN

C—- Ry, Tl T e, 4

v, &giﬁz@w‘ﬁ? T

e =50.017
DIX =.045814 e

1a7
X =.045814

[ EEESSS—— |
o .010181 .020362 030542 .040723 o 11.113 2
00509 015271 .025452 035633 045814 5.557
Pipe Sys Modal analysis

. 33.345 44,46
16.672 27.787 38.902 50.017

Pipe Sys Seismic analysis

Figure 7 Sum of displacements
Figure 6 Mode 1

The maximum displacement is calculated for the

P AN Pipe run 3 in the region of the Valve location, as
%H % M somehow .has. e).(pected. What Waf not too much
wro o expected, it is its value of 50in=1270mm of the
e displacement under seismic loading, which in terms of

i, structural engineering is a catastrophic situation.
i The reactions forces for supports are given below:
. #xxwk poSTL TOTAL REACTION SOLUTION LISTING
éf@*‘ﬁ”’”wwﬁ CALCULATED LOAD CASE= 0
——
— — THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL
s :Mﬂdal B;‘Ztis:; OB oe P nareen T arane P enese COORDINATES
NODE FX FY Fz
. 1 745.58 74.528 7232.1
Figure 6 Mode 20 MX MY MZ
36242. 0.76846E+06 3730.3
3.5 Seismic Response Analysis TQEE X 17 26'.:§ Fz
159 2429.8
Based on th; Mpdal analysis the mod'el advanceq to %gg 888088 (1)9820(7) 88888
calculate the Seismic response. The horizontal design 182 0.0000 535.80 0.0000
response  spectra relative values of spectrum %ig (3)6%(8)0(5) ({ 430% %iggﬁ
amplification factors for control points used is given MX MY MZ
below: 13545. 0.35304E+06 37778.
NODE FX FY Fz
214 1431.6
Frequency Hz | 0.1 2.5 9 33
Acceleration 19.3 | 1208.86 | 1008 | 386.22 Nodes 1 and 210 correspond to the Anchors which
in/s’® are  experimenting staggering loading moments
Percent of Critical Damping=5% - TABLE N-1230-1 My=76.846E+04=868, 243 Nm which is far beyond any
Table 5 Values of spectrum amplification factors known material to tackle.

In order to have an idea upon the loads acting on the
Pipe Runs 3 and 4 (Nodes 138...188) which are showed

the biggest values, the below table is provided:
Table 6 Loads acting Pipe Runs 3 and 4

Nodes 138-1588

RINT SUMMED NODAL LOADS
amakt POST1 SUMMED TOTAL NODAL LOADS LISTING ®##ww
CALCULATED LOAD CASE= 0

THE FOLLOWING X,Y,Z SOLUTIONS ARE IMN GLOBAL COORDIMATES

NODE FX FY FZ WX MY MZ
137 1774.4 3522.3 1021z2. 0.35573E+06 0.50347e+06 1684.7
138 1822.1 3590.7 9899.7 0.39844E+06 0.481B3E+06 1684.6
141 1491.0 1726.3 12755. 72469, 0.57484e+06 14B850.
142 1491.6 3307.0 12622. 77311, 0.61743e+06 3158.1
143 1494.6 3307.9 12486. 89003, 0.63055E+06 16E85.0
144 61.556 203.70 9173.4 0.30915E+06 0.46943e+06 2762.3
145 26.195 109.60 8822.0 0.20071E+06 0.46943e+06 3318.4
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NODE

CALCULATED LOAD CASE=

Fx
235.47

(o]

FY
1256.0

146 17.801 52.523 8403.9
147 44.999 100.50 7955.8
148 T6.370 205.54 TAVV .6
149 104 .91 310.59 5969.5
150 130.60 415.63 5432 .3
151 153 .44 520.67 5867.0
152 173 .44 625.72 5275.3
153 190.62 T30.76 4659.0
154 205 .00 835.80 4020.3
155 216.61 940.85 3362.0
156 225.52 1045.9 2686.7
157 231.78 1150.9 1997.4

FZ

158 1297 .3
159 2666.5 1800.5 3333.3
161 1965.2 3971.9 Q682 .3
162 104 .41 309.81 9545.4
163 B7.389 269.19 9405.5
164 QB8 .08

165 1996.7

166 S088.3 2784 .5 9061.8
167 SO078.1 3329.0 12759,
168 S073.2 3434 .0 12474 .
169 S068.2 3528.1 14112 .
171 S5059.1 3736.2 15491 .
172 5055.8 3818.3 16005 .
173 5052.2 3900.8 16504 .
174 5048.6 3971.8 16919,
175 5044.9 4030.5 17251.
176 5041.3 4076 .3 17501.
177 5037.7 4108.9 17674.
179 5064.8 3593.6 14555.
180 S5062.8 3634.6 14831.
181 S5061.3 3674.9 15096 .
182 5325.80

183 2786.4
184 5024.4 3055.7 12197.
186 5059.1 201.63 12241,
187 5112.0 202,17 12242,
188 5197 .5 205.96 12242,

wEEEE POSTL SUMMED TOTAL NODAL LOADS LISTING #*#®#®®®

THE FOLLOWING X,¥,Z SOLUTIONS ARE IN GLOBAL COORDIMATES

97241 0.46942E+06 3399.6
1037.4 0.46941E+06 3053.5
93758 0.46940E+06 2314.0
0.18056E+06 0.46939E+06 1215.0
0.26109E+06 0.46938e+06 209.43
0.33499e+06 0.46937E+06 1925.0
0.40195e+06 0.46935E+06 3897 .7
0.46165E+06 0.46933e+06 G6093.3
0.531381E+06 0.46932E+06 8478.1
0.55817E+06 0.46930E+06 11019
0.59453E+06 0.46928E+06 13682
0.62268E+06 0.46926E+06 16436
[ MY MZ
0.64249E+06 0.46924E+06 19250.
0.65979E+06 0.46911=E+06 22103.
0.423B4E+06 0.46891E+4+06 1684 .6
0.40864E+06 0.46929e4+06 1848 .3
0.37460E+06 0.46944+06 2198.5
0.59114E+06 O.46889E+4+06 83261.
0.43635E+06 O.4G6876E+06 0.14422E4+06
0.27895E+06 O.4G6873E+06 0O.20513E+06
0.11275E+06 O.46871E+06 0O.26597E+06
62400 . 0.2B796E+06 0.2B272E4+06
62401 . Q9zaz. 0.23745E4+06
62403 . QB100. 0.19109E+06
62405 . 0.29697E+06 0.143B1E+4+06
62406 . 0.50232e+06 95740.
62407 . 0.71115e+06 47046.
62408 . 0.92250E+06 2118.3
11638. 0.46B69E+06 0.320143E4+06
A0512. 0.44714e+06 0.31404E4+06
62300, 0.39441e+06 0.3208B56E+06
62409, 0.10686E+07 3BT735.
45681. 0.11550E+07 75500.
43257 . 0.10941E+07 75504 .
40807 . 0.10324E4+07 75508 .

4. CONCLUSIONS

The presented computational model was prepared
for the evaluation of piping according to the ASME
BVPC Subsection NC (piping systems of the other
nuclear facilities) pro Service Levels C, D (normal
operation loads + seismic loads) using a general FE
Code.

The computed model showed good results and
behaviour as far as the static loads are concerned but
failed to pass the Seismic response analysis. Re-
designing the supports-hangers-snubbers system now is a
must for the proposed piping model in order to become
compliant to the construction code.
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DOES THE “AVERAGED RESPONSE” OF A CHAOTIC SYSTEM

EXHIBIT NEAR-PERIODICITY?

DELEANU DUMITRU

Constanta Maritime University. Romania

ABSTRACT

Chaotic motion of a harmonically excited square prism modelled as a Duffing oscillator and kept in fluid flow is
considered. The fluid dynamic forces contribute additional non-linear terms to the inherent non-linearity of the system.
As the flow velocity is increased, the nature of motion is changed from a periodic motion to a chaotic one. This paper
wants to demonstrate the periodicities embedded in the averaged responses of this chaotic system. By discretizing the
initial conditions on a chosen domain and averaging the corresponding responses, on finds that the averaged response
exhibit near-periodicities with primary frequency components at excitation frequency, multiples or half multiples of
excitation frequency. Numerical simulations confirm those results.

Keywords: Chaotic and periodic motion, Duffing oscillator, averaged response

1. INTRODUCTION

In flow-induced vibration problems such as aero-
elastic flutter, vortex induced and galloping oscillations,
vibrations due to fluid-elastic instability, the fluid
dynamic forces inducing the vibrations are almost
invariably non-conservative and non-linear functions of
the structural motion, leading to a complex and wide
variety of dynamical behavior characteristic of coupled
fluid-structure interaction problems. In many cases they
represent self-excited oscillating systems and exhibit
such phenomena as frequency entrainment, hysteretic,
multiple steady state motions and jump phenomena
characteristic of non-linear systems. If the structure is
inherently non-linear and also excited by external forces,
the dynamics becomes still more complex and chaotic
vibrations should naturally occur in such systems.

Parkinson and Smith proposed a model to describe
the flow induced force of a bluff body with square cross-
section. The flow induced force is expressed as a
polynomial with odd powered terms of the ratio of the
response velocity to the flow velocity [1]. Dowell
described how the flow induced forces can be modeled
for different geometries of bluff bodies [2].

Narayanan and Jayaraman investigated the response
of a harmonically excited square prism modeled as a
Duffing oscillator and subjected to flow induced
excitation. By numerical integration studies it has been
observed that for a certain combination of system
parameters it undergoes a symmetry-breaking
bifurcation resulting in dual solutions followed by a
series of period-doubling bifurcations, leading to chaos
when the flow velocity is increased [3].

Simiu and Cook have also considered the chaotic
motions of a harmonically excited square prism kept in
fluid flow. Both single-degree-of-freedom and two-
degree-of-freedom oscillators were considered in their
study. The seventh-order polynomial given by Parkinson
and Smith was used to modal the fluid dynamic force on
the prism. They have shown that the chaotic motion
occurs through a quasi-periodic route [4].

Lu demonstrated that although the response of an
impact oscillator, a chaotic system at same parameter
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ranges, does not exhibit periodicity in Euclideean space,
it does show periodicity in Hausdorff space [5].

In order to explore the further possibility of
periodicity embedded in chaotic motions, this paper
succeeded in validating the periodicities of “averaged
responses” which are obtained by averaging the
responses over a pre-chosen domain in phase space.

2. MODEL PRESENTATION

Consider a square prism supported by a non-linear
spring with a linear viscous damper (as shown in Figure
1). The prism is assumed to be excited harmonically and
kept in a steady fluid flow. The equation of motion of the
square prism is

my+cy+k,y+k,,y3 =Fcoswt+F;

(1

where y is the displacement, m is the mass of the prism, ¢
is the linear viscous damping coefficient, &k, and &, are,
respectively, the coefficients of linear and cubic
stiffness, F and « are, respectively, the amplitude and
the frequency of the harmonic force, # is the time and F;
is the flow induced force given by

3

1 2 Y y
F,=—pDLV~| A=+ 4,-| = 2
L 2,0 RN 2

in which p is the flow density, D is the length of the
side of the square, L the length of the prism and V the
velocity of the fluid.

Upon introducing the non-dimensional parameters

F
x=2U :L,T:a)t,F0 =—Z,§=L,
L ol ma-L ma

[k k k, [* DI?
Dy = _197/1: [297n: 2:ﬂ:p >
m mao ma m

&= ﬂAle’§3: 'Bzf;a‘fo:é:"‘fl

3)

equation (1) becomes
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x"+& x'+&5 (x’)3+}/, x+7/nx3 =F,cosT

“4)

The number of primes denotes the order of
differentiation with respect to the non-dimensional time.

F cos (wt)

=

77

Figurel: The model of a square prism in a cross-flow

3. NUMERICAL SIMULATION

Equation (4), which includes the effect of fluid
flow, has been numerically integrated for different flow
velocities. The selected parameters were

=01y =Ly,=1F, =10, p=1.2256,

_ o _ ®)
D=0.1,L=1,4=27,4,=-31.0

It was constructed a calculus program in
MATLAB who permitted us to obtain the phase plane
and the time histories. The non-dimensional flow
velocity U was taken as the bifurcation parameter and
varied from 0 to 30. As the flow velocity is gradually
increased different types of periodic motion of the prism
are obtained. For 0<U <6.4one obtains a period
motion with frequency equal to unity. At U =6.4the
motion bifurcates into a frequency 2 motion. For further
increase in flow velocities frequency 4, 8 and 16
responses are obtained. When the flow velocity in
increased to U =9.5 the response becomes chaotic. The
time history, phase plane and frequency spectrum for six
different values of U are given in Figure 2.

Numerical simulations are next performed to
obtain the “averaged responses”. To achieve this goal we
choose again the value U =10and initial conditions
x(0)=x'(0)=2, when the motion is obviously chaotic
(see Figure 3). The upper line in Figure 3 gives us the
time history, phase plane and frequency spectrum for
this case.

The rectangular domain (x, x')e [-2,2]x[-2,2]

was discretized into N square area by means of parallel
lines to the coordinate axis. In the middle of each little
square was taken the grid point. His coordinates are:

+2@k—n
N

Jk=LN (6)

X =y =2

These grid points are chosen as initial conditions.
The averaged response is obtained by averaging the N*
set of corresponding simulated time responses. To save
memory we observe that if m . is the arithmetic mean of

100

number x;,X,,...,x,, then the arithmetic mean m,,, of

. k-m+x,,
SEQUENCE Xp,X 5,eey X X jy 1S M = —————.
k+1
The lower line in Figure 3 shows us the averaged
response and  the frequency  spectra  for

N =10 (N>=100). It can be seen from these two

figures that the response is very close to a periodic
response, with some noise in the frequency spectra due
to smaller number of discretized initial conditions. If N is
increased, the response is much closer that of a perfect
periodic response.

If the numerical study is repeated for other values
of parameters &y, &5,%,,7,,F o, the conclusion remains

the same.

4. CONCLUSIONS

Using the results obtained by averaging N 2
responses for different initial conditions (which
represents grid points into a discretized square area) it is
concluded that the “averaged responses” of chaotic
Duffing’s equation, which model the motion of a square
prism in a fluid flow, exhibit strong near-periodicity with
fundamental frequency the same those of the excitation.
The near-periodicity approaches a perfect periodicity if
the N is increased.
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CHAOS SYNCHRONIZATION OF SPROTT K AND ACT SYSTEMS USING
BACKSTEPPING DESIGN
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ABSTRACT

This paper examines the synchronization performance of a widely used chaos synchronization scheme, called the
back-stepping method. It consists in a recursive procedure that interlaces the choice of a Lyapunov function with the
control. Because it needs only one controller to realize synchronization it is very attainable in engineering applications.
In the paper, we have applied back-stepping design for the global chaos synchronization of two identical Sprott K
systems and two identical Act systems. Numerical simulations are shown to validate and demonstrate the effectiveness

of the scheme.

Keywords: Back-stepping design, chaos, synchronization, Sprott K system, Act system

1. INTRODUCTION

In the last two decades, chaos synchronization has
become a popular research topic arousing interests of
physical scientists. A variety of applications in secure
communications, robotics, physics, ecology, economy
and cardiology have been suggested [1-6].

The idea of synchronizing chaotic systems refers to
a process where in two or many chaotic systems starting
from different initial conditions adjust a given property
of their motion to a common behaviour.

Today, there exist a large number of approaches for
chaos synchronization, including Pecora-Carroll method,
active and adaptive control methods, sampled-data
feedback method, time-delay feedback method and back-
stepping design method [7-15]. In most of these
schemes, the drive-response (or master-slave) formalism
is used. If a particular chaotic system is called the drive
system and another chaotic system is called the response
system, then the idea of the synchronization is to use the
output of the drive system to control the response system
so that its output tracks the output of the drive system
asymptotically.

In this paper, we derive new results based on the
back-stepping design for the chaos synchronization of
two identical Sprott K systems and two identical Act
systems. The method consists in a recursive procedure
that links the choice of a Lyapunov function with the
design of a controller. It has been successfully used to
track chaotic systems like Lorentz system, Chua’s
circuit, Duffing system and Genesio system [16-18].

The rest of the paper is organized as follows: In
Section 2 back-stepping  design  for  chaos
synchronization is presented. Numerical simulations are
carried out in Section 3 to demonstrate the efficiency of
the proposed method. Finally, the paper is concluded in
Section 4.

2. DESIGN OF BACK-STEPPING CONTROL
FOR CHAOS SYNCHRONIZATION

In this section, Sprott K system and Act system are
discussed for synchronizing by back-stepping design.
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2.1. Sprott K system

Consider the drive-response Sprott K systems given
below:

X=x,y,—0z,

y=x=By

(1
zZ=xtyz,
and
X,=X,),— 0z,
yzzxz_ﬁJ’2 2)

Z,=X,+yz,tu

where XdZ(XI,yl,Zl) and x,=(x,,y,,2,) are the

state vectors, @,/3 and ¥ are positive, constant

parameters of the system and u is a control function to be
determined. Observe that in back-stepping design only
one controller is required. Defining the error states

©)

and subtracting eq. (1) from eq. (2), we get the error
dynamics given by

ex=Xo= X, €)=Y= V€. =272

L]

e, =-ae, te e te . yte,x
L]

e,=e,~fle,

L]

ez=ex+7/ez+u

“)

In the following, our objective is to find a control
law such that system (4) is stabilized at the origin. To do
that, we begin with the stability of the 1-D system

)

e,=e,~fle,
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where e is viewed as a virtual controller. Define the

Lyapunov function
(6)

and compute its derivative

Vile,) ()
A proper choice of an estimate stabilizing function
A4, (e y) for the e_ will make the system (5)

asymptotically  stable the That
e =A4,\le,)=0.Because Al(ey) is only an estimate

o o —=—Bo?
=e, e =—fle te.e,

to origin. is
function for e, considered as controller, we may define
the error variable

wzzex—Al(ey)zex (®)
In the next step, we consider the 2-D system
e =w,— fe
y 2 y
] ©)
wy=—0e te w,tw,yte, x
with e, regarded as a virtual controller. When
e =4, (e oW ), with 4, to be determined, the

system (9) will be asymptotically stable to the origin (0,
0).
Consider the Lyapunov function

L (10)

Vz(ey,w2)=%ef,+ 5

Its derivative along the solutions of (9) is

V2(ey,wz):ey;y+w2v.v2:—ﬁei<0 (11)
if

1
eZ=Az(ey,wz)zg[ey(l+w2+xl)+ wzyl] (12)

In the last step, we define the error variable

wime~4dsle,w,) (13)
and analyze the full 3-D system
e =w,-fe,
wy=—aw,—e, (14)

wi=—A,+wot p(wit 4,)+u

,:122 i{(l+ex+ e+ xl)).c1+ (ey+ bz

i#e&iua

Choose the Lyapunov function
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V3(ey,w2,w3):%ei+%w§+%w§ (16)

Its derivative is

V3(ey,w2,w3):eyey+ Wy Wyt Wy ws= —,Bei< 0 (17)

if the control function u is selected as

u=(a-1)w,—yw—yA,+ ;42 (18)

Substituting (18) in (4), the error dynamics is
obtained as

e=-0e te e te yte x,

e =e—pfe, (19)
e=0e t4,

It will converge to zero as [ -—>oo, so the

synchronization of the drive-response systems is

achieved.
2.2. Act system

As the second example we get the Act attractor,
whose dynamics is described by a set of three first-order
differential equations containing quadratic and cubic
nonlinearities. We define the drive and response systems
as follows

xlza(xl_yl)
yv=—4oy+x,z+ }/xf (20)
z= —0{521+x1y1+,5212
x2=a(x2—y2)
y,=—4oy,+x,z,+ }/x; (21)

: 2
z,=—00z,+x,y,+ fz5+u

where @, 5,0 and } are positive, constant parameters
of the system. The error dynamics is obtained as

N e

=ale~e)

N e

3 2 2
,=—4ae te zte x+ple+3e x+3e x| )
e=—ade_+ ex(ev+ y1)+ e, x+ ,Bez(ez+ 221)

+

N

(22
Consider first the stability of 1-D system

éx: a(ex—ey) (23)
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where e

y
associated Lyapunov function and its derivative are

is regarded as a virtual control. The

V](ex):ex:zx:aex(ex—ey) (24)

X 0

1
Vie)= el

Vl(ey) is negative definite if we choose an

estimate stabilization function as follows

eyzAl(ex)zzex (25)
Let now the error variable
wzzey—Al(ex)zey—Zex (26)
and study the 2-D system
€= —(Z(Wz‘i‘ ex)
w2=—20{w2+ex(ez+zl—60()+ele+ 27
+ 7ex(e)2c+ e . x+ 3x12)
In (27), e, is viewed as a controller. The
Lyapunov function for (27) is of the form
1 , 1 5,
Valewwa)=Zeitows (28)

Its derivative

V, (ex,w2)= e.e twyw,= —20{w§— Otei-i-
+ wz[ex(ez+zl— 705)+ e, x+ }/ex(e)zﬁ e . x+ 3x12)]
is negative definite if consider the estimate function

ex[7a—zl— }/(ei+3exx1+3x12)]
e +tx,

e.=A,le,w,y)= (29)

In the last stage, we define the error variable

wy=e.—A,(e,,w,) (30)

and study the 3-D system
€= —a(w2+ ex)

wo==20w,+0ae + w3(ex+ w;)

(31)
Wit o) e, (ot 2e )=
+(wyt2e x i+ Blwyt Ay wat A,+22,)+u

Choose the Lyapunov function

L 5 1 5
—W2+EW3

3 (32)

1
V3(ex,w2,w3)=gei+

and compute its derivative. If the control function takes
the form

U= :42— ﬂ(w3+A2)(w3+A2+ 2zl)+ adA,—

_exyl_2(6x+xl)(w2+ex)

(33)

then V5 is negative definite

105

V=—ae’-2awi-adw3 <0 (34)
3 x 2 3

From (33), (34) and (12) it follows that the error
dynamics is described by

L]
exza(ex_ey)
L]

e ,=—4ae te zte x+ }/(ei+3e§xl+3exx12) (35)
;Zz 0{5(A2—ez)+;12+(ex+x1)(26x—ey)

According to LaSalle-Yoshizawa theorem [19], the
error dynamics will converge to zero as time tends to
infinity and, as a consequence, the synchronization of the
two Act systems will be achieved.

3. NUMERICAL SIMULATION

3.1. Sprott K system

For the numerical simulations, the MatLab software
was used. The Sprott K system is chaotic when
oa=1F=1and y=0.3. The initial conditions for the

drive and response systems are taken as x,(0)=1,
y1(0)=2, z,(0)=5 and x,(0)=1.5, »,(0)=3,
z,(0)=3. Figure 1 illustrates the chaotic attractor in
the (x,,y,), (x;,z;) and (y,z,) planes while the
Figure 2 shows the time history of x, ,, ¥, z;, when

the control is de-activated.

The error states e, e, and e, evolve indepen-

y
dently and have not any tendency to decay, as shown in
Figure 3. When the control is activated according to
(18), the output of the response system (2) follows the
output of the drive system (1) asymptotically. Figures 4
and 5 confirm that the coupled Sprott K systems are
globally synchronized in less than 25 seconds.

Yq
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time

Figure 8: Time responses of error states when
the control is de-activated

time
Figure 9: Time history of x, ,, ¥, ,, z;, when the

control is activated at £ =0

, . . . . . . . .
5 10 15 20 25 30 35 40 45 50
time

Figure 10: Time responses of error states when
the control is activated

If the initial states of system (21) are x,(0)=0.1,
¥,(0)=0.2, z,(0)=0.5 and the control is de-activated
then Figure 7 depicts the time series of state variables

Figure 7: Time history of x, ,, ¥, ,, z; , when the

control is de-activate

while Figure 8 presents the time responses of error
states. By switching on the control law (33) at t = 0, the
numerical resolves such as time history of
X112, V1,25 21, are reported in Figure 9. Time needed

for modules of the error states e, , e, and e to be less

y

than 10™* was about 25 seconds, as shown in Figure 10.

4. CONCLUSIONS

In the paper, back-stepping design has been used to
synchronize chaotic systems like Sprott K and Act
systems. It has been shown that the method has excellent
performance in achieving global synchronization of the
identical chaotic systems discussed in this paper.

Among the advantages of the scheme there are a
few that are worth mentioning:

a) It is a systematic procedure and consists in a

recursive procedure that interlaces the choice of
a Lyapunov function with the control;

b) It needs only one controller to realize global
synchronization no matter which is the
dimensionality of the chaotic system;

c) It can be applied to a large class of chaotic
systems.

Numerical simulations have verified the effectiveness of
the method.
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IMPACT EVALUATION OF A LARGE PELAMIS BASED ENERGY FARM ON THE
WAVE FIELD IN THE ROMANIAN NEARSHORE AREA
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ABSTRACT

The present work describes a study related to the influence on the shoreline dynamics of a large WEC array
consisting of Pelamis devices. The target area is located in a coastal environment in the western side of the Black Sea.
Various simulations based on the wave climate from this area have been made with SWAN spectral phase averaged
wave model. Two situations have been considered in order to evaluate the impact of the wave energy farm: model
simulations without any wave energy converter and simulations considering included in the computational domain of a
system consisting 30 Pelamis devices. More analysis have been carried out in both geographical and spectral spaces.
The results show that a significant influence appears in the area analyzed and is gradually decreasing to the coast line

level.

Keywords: Black Sea, SWAN, Pelamis, WEC, nearshore waves, coastal impact.

1. INTRODUCTION

The need for pollution-free power generation has
led to important developments of the wave energy
devices, the most exciting developments at the present
time are in extracting renewable energy in the nearshore
and offshore areas. Wave energy can be accurately
predicted using numerical models within a window of a
few days and is depending on the location and weather
conditions. Different types of such devices and an
overview on the WEC evolution are given in [1].

This study presented in this paper represents the
first step to assess the influence of wave farms on coastal
circulation pattern and the surf dynamics.

The environment impacts are expected to be small
in the initial phase where only a small number of devices
will be deployed, but the impact caused by a large farm
is expected to be high.

Although this impact should not be considered to be
a negative factor, since reducing the wave energy might
produce benefits in several coastal areas and the
evaluation of the sensitivity of the nearshore wave area
represents a very important issue and a lot of studies are
necessary to be made in this direction.

The target arca analyzed in the present work is
located on the western side of the Black Sea, an area that
is proving to be interesting due to the technological
developments regarding harvesting renewable energy
resources. Also this area was found to be one of the most
energetic parts of the western side of the sea [2].

More evaluations of the wave conditions and
resources in the Black Sea have been made [3-6] and in
various zones near the coast have been reported to be
significant differences in terms of wave conditions.

The objective of the present work is to evaluate the
nearshore impact of a WEC array composed of 30
Pelamis devices disposed in two lines that would operate
on the west side of the Black Sea.

The importance of such devices, which can be used
also to reduce the wave height along the coastline
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protecting it by the erosion are presented by Nergaard et
al [7, 8].

Other studies are those of Millar [9] for the Wave
Hub project and Ponce de Leon [10] that studied the
influence of a wind farm in the nearshore. The influence
of a Palemis farm on the shoreline wave climate situated
close to the Portuguese coast is shown in the work of
Palha [11].

Considering this, more evaluations must to be
carried out in different coastal environment, energy farm
type and farm alignment, factors that can affect in short,
medium or long term changes induced in the shoreline
wave climate and dynamics.

2. METHODS AND MATERIALS

The target area considered in the present work is
situated south of the Sulina channel (Figure 1a), an area
found to be the most energetic area in previous studies
from the western side of the Black Sea and with
significant wave variations in time (Rusu [12]).

Transforming the electricity from sea waves implies
the use of convertors which transform the wave energy
into mechanical energy. Pelamis systems [13] are using
hydraulic systems and nowadays are considered among
the most effective devices for the wave energy
extraction.

The device is fixed at a location with a mooring
system and his hydraulic system seem to be the most
recommendable for areas where are generated high
forces.

Following the results of the analysis related to the
wave climate in the coastal area considered, most
relevant case studies were analyzed and only a part of
the analysis will be discussed in this paper.

The ISSM computational system was considered
[14], in order to evaluate the impact of the wave energy
farm operating in the target area. This tool has been
designed to simulate waves and longshore currents and
directs the integration of the SWAN wave model [15]
with a 1D surf model [16] in the background.
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Simulations with the SWAN model have been
performed in various cases that reflect better the most
relevant wave patterns in the target area and for
accounting in the wave model of the Pelamis array
geometry, the command obstacle was considered.

A detailed analysis has been performed,
corresponding to two different situations that were
considered in the present study, PO (without any device
operating in the target area) and P30 (with 30 Pelamis
devices operating in two lines in the target area).

In Figure 1b, illustrates the configuration of the
farm with the three configurations which have been
analyzed. Also, the reference points are presented: the
first reference point is denoted as BP and indicates the
boundary point and three other reference points are

e

defined at 1.8km down wave from the WD farm and
they have been denoted as offshore points (OP).

This kind of device is semi-submerged structure,
articulated and composed of cylindrical bodies. The
length of the Pelamis device is of 150m and it is held in
position by a flexible mooring system.

The configuration for grouping the Pelamis devices
is the one recommended by the company and the devices
are spaced by 150m. Also, the Wave Energy Centre
performed a study regarding the large scale extraction of
wave energy and it was recommended a maximum
length of 4.5 km for the wave farms (WavEC [17]).

Bathymetry (m)

Figurel a) Location of the target area b) Pelamis farm composed of 30 devices arranged in two lines and configured for
waves that propagate in the northeast, east and southeast.

3. DISCUSSIONS AND RESULTS

Spatial configuration considered for the Pelamis
farm is presented in Figure 2, where each system was
positioned in the direction of the incident wave. Because
of his system of anchoring Pelamis system automatically
adjust to the direction of the incident wave, but on his
way to stabilize the system may vary around the
equilibrium position (left or right), which leads to a
dynamic behavior of the Pelamis system. To include in
the numerical simulations this dynamic behavior was
considered useful to use multiple cases of transmission
and reflection that can be encountered during the
operation of the Pelamis systems.

The case when the transmission factor is 0.8 and
reflection is 0.15 of the Pelamis farm is illustrated in
Figure 2. At a first analysis of the numerical simulations

is observed that the presence of the farm has no
influence on the geographic space in the case of the
small wave conditions (Hs = Im, Tm = 4s). For medium
wave case, behind the farm it is observed a presence of a
wave field with wave heights of 1.7-1.8m, and close to
the shoreline wave of 1.3m. For high waves, the
presence of Pelamis farm can cause an effect of reducing
the local wave heights up to 2.8m, this value being
encountered also near the shoreline in the situation when
the waves are coming from the north-east and south-cast.

Table 1 presents a more detailed overview of the
wave parameters development in the presence of the
Pelamis wave farm. Results are reported for the control
points (OP and BP) considering the same transmission
and reflection factors and the three wave conditions
studied (small, medium and large).
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Hs (m)

He=1m Hs=1m i Ha=tm
Trr=ds i Trr=ds i Trr=4s
Dir =30™ g Diy =90 Dir=160

:
k

PR

0
Figure 2 Evaluation in the geographical space of the impact on the wave field of a Pelamis wave farm that operates in
the target area for the case when the transmission factor is 0.8 and reflection factor is 0.15. The results are reported for
a), b), ¢) small waves (Hs=1m, Tm=4s) which are coming from northeast, east and southeast (30°, 90° si 150° — nautic

convention); d), e), f) average waves (Hs=3m, 7m=6s) which are coming from northeast, east and southeast; g), h), 1)
high waves (Hs=5m, Tm=8s) which are coming from northeast, east and southeast.

Tabele 1. Evaluation of the influence of a Pelamis farm on the target area for case when Trans = 0.8 and Ref=0.15
indicated by four reference points (BP, OP1, OP2 and OP3). Numerical simulations reported for large waves (Hs = 5m,
Tm = 8s) that propagate from: a) northeast (Dir = 30°), b) East (Dir = 90°) and c) Southeast (Dir = 150°).

Punct Hs 2Emax Dir DSPR Tp/Tm Wlen P}x P}y Fx , Fy ,
(m) (m’/Hz/grd) ©) ©) (s) (m) (m’/s) (m’/s) (N/m’) (N/m)
a) Dir=30°
BP 4.54 18.51 34.40 32.86 8.29/7.11 | 73.02 -3.75 -5.55 -0.09 -0.17
OP1 3.62 15.07 32.98 26.45 8.29/7.23 | 72.92 -2.75 -4.14 0.47 -0.39
OoP2 3.29 13.51 30.92 26.64 8.29/7.19 | 72.28 -2.12 -3.46 0.40 -0.23
OP3 3.08 12.14 31.41 27.82 8.29/7.17 | 72.18 -1.85 -2.95 0.31 -0.23
b) Dir=90°
BP 4.73 18.77 90.21 33.99 8.29/7.04 | 71.11 -7.14 0.03 -0.20 -0.04
OP1 2.90 7.16 84.36 33.88 8.29/7.16 | 71.44 -2.91 -0.25 0.33 -0.18
oP2 2.76 6.94 90.79 34.27 8.29/7.17 | 71.83 -2.63 0.06 0.26 -0.04
OP3 2.76 6.82 95.63 34.13 8.29/7.19 | 72.53 -2.63 0.28 0.24 -0.07
) Dir=150°
BP 4.54 18.48 146.14 33.01 8.29/7.12 | 73.16 -3.69 5.60 -0.08 0.09
OP1 2.99 13.59 150.63 28.13 8.29/7.15 | 71.09 -1.66 2.86 0.32 0.05
oPrP2 3.13 14.23 152.00 27.93 8.29/7.16 | 71.56 -1.74 3.17 0.34 0.07
OP3 3.29 15.32 153.25 27.06 8.29/7.17 | 71.99 -1.85 3.58 0.37 -0.01

The parameters considered in Tables 2-6 are spreading (DSPR), peak period (7p), mean period (7m),
significant wave height (Hs), maximum variance wavelength (Wlen), the components of the energy
(Emax), mean wave direction (Dir), directional
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transport (Px, Py) and the components of the wave forces
(Fx, Fy).

The evolution in the spectral space of the wave
conditions for two different cases of transmission is
shown in Figure 3 considering three wave conditions:
small, medium and large. For case 1 (Trans = 0.2, Ref =
0.3) when waves propagate in northeast and southeast
directions it is observed a reduction in the direction
domain of the energy distribution and a narrow of the

spectral shapes in the frequencies domain. Regarding the
waves which are coming from east there can be observed
an energy dissipation resulting in a spectrum with two
distinct peaks, as well as severe a change of the direction
of the waves (in the case of large waves). As expected
the less affected are the spectral shapes of case when the
transmission and reflection factors are Trans = 0.8 and
Ref=0.15.

Hs=5m
Tm=8s

a) Pelamis farm

D1r=30 & R ‘ ?

Dir =90°

A

Dir=150° | \ “ ek

b) Pelamis farm

Normalized variance - Direction (°)/Freq. (Hz)

Figure 3 Evaluation in the spectral space of the impact on the wave field of a wave Pelamis farm in three directions:
north east (30 °), east (90 °) and southeast (150°) for large wave conditions (Hs = 5m, Tm = 8s). Combinations of
transmission and reflection coefficients were shown in two cases: (Trans = 0.2, Ref = 0.3) and (Trans = 0.8, Ref = 0.15).

High Waves (Hs=5m; Tm=8s)

Hs Hs
45 5

Dir=30°

Dir =150° N
L R km 3
2 ] 10 14 "

mms  Without wave farm
e =m= Pelamis —case 1
== Pelamis — case 2

== Pelamis —case 3

10 14 18

Figure 4 Evolution of the wave heights Hs along the bathymetry lines of 20m (left side) and 25m (right side) for large
waves (Hs = 5m, Tm = 8s). Results are reported for the situation where there is no wave farm and when there is a
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Pelamis farm (for three different cases of transmission and reflection factors: case 1 - Trans = 0.2, Ref=0.3 / case 2 -
Trans = 0.5, Ref=0.225 / case 3 - Trans = 0.8, Ref=0.15) interacting to waves: a), b) north-east (30°); c), d) east (90°)
and e), f) southeast (150°).

The distribution of the wave heights along the
bathymetry lines (20m and 25m) in the presence of the
farm, for the case of development of high waves is
shown in Figure 4, where it can be seen that the largest
differences are mostly concentrated in the center.

4. CONCLUSIONS

An important aspect in the direction of reducing the
energy cost is represented by the implementation of large
WEC arrays.

Thus, large scale WEC deployments are expected in
the near future and a very important issue related to this
perspective is to evaluate correctly the possible coastal
impact of these power plants which can operate in the
nearshore area. In this context, the present work presents
an evaluation of the changes induced in the coastal wave
climate by an array of 30 Pelamis devices and located in
the western side of the Black Sea, but this methodology
can be extended to any coastal environment.

As regards the wave transformation, the modelling
system considered in these evaluations is based on the
SWAN spectral model, which is a suitable tool for
accounting the wave changes due to the presence of the
energy farm. Evaluations were carried out in both
geographical and spectral spaces for various relevant
wave patterns and for different transmission and
reflection factors. The results show that while
immediately after the farm drastic changes occur in the
wave fields, thus slowly gradually attenuate towards the
coast, but can be noticed important changes of the field
also near the coast.

In order to assess better the changes taking place in
the spectral shapes due to the energy farm, more
transformations of theoretical JONSWAP spectra were
analyzed for different cases considered. The results
usually show that the single peaked wave spectra are
usually changed by the wave farm in double peaked
spectra.

Further investigations needs to be made in order to
study the environmental impact of these WEC farms. We
can safely assume that this kind of farms have a positive
role both in terms of renewable energy production and of
protecting the coast, because it is known that the
Romanian coast area is facing coastal erosion problems.
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MODAL ANALYSIS OF NATURAL FREQUENCIES AND MASS PARTICIPATION
COEFFICIENTS OF SIMPLY SUPPORTED THIN PLATES WITH DAMAGES
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ABSTRACT

., Eftimie Murgu” University of Resita, Romania

This paper presents the results regarding the determination of natural frequency and mass participation coefficients
of a simply supported plates types with 2 and 3 defects. The simulation was made by modal analysis through
SolidWorks software. Interpretation of the results is embodied in table form and graphical form.

Keywords: natural frequencies, mass participation coefficients, simply supported.

1. INTRODUCTION
A plate is a solid body with the length and width
relatively large compared to the thickness [1].

In this paper, it will be analyzed 4 cases of two
types of thin plates namely simply supported plate and
simply supported on width and free on length, both with
2 and 3 defects of 5x5 mm on longitudinal axis,
respective of 250x5 mm on laterally/center of the plate.

To determine the natural frequency [2, 3] and the
mass participation coefficients in the three directions X,
Y and Z, was carried out a 16 vibration modes [4].

2. THE 3D MODELLING
For the 3D modelling was considered a thin plate
with the 1000x500x2 mm dimensions.

For this study, the following steps were made [5]:
the plate geometry was created; the frequency study was
done; the material was chosen; the restrictions were
applied [6]; the mesh was done [7, 8]; the calculation of
modal analysis was made and the results were
visualized, results that can be in word documents
generated.

The material from SolidWorks library was the AISI
316 (DIN 1.4401 or X5CrNiMol7-12-2) austenitic
stainless steel, with the following mechanical properties
shown in Table 1:

Table 1. Mechanical properties

Yield | Tensile | Mass Elastic |Poisson's
strength | strength | density | modulus | ratio
[N/mm2] | [N/mm2] | [kg/m3] | [N/mm2] [-]
172.369 580 8.000 | 193.000 | 0.27

The mesh was done by the solid mesh for ,,mesh
type”, by the standard mesh for ,mesher used” with 4
points for “Jacobian points” and by the option high for
the ,,mesh quality”.

Tables 2 (for 2 defects) and 3 (for 2 defects) show
the results of the mesh for the 4 cases.

Figures 1 (for defects on longitudinal axis of the
plate) and 2 (for defects on laterally/center of the plate)
shows the mesh details.
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Table 2. The mesh results for 2 defects case

Plate ¢ Total | Total
ate type

P Nodes | Elements
Simply supported and simply 36134] 20059

supported on width and free on length

Defects of 5x5 mm on longitudinal axis

Simply supported and simply

supported on width and free on length 38312

20347

Defects of 250x5 mm on laterally/center

Table 3. The mesh results for 3 defects case

Plate ¢ Total | Total
ate type

P Nodes | Elements
Simply supported and simply 46616| 27428

supported on width and free on length

Defects of 5x5 mm on longitudinal axis

Simply supported and simply

supported on width and free on length 34314

16926

Defects of 250x5 mm on laterally/center

oy iy

Figure 1 Mesh details for plates with 2 and 3 defects
of 5x5 mm on longitudinal axis

Ny

Figure 2 Mesh details for plates with 2 and 3 defects
of 250x5 mm on laterally/center

Figures 3 + 6 shows the a number of 16 vibration
modes for only 4 analyzed plates with 2 and 3 defects.
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Mode 1 Mode 2 Mode 3 Mode 4 Mode 1 Mode 2 Mode 3 Mode 4

ahb b

Mode 5 Mode 6 Mode 7 Mode 8

YN

Mode 9 Mode 10 Mode 11 ~ Mode 12 Mode 9 Mode 10 Mode 11 ~ Mode 12
Mode 13 Mode 14~ Mode 15 Mode 16 Mode 13 Mode 14  Mode 15 Mode 16

F igur.e 3 Vibration modes for simply §upported plate Figure 5 Vibration modes for simply supported plate
with 2 defects of 5x5 mm on longitudinal axis with 3 defects of 250x5 mm on longitudinal axis

N, Nukh

Mode 1 Mode 2 Mode 3 Mode 4 Mode 1 Mode 2 Mode 3

'

~Mode 5 Mode 6 Mode 7

Mode 5 Mode 6 Mode 7 Mode 8

Mode 9 Mode 10 Mode 11

b

Mode 10 Mode 11 Mode 12

Wh b

Mode 13 Mode 14  Mode 15  Mode 16 Mode 13 Mode 14  Mode 15 Mode 16
Figure 4 Vibration modes for simply supported on width Figure 6 Vibration modes for simply supported on width
and free on length plate with 2 defects of 5x5 mm on and free on length plate with 3 defects of 250x5 mm on
longitudinal axis longitudinal axis
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3. EXPERIMENTAL RESULTS

After the numerical simulation, the obtained results
for natural frequencies [Hz] are numerically present in
Tables 4+7 and graphically in Figures 7 and 8.

Table 4. The values of natural frequency for 2 defects of
5x5 mm on longitudinal axis

Mode | Simply Simply‘supported

Number | supported on width and

free on length
Ml 38.395 13.273
M2 63.225 18.237
M3 80.742 31.676
M4 97.615 41.422
M5 99.59 50.412
M6 127.61 58.059
M7 142.85 72.943
M8 166.43 74.275
M9 176.06 93.115
M10 197.34 106.62
Ml1 199.54 117.02
M12 214.67 125.76
M13 233.81 137.91
M14 261.83 149.29
M15 271.34 154.13
M16 285.64 169.65

Table 5. The values of natural frequency for 2 defects of
250x5 mm on laterally/center defects

Mode | Simply Simply.supported

Number | supported on width and

free on length
M1 38.886 13.334
M2 63.644 18.223
M3 80.929 32.546
M4 98.002 41.346
M5 100.84 51.202
M6 132.52 59.891
M7 141.95 74.013
M8 175.58 75.18
M9 176.59 97.209
M10 195.88 110.06
MIl1 203.02 116.46
M12 230.88 126.41
M13 243.19 145.05
M14 259.85 155.42
M15 297.68 156.18
M16 299.47 168.89

350

Natural —B—Simply supported 5x5 mm
-IFrequency [Hz]| | —+— Simply supported on width and free on length 5x5 mm

—a—Simply supported 250x5 mm

30

=)

250 Simply supported on width and free on length 5x5 mm

PLATE
WITH
TWO

DEFECTS|

200 -

150

100 +

50 4

M1 ‘ M2 ‘ M3 ‘ M4 ‘ M5 ‘ M6 ‘ m7 ‘ M8 ‘ M9 ‘M10‘M11‘M12‘M13‘M14‘M15‘M16
Figure 7 The values of natural frequency
for plates with 2 defects
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Table 6. The values of natural frequency for 3 defects of

250x5 mm on laterally/center defects

Mode | Simply Simply.supported

Number | supported on width and

free on length
M1 39.175 13.36
M2 64.952 18.27
M3 82.013 32.297
M4 100.94 41.562
M5 102.31 51.117
M6 135.97 59.786
M7 147.73 74.514
M8 178.39 75.095
M9 179.06 97.408
M10 204.31 111.82
Ml11 205.98 117.71
MI12 234.53 128.11
M13 251.82 144.73
M14 273.79 158.01
M15 300.47 160.03
M16 304.46 171.02

Table 7. The values of natural frequency for 3 defects of

350

30

=3

250 -

200 -

150

100

50

250x5 mm on laterally/center defects

Mode | Simply Simply.supported

Number | supported on width and

free on length
M1 38.344 13.264
M2 63.02 18.221
M3 81.257 32.021
M4 97.413 41.366
M5 98.614 50.928
M6 128.59 59.168
M7 141.67 73.357
M8 170.18 74.082
M9 178.43 95.312
M10 195.94 107.25
M1l 198.18 116.64
M12 222.03 127.26
M13 235 142.37
M14 260.59 151.53
M15 285.87 152.1
M16 288.93 169.23

Natural —&—Simply supported 5x5 mm
H|Frequency [Hz]| | —+—Simply supported on width and free on length 5x5 mm

—a—Simply supported 250x5 mm

Simply supported on width and free on length 5x5 mm

PLATE
WITH
THREE
DEFECTS

Mode Number

M1 ‘ M2 ‘ M3 ‘ M4 ‘ M5 ‘ M6 ‘ M7 ‘ M8 ‘ M9 ‘M10‘M11‘M12‘M13‘M14‘M15‘M16
Figure 8 The values of natural frequency
for plates with 3 defects

For the mass participation coefficients of X, Y and

Z directions, the obtained results for the 4 analyzed cases
of the two types of plates with 2 and 3 defects of 5x5
mm respective 250x5 mm are shown graphically in
Figures 9 + 14 for each direction.
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Figure 9 The mass participation coefficients for X direction of plates with 2 defects
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Figure 10 The mass participation coefficients for Y direction of plates with 2 defects
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Figure 11 The mass participation coefficients for Z direction of plates with 2 defects
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Figure 12 The mass participation coefficients for X direction of plates with 3 defects
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Figure 13 The mass participation coefficients for Y direction of plates with 3 defects
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Figure 14 The mass participation coefficients for Z direction of plates with 3 defects

4. CONCLUSIONS

From the modal analysis for determining the natural
frequency and the mass participation coefficients
through SolidWorks software, can make the following
conclusions:

o through finite element method, the mesh for all
analyzed plates was made using the same type of
solid mesh, where the resulting for total nodes
and elements were different for the 4 analyzed
cases;

o for each analyzed plate, the natural frequencies
increase gradually from the first mode to the last
vibration mode;

e the wvalues of the simply supported plates
frequencies are in all cases higher than those of
plates simply supported on the width and free on
length; this confirms that a simply supported plate
without defect also, has higher values compared
to other types of plates studied by the authors [9];

o the higher calculated natural frequency for the
case with two defects, belongs to the simply
supported plate in width and free on length with
the defects of 250x5 mm on laterally/center of
plate (figures 9+11);

o in the case study with 3 defects, the higher
calculated natural frequency, belongs to the
simply supported thin plate of 250x5 mm and also
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to the cases with defects of 250x5 mm on
laterally/center of the plate (figures 12+14).
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ABSTRACT

This paper presents the results obtained by modal analysis through SolidWorks software for determining natural
frequency of some types of clamped thin plates with 2 and 3 damages on longitudinal axis and on the laterally side/
center. Interpretation of results obtained from simulation for a total of 20 vibration modes is shown by comparison in
tabular form and in graphical form.

Keywords: modal analysis, clamped thin plates, damages.

1. INTRODUCTION

In this paper 4 cases of 3 types of clamped thin
plates [1] with damages will be analyze namely: clamped
on width-free on length, clamped on width-simply
supported on length, respective clamped on width and
length.

All plates are with 2 and 3 damages, damages on
longitudinal axis of 5x5 mm, respectively on laterally
side/center of 250x5 mm [2, 3].

Mode 1 Mode 2 Mode 3 Mode 4

2. THE 3D MODELLING

For 3D modelling was considered a clamped thin
plate with the dimensions of 1000x500x2 mm. Mode 5 Mode 6 Mode 7 Mode 8

After creating the geometries of plates with
SolidWorks, the study of frequency type [4] was made
on determining the natural frequency of plates with a
total of 20 vibration modes [5, 6].

The associated material is the AISI 316 stainless
steel with the tensile strength of 580 N/mm?.

3. EXPERIMENTAL RESULTS Mode9  Mode 10  Mode 11 Mode 12

The numerical simulation through the finite element
method [7], was performed by the following options:
High for Mesh Quality, Solid mesh for Mesh type and
Standard mesh for Mesher Used.

Table 1 presents the results of the mesh for the 4
cases examined, regarding the total number of nodes and

elements and Figures 1 and 2 shows examples of the 20 Mode 13 Mode 14~ Mode 15 Mode 16
vibration modes.
Table 1. The mesh results
Clamped thin plate type Nodes|Elements
With 2 damages on longitudinal axis of
5x5 mm (max. aspect ratio: 72.927) 36134) 20059

With 2 damages on longitudinal axis of 38312| 20347 Mode 17  Mode 18  Mode 19  Mode 20
250x5 mm (max. aspect ratio: 63.455)
With 3 damages on laterally side/center 46616| 27428 Figure 1 Vibration modes for clamped on width-free on
of 5x5 mm (max. aspect ratio: 115.85) length plate with 2 damages on longitudinal

With 3 damages on laterally side/center axis of 5x5 mm

of 250x5 mm (max. aspect ratio: 53.717) 34314| 16926
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Figure 2 Vibration modes for clamped on width and
length plate with 3 damages on the laterally

side/center of 250x5 mm

Figures 3 and 4 shows the mesh and in Tables 2 and
3 are shows examples of values of the angular speed and
values of the maximum displacement.

7

Figure 3 Mesh details for plates with 2 damages
on longitudinal axis

/]

Figure 4 Mesh details for plates with 3 damages
on laterally side/center
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Table 2. Clamped plate on width-free on length with 2
damages on longitudinal axis of 5x5 mm

Mode Angular Maximum

Number speed displacement | Node
[rad/sec] [mm]

M1 296.65 859.653 31955
M2 396.99 831.782 14454
M3 568.26 824.924 32957
M4 780.95 821.609 11249
M5 809.8 838.043 30252
M6 917.3 788.348 3944
M7 1106.4 988.463 6160
M8 1128.9 939.338 26534
M9 1367.3 928.591 23279
M10 1504.8 866.287 11286
Ml11 1511.3 871.398 11522
M12 1676.3 1065.5 22065
M13 1716.7 1011.45 29251
M14 1916.8 901.207 26742
M15 1948.5 904.276 26064
M16 2094.9 1031.13 30932
M17 2246 924.125 26257
M18 2448 969.932 12551
M19 2507.5 908.222 24485
M20 2555.6 1035.49 24500

Table 3. Clamped on width and length plate with 3
damages on the laterally side/center of 250x5 mm

Mode Angular Maximum
Number speed displacement | Node
[rad/sec] [mm]
M1 299.95 860.36 6141
M2 396.7 829.905 2760
M3 568.8 815.701 5054
M4 793.02 787.041 9657
M5 811.6 803.48 15558
M6 909.07 784.89 17016
M7 1116.5 899.552 19981
M8 1126.1 828.528 3394
M9 1408 812.354 25597
M10 1500.5 782.725 21417
M1l 1543.3 756.369 19258
MI12 1673.2 803.485 8355
M13 1772.5 811.99 17910
M14 1928 897.039 31546
M15 1946.2 844.224 16640
Ml16 2211.1 889.452 14956
M17 2309.4 863.271 9212
M18 2456.7 791.676 8786
M19 2576.3 724.072 19748
M20 2698.1 966.127 3931

The results obtained for natural frequency are
shown in Tables 4+7 and in graphical form in Figures 5
and 6, where was used the notation A (for clamped plate
on width-free on length), B (for clamped plate on width-
simply supported on length) and C (for clamped plate on
width and length).
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Table. 4 Natural frequencies for plate with 2 damages M6 | 56.901 | 117.16 | 148.03
on longitudinal axis of 5x5 mm M7 | 74.683 | 144.93 | 179.87

Mode A B C M8 | 83.629 | 166.67 | 184.71

M1 | 10.426 | 26.266 | 47.214 M9 | 94.639 | 178.52 | 232.81

M2 17.503 | 46.274 | 63.184 M10 | 117.85 | 193.69 | 238.89

M3 | 28.894 | 76.528 | 90.442 MI1 | 124.6 | 209.71 | 241.29

M4 | 40626 | 82.574 | 124.29 M12 | 129.12 | 226.21 | 272.98

M5 5275 | 105.24 | 128.88 M13 | 142.36 | 254.74 | 295.97

M6 | 57.052 | 117.02 | 145.99 Ml14 | 164.82 | 255.51 | 308.34

M15 | 171.87 | 296.04 | 320.39
M16 | 176.57 | 313.88 | 368.67
M17 | 200.35 | 317.38 | 383.86
M18 | 216.02 | 328.15 | 389.23
M19 | 237.04 | 354.75 | 397.68
M20 | 238.72 | 375.96 | 439.5

M7 | 72.225 | 138.79 | 176.09
M8 | 79.931 | 167.42 | 179.66
M9 | 95.064 | 177.36 | 217.61
M10 | 112.26 | 183.13 | 239.5
MI11 | 119.29 | 205.1 | 240.53
MI12 | 127.74 | 227.21 | 266.79
MI13 | 143.3 | 236.06 | 273.22

Table. 7 Natural frequency for plate with 3 damages on

Mi14 | 158.6 | 246.23 | 305.06 laterally side/center of 250x5 mm
MI15 | 161.59 | 290.49 | 310.11 Mode A B C
MI6 | 170.5 | 297.51 | 333.42 M1 | 10.415 | 26.504 | 47.738
MI8 | 203.2 | 314.62 | 389.61 M3 [ 28.842 | 76.654 | 90.528
M19 | 221.32 | 349.94 | 399.08 M4 | 41.059 | 83.266 | 126.21
M20 | 231.78 | 359.15 | 406.74 M5 | 53.719 | 105.02 | 129.17
M6 | 56.944 | 116.72 | 144.68
Table. 5 Natural frequency for plate with 2 damages M7 | 73.541 | 140.07 | 177.69
on longitudinal axis of 250x5 mm MS | 81484 | 166.73 | 179.23
Mode A B C M9 | 94.736 | 180.37 | 224.09
M1 | 10.438 | 26.672 | 47.861 MI10 | 115.15 | 187.23 | 238.82
M2 | 17.861 | 47.382 | 64.614 MI1 | 121.25 | 204.29 | 245.63
M3 | 28.962 | 78.812 | 93.795 MI12 | 129.95 | 226.85 | 266.3
M4 | 41.637 | 84.104 | 126.72 M13 | 142.61 | 244.77 | 282.1
M5 53.79 | 108.9 | 134.18 M14 | 160.07 | 245.62 | 306.85
M6 | 57.341 | 120.52 | 149.51 M15 | 167.68 | 297.35 | 309.75
M7 | 74.409 | 148.14 | 186.17 MI16 | 172.52 | 305.24 | 351.91
MS | 82979 | 173.11 | 1877 M17 | 200.75 | 315.59 | 367.56
M9 | 95.606 | 180.84 | 234.67 M18 | 207.23 | 321.91 | 390.99
M10 | 117.72 | 196.46 | 24536 M19 | 230.16 | 347.18 | 410.03
M1l 112572 | 211.65 | 250 28 M20 | 236.06 | 372.87 | 429.42
MI12 | 130.43 | 236.49 | 275.35 500
MI13 | 144.5 | 257.98 | 295.53 400 | Plate with

two damages

M14 | 165.18 | 265.05 | 325.04
MI15 | 171.05 | 310.57 | 329.64

300

MI16 | 180.06 | 321.57 | 367.07 2007

M17 | 203.79 | 323.15 | 386.16 100 { :

MI8 | 219.36 | 329.92 | 409.57 JEE

MI19 | 236.05 | 361.15 | 413.96 MTMZ MO WM NS Mo T M Mo IO MITNIZ MES 14 MTS WS M7 MiS Mo M0

M20 | 246.14 | 397.59 | 44819 Figure 5 Natural frequencies for plates with 2 damages

500
Table. 6 Natural frequency for plate with 3 damages on a0 | Plate with

laterally side/center of 5x5 mm s three damages

Mode | A | B | C e :
M1 | 10.407 | 26.63 | 47.624 200 || xamuse /,,A//—
M2 | 17.758 | 47.023 | 64.062 100 | T
M3 | 28.836 | 77.253 | 91.798 ais e
M4 41-599 82~999 124‘84 ° M1 MZ M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20
M5 | 54.106 | 107.65 | 130.43 Figure 6 Natural frequencies for plates with 3 damages
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In Figures 5 and 6, the note shall be construed as
follows:
o 2 and 3 is the number of damages in plates;
e 5x5 and 250x5 are the size of damages in mm;
o with A, B and C were noted the plates for the 3
type of clamped.

4. CONCLUSIONS

From the frequency studies, the
conclusions can be made:

No matters of the imposed clamped type, the plates
in case with 2 and in case with 3 damages have the same
total number of nodes and elements;

The lowest wvalues of natural frequency
characterized the clamped on width-free on length plate
and the highest values characterized the clamped on
width and length plate and the natural frequency for
analyzed plates tend to progressively increase from the
vibration mode 1 to the vibration mode 20;

From the graphics shown in Figures 5 and 6, it’s
observed a grouping of plates curves with 2 and 3
damages of 5x5 mm and 250x5 mm in the clamped on
width-free on length cases, respective in the clamped on
width-simply supported on length and clamped on width
and length;

For plates with 3 damages shown in Figure 6, can
be observed a clear grouping of two by two curves
namely: clamped on width-free on length, clamped on
width-simply supported on length, respective clamped
on width and length for damages of 5x5 mm and 250x5
mm, which means that the size of defects required very
little influence the increasing of frequency;

following
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ABSTRACT

The paper presents a study on shell-metal casing in order to improve the ship design process for respecting the
International Maritime Organization (IMO) regulation. A ship, as a multifunctional marine structure on the sea, has
structural vibration that may affect both the comfort of the crew and the life of the environment’s fauna. An
experimental modal analysis is made. The results from diagrams show that the decreasing of curvature is favourable in
increasing natural frequency of the shell metal plate. This phenomenon allows avoiding the resonance of the shell

during the machine running.

Keywords: Green Policy, hull design, impact, modal analysis, shape

1. INTRODUCTION

Ship structural vibration and damage problems are
gradually getting more attention during ship design and
construction [12]. Beside waves and winds excitation,
the propeller and main machine influence the shipboard
habitability. Improving standards of passenger's comfort
on board demands to naval architects for finding new
cruise ship designing approach [4]. The underwater -
radiated noise by the ships became the stronger
challenge that needed to be technically solved. New
directives that shall affect the Shipbuilding Industry are
given for reducing the environmental impact of vessels
in order to respect the new EU's "Green Policy" and
IMO regulation [3]. A series of ship's noise
measurements was done in 2011 on the basis of a co-
operation of several NATO nations [9]. Shipbuilding
industry is moving ahead to reduce the impact of the new
ships.

Vessels are elastic systems under periodic forces
that come from different sources. The intensity or
magnitude of the excitation forces, the stiffness of the
structure and the dynamic amplification at different
frequencies due to resonance phenomena are the main
parameters that define the vibration levels obtained in
the vessel. Different sources of disturbance that affect
the comfort on board for passengers and the crew are
shown in Figure 1.

type A (0 %)

type B (10 %
type E (16 %) ypo B (10 %) type of disturbance

type A: vibrations
type B: structural noise

type C (30 %) type C: technical noise

type D- entertainment noise
type E: impact noise
type D (44 %)
Figure 1 Different influence of the sources of
disturbance [8]

Researcher Biot M. shows in his paper [4] that the
source of higher disturbance is the hull response to the
first propeller harmonic with the problematic frequency
range between 0 and 20 Hz. The propeller cavitation is
associated with medium and high frequencies, between
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20 Hz and 65 Hz. Very low frequencies, up to 2 Hz. for
hull girder’s mode, are considered from habitability
point of view, connected only with sea waves in calm
water [5], even if in open sea, the waves are main
disturbances for surface vessels [13]. Only the global
ship free vibrations are discussed because the dynamic
analysis results establish if the ship hull girder can occur
special phenomena as: springing, whipping or other
interferences at the shipboard [7].

The ship hull vibrations have influence also on
environment as presented in Figure 2. Water, as an
excellent medium for sound transmission, allows sound
to travel almost five times faster through sea water than
through air (about 1500 vs. 300 m/s), and low
frequencies can travel hundreds of kilometer with little
loss in energy, thereby enabling long distance [13, 11].

I ' harlcs
—

Seals & Sex Lion:
Vaothed Whalcs N

Fish

ot
I I
| Br Sk 1MLl [ I | LY TTH [Lel TiF
Shipping

Figure 2 Typical frequency sound bands produced
by marine mammals (and fish) compared with the
nominal low-frequency sounds associated with
commercial shipping [after OSPAR 2009]

From an elastic-acoustic point of view, the hull
becomes a wave radiator to the water due to the
acceleration induced on it by the action of the main
mechanical excitation sources and to the propeller [3].
For this reason is necessary to reduce the vibrational
energy transmitted to the hull by the main machinery and
by the propeller.

The participants to Convention on the biological
diversity held at Monreal in 2012 asked the following:

“Currently, and based on these experimental data,
the message to the Shipbuilding Industry is clear: The
abatement of the URN (underwater radiate noise)
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signature of the “new vessels” will require a preventive
control of the sources and actions focused on reducing
the vibration energy transmission from the main
mechanical sources, as the main machinery, to the
hull”[13]. In order to answer to this message, in
designing ship hull is necessary to consider the
information from Figure 3 that referred to the URN
contributors.

{ mem Emcm| 7SI-URN Tool

4,5 x RPM Main Engines

—— Propeller

High Main Engines Orders

Figure 3 Narrow band analyses for accurate
identification of URN contributors [13]

Some researches are already done for diminishing
URN. At the end of August 2011 the Fishing Research
Vessel (FRV) “Ramén Margalef”, which is considered
one of the “most silent” vessels of all the European
Fleet, was delivered to the IEO- Spanish Oceanographic
Institute [3].

Technological advances in vessel propulsion and
design have resulted in a noisier underwater realm [13].
Most of the acoustic field surrounding large vessels is
the result of propeller cavitation (when vacuum bubbles
created by the motion of propellers collapse), causing
ships at their service speed to emit low-frequency tonal
sounds and (high-frequency) noise spectra up to tens of
kHz quite close to vessels [13]. Also amounts of radiated
noise can arise from on-board machinery (engine room
and auxiliary equipment).

Minimizing the excitation forces of the system and
avoiding flexible structures from a dynamic point of
view are recommended as possible action that could be
implemented to keep control on vibration levels.
Avoiding the coincidence of structural frequencies with
excitation frequencies is also necessary.

Some researches on the geometries presented in this
paper are already done. The influence of the shell’s
shape on displacement of the plate [2] and on dumping
process, as in Table 1 [8], are studied.

The ratio between the area models, A, and A, ,
measured in longitudinal sections, is used to analyse the
influence of the shape on the dumping process,
described by A, logarithmic decrement.

Table 1 The influence of curvature perturbation
on logarithmic decrement

Test Ayl A AB/ g Ao/ Ay
[8] [8]

1 1.045 4.28 2.202855

2 1.045 4.28 1.882789

Because the shape analysis is an important subject,
both in hull and propeller design, this paper deals with

126

the influence of the shape on the natural frequency of the
shell plate.
Figure 4 presents the model that simulates the
physical process of our experiment.
The equation 1 [6] is used for describing this
process.
d* dy

m——+c—

gz T Tl =7®

(1)

Elements of equation are:

0 mass, m;
o elastic constant, k;
o dump coefficient, c.

Figure 4 Liniar dump system with
one degree of freedom

The real structure are analysed considering modal
analyses that allow generalization of Eq. 1 to more
freedom degrees system. It is known that the points of
this system have harmonic displacements, in phase,
during eigen mode motion, which is the single
synchronized harmonic movement. [6]. We are
interested in finding magnitude values because lower
frequencies are studied. The maximum magnitude gives
information for short time impact as used in our
experiment.

Fouries serie is used for determining the natural
frequencies values. The results show that strain energy
stored during impact process is more influenced by
geometry plates than frequency values.

Study of natural frequencies value is needed
because the response in frequency acts as a complex
amplifier in resonance phenomenon.

The modal analysis presented in this paper allows
controlling the shape in order to diminish the noise on
the board in according with ship design rules.

2. EXPERIMENT

Modal analysis is the study of the dynamic
properties of structures under vibrational excitation. In
our study it was done with, one excitation point, the
response being measured at 16 other points. Two models
with different geometry and the same thickness, g=3
mm, as presented in Figure 5, are used. Two tests have
been done for each model.

12,84

Y 2 v B
o o~
A
1
0 L X o X

Figure 5 Axial sections of the models, land 2
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Modal analysis needs information both excitation
and the responses. These experimental data are obtained
during experiment made on the stand shown in Figure 6.
It contains: models of steel mounted in a rigid support,
an iron ball, and equipment to measure excitations and
responses data. An accelerometer is used at the iron ball
launching to determine the excitation.

Figure 6 Aramis HS GOM Equipment [2]

The force of impact was 1950 N and the dynamic
responses are picked by Aramis HS GOM equipment,
during 1.6 seconds on 800 stages.

The experimental data given by Aramis HS GOM
equipment are used in Matlab9 programming soft to
process data for calculating natural frequency values.

3. RESULTS AND DISCUSSION

The displacements of the analysed points are
presented, as a dynamic response, in Figure 7, Figure 8,
Figure 9 and Figure 10. Only data, for a period of 1.024
seconds corresponding to 512 stages (2°), are used for
getting natural frequency values. The first and the
second natural frequencies are observed in Figure 11 and
Figure 13 for each model and test.

Dispicemnent I [rmm)
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Figure 7 Dynamic response of the model 1structure
test 1
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Figure 8 Dynamic response of the model 2 structure
test 1
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Figure 9 Dynamic response of the model 1 structure
test 2
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Figure 10 Dynamic response of the model 2 structure
test 2
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Figure 11 Compared analysis of dynamic response of the

model’s structures, test 1

For better visualization detailed views are given in
Figure 12 and Figure 14.
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i
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Figure 12 Compared analysis of dynamic response of the
model’s structures, test 1-detail

In all diagrams frequencies and magnitudes are
presented on X-axis, respectively Y-axis. The
magnitudes are calculated as a modulus of Fourier
function transform, FFT, and give a measure of signal
frequencies content.
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Figure 13 Compared analysis of dynamic response
of the model’s structures, test 2

Figure 14 Compared analysis of dynamic response
of the model’s structures, test 2-detail

It is observed that in the both experiments the
natural frequencies of model 2 are greater than
frequencies corresponding to model 1, for each test. In
Table 2 the frequency ratio is proportional with area
ratio.

Considering experimental data as displacements of
an elastic linear system [6] was calculated strain energy
stored during impact process for the impact point on
both models during test 2. The ratio of energy E,/ E; is
0.4933. A small decreasing of curvature has an influence
on diminishing the strain energy stored during impact
process. In order to keep small deformations and high
frequency stiff structure are generally wanted. If the
same structure is intended to resist accidental actions a
more ductile design with high-energy dissipation
capability may be preferable [1].

Table 2 The influence of curvature perturbation
on the structure response

Test Az/ Al A 2/ A 1 d2 /dl AB/ g f2 /fl
(8] [8] (2]
1 1.045 2.202855 | 0.798 | 4.28 | 1.064
2 1.045 1.882789 | 0.842 | 4.28 | 1.032
4. CONCLUSIONS

Decreasing of curvature has a ,,positive” influnce
on vibration mode by increasing natural frequency
values. Generally, motor ships have small angular
resonant frequencies, the resonance phenomenon being
possible only for motors with great ones.

The results of the tests show that diminishing the
flexibility structure decrease the strain energy stored
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during an impact loads with respect to avoid resonance
phenomenon.

It is observed that designing the optimal shape
claims multicriterial perspecive that have to be solved in
future works.
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RESEARCH REGARDING THE CAVITATION EROSION RESISTANCE OF THE
STAINLESS STEEL WITH 13% Cr AND 4% Ni USED TO MANUFACTURE THE
COMPONENTS OF KAPLAN, FRANCIS AND PELTON HYDRAULIC TURBINES

'NEDELONI MARIAN-DUMITRU, *NEDELCU DORIAN, *CAMPIAN VIOREL-CONSTANTIN,
*CHIRUS DANIEL, ’AVASILOAIE RAOUL-CRISTIAN,* DANUT FLOREA

1,2,3,4,5,6 .. . . . .
., Eftimie Murgu” University of Resita, Romania

ABSTRACT

The paper presents the experimental results on testing the cavitation erosion resistance of 2 batch types of the
X3CrNil3-4 martensitic stainless steel used to manufacture the components of hydraulic turbines. The experimental
research was performed through the stationary specimen method on the cavitation stand of CCHAPT research center
from ,,Eftimie Murgu” University of Resita. The experimental obtained results are shown in tables and graphs regarding
the reproduction of the mass loss and cavitation erosion rate function of time curves.

Keywords: cavitation erosion, martensitic stainless steel, micro-/macrostructure.

1. INTRODUCTION

The hydraulic turbines of the hydropower plant
structure, are working in the so-called admissible
cavitation [1].

Cavitation is a physical phenomenon that occurs
inside the liquid while moving. In time it causes
damages through cavitation of the metallic materials
used to manufacture the hydraulic turbines, pumps or
marine propellers [2].

The most commonly used materials to manufacture
hydraulic turbines are stainless steels, because they have
a good resistance against the cavitation erosion [3, 4, 5].

For the manufacture of Kaplan, Francis and Pelton
hydraulic turbines components (like in Fig. 1) is used
also the martensitic stainless steel with 13% Cr and 4%
Ni for the following [6]:

o guide vanes and runner for Kaplan turbines;

o guide vanes, runner and labyrinth seals for

Francis turbines;
o nozzle and runner for Pelton turbines.

a) Kaplan turbines b) Francis turbines

c) Pelton turbines

Figure 1 Types of hydraulic turbines according with [6]
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The components most affected by cavitation erosion
are the runner blades for Kaplan and Francis turbines
and for the Pelton turbines are the nozzles.

2. THE WORK PROCEDURE
From the runner blades of a hydraulic turbine from
a hydropower plant in Romania, were taken two
different batches of specimens of the X3CrNil3-4
martensitic stainless steel.

The images of the two specimens are shown in
Figure 2, noted as batch number 1 and batch number 2.

ikl ’H‘“‘“WWE
i -

a) Batch number 1: X3CrNil3-4 (1)

b) Batch number 2: X3CrNil3-4 (2)

Figure 2 Images of the specimens

Table 1 shows the chemical composition of the
X3CrNil3-4 martensitic stainless steel specimens.

Table 1. The specimens chemical composition [%]

a) C Si Mn P S
Batch: | 0,07 | 0,41 | 0,56 | 0,027 | 0,014
X3CrNi | Cu Ni Cr Mo Fe
13-4(1) [ 0,16 | 5,17 | 11,15 | 0,35 | 82,08

b) C Si Mn P S
Batch: | 0,06 | 0,43 | 0,42 | 0,015 | 0,009
X3CiNi [ Cu | Ni Cr Mo Fe
13-4(2) | 0,07 | 3,81 | 12,5 | 0,32 | 82,36
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. Frgm the two specimens, two samples were made in Cumulated | Sample Cum. Cavita}tion
cylindrical form of @16 x 10 mm. i eroded erosion
Figure 3 shows the microstructure of the 2 batches tme mass mass rate
100K and 200% s bfore e oo imsgss [y | g | m el | e I
Srapiic op pe- 210 15003.52 | 3.84 4.030
240 15001.11 6.25 4.600
270 14998.92 8.44 4.840
300 14996.27 | 11.09 5.080
330 14993.84 | 13.52 5.010
360 14991.26 16.1 5.030
390 14988.81 18.55 5.280
420 14985.98 | 21.38 5.280
450 14983.53 | 23.83 5.100
480 14980.88 | 26.48 5.180
510 14978.35 | 29.01 5.270
The increase of 200X 540 14975.61 | 31.75 5.160
i ) 570 14973.19 | 34.17 5.300
a) Batch X3CrNil3-4 (1) b) Batch X3CrNil3-4 (2)
600 14970.31 | 37.05 5.440
Figure 3 The microstructure of the batches 630 14967.75 | 3961 3160
The cavitation tests were prepared through the 660 14965.15 | 42.21 5.240
stationary specimen method according to the standards 690 14962.51 | 44.85 5.090
and the total cumulated time for each sample subjected 720 14960.06 4723 5.160
to cav1§at10n erosion was 1980 mmute.s or 18'h0urs. ' 750 1495735 | 5001 3220
This total cumulated time was divided into 36 time
periods of 30 minutes, and after each time period by 780 14954.84 | 52.52 5.300
means of a digital balance, the mass of samples and also 810 14952.05 | 55.31 5.290
the loss of eroded material was measured. 840 14949.55 | 57.81 5.300
3. EXPERIMENTAL RESULTS 870 14946.75 | 60.61 5.290
900 14944.26 63.1 4.970
From the experimental results were drawn the 930 14941.78 | 65.58 5.350
characteristic cavitation process curves, ie the material 960 1493801 68.45 5260
loss and cavitation erosion rate versus time curves with - - -
the help of XIXtrFun.xll module for the derived calculus 990 1493652 | 70.84 5370
which has the dydx (abscissae area - X;, ordered area - 1020 14933.54 | 73.82 5.470
Y, derived abscissa) function [7]. 1050 14931.05 | 76.31 5.240
3.1 Sample X3CrNil3-4 (1) 1080 14928.3 79.06 5.760
Table 2 shows the obtained values for the sample m, [mg] ‘ ‘ /’/
X3CrNil3-4 (1) - batch 1 and figures 4 and 5 shows the & MATERIAL LOSS -~
graphs for eroded mass and cavitation erosion rate versus 0]
time curves. [xecmitsa 1)
Table 2. The values for X3CrNil3-4 (1) 5 tmin]
Cum C 't t‘ ’ L] 200 400 600 800 1000 1200
. avitation
Culgrlﬁ:ted anrzsp Sle eroded erosion Figure 4 Material loss curve for X3CrNil3-4(1)
mass rate 8 Ve gt \ \
ec (MY
t [min] m [mg] mc [mg] Vec [mg/h] . CAVITATION EROSION RATE |
0 15007.36 0 0.000 . / i innanansil
30 15007.16 0.2 0.260 / R e
60 15007 1 026 0 1 20 ’ ’ ‘y=r1E—13x5+4E—10x‘—4E‘—07x3+0.0001x2+ o.ooswx‘ t [min]
90 15007.04 0.32 0.250 ’ 0 200 4(110 stl)o st!m 1000 1200
120 15006.85 0.51 0.770 ) o i )
Figure 5 Cavitation erosion rate curve - X3CrNil3-4(1)
150 15006.27 1.09 1.710
180 15005.14 2.22 2.750
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3.2 Sample X3CrNil3-4 (2)

In Table 3 are presented the obtained values for the
sample X3CrNil3-4 (2) - batch 2.

Table 3. The values for X3CrNil3-4 (2)

Cumulated | Sample Cum. Cavitgtion
time mass eroded erosion
mass rate
t [min] m [mg] m, [mg] | Ve [mg/h]

0 14759.45 0 0.000
30 14759.41 0.04 0.110
60 14759.34 0.11 0.160
90 14759.25 0.2 0.490
120 14758.85 0.6 1.210
150 14758.04 1.41 2.480
180 14756.37 3.08 3.740
210 147543 5.15 4.740
240 14751.63 7.82 5.370
270 14748.93 10.52 5.750
300 14745.88 13.57 5.780
330 14743.15 16.3 5.700
360 14740.18 19.27 5.790
390 14737.36 22.09 5.970
420 14734.21 25.24 6.040
450 14731.32 28.13 5.880
480 14728.33 31.12 5.770
510 14725.55 33.9 5.830
540 14722.5 36.95 6.260
570 14719.29 40.16 6.160
600 14716.34 43.11 6.010
630 14713.28 46.17 5.860
660 14710.48 48.97 5.920
690 14707.36 52.09 5.990
720 14704.49 54.96 6.100
750 14701.26 58.19 6.200
780 14698.29 61.16 6.210
810 14695.05 64.4 6.270
840 14692.02 67.43 6.180
870 14688.87 70.58 6.040
900 14685.98 73.47 6.070
930 14682.8 76.65 6.050
960 14679.93 79.52 5.920
990 14676.88 82.57 5.900
1020 14674.03 85.42 6.070
1050 14670.81 88.64 6.250
1080 14667.78 91.67 5.870

Figures 6 and 7 present the graphs for eroded mass
and cavitation erosion rate versus time curves according
with the values obtained in Table 3.
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80 - MATERIAL LOSS
60 -
40 -

—+— X3CrNi13-4 (2
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Figure 6 Material loss curve for X3CrNil3-4 (2)

8

Ve [mg/h]
6
CAVITATION EROSION RATE

+ X3CrNi13-4 (2)
— Poly. (X3CrNi13-4 (2)

‘y = -1E-13x" + 4E-10x* - 4E-07x" + 0.0001x% + 0.009)(‘

t [min]

0 200 400 600 800 1000 1200
Figure 7 Cavitation erosion rate curve

(experimental and analytical) for X3CrNil3-4 (2)
3.3 Comparative study between the analysed samples
Table 4 shows a comparison between value
obtained for the 2 samples after the tests for the
minimum and maximum eroded mass on period and

cumulated, as well for the cavitation erosion rate.

Table 4. Minimum and maximum obtained value

Batch Value of Value of cavitation
type erqded mass [mg] erosion rate

Period | Cumulated | [mg/min] | [mg/h]

Batch 1| 0.06 0.2 0.0020 0.120

Batch2 | 0.04 0.04 0.0018 0.110
Minimum value

Batch 1| 2.98 79.06 0.0960 5.760

Batch2 | 3.24 91.67 0.1045 6.270
Maximum value

The analytical curves from Figures 5 and 7, were
interpolated resulting the polynomial equation 1 (with
standard deviation R* = 0.9547) and equation 2 (with
standard deviation R* = 0.9528).

Vee =—1-1072 2 +4.1070 . t* —4.107 - £ +

)
+0.0001 -t +0.0031-

Vee =—=1-1077 2 44107 - t* —4.107 - £ +

, @)
+0.0001-t~ +0.009 - t
Figures 8 and 9 present a comparison between the
two batches of the material loss and cavitation erosion
rate versus time curves, where the upper curve is
characteristic for batch 2 and the lower curve is
characteristic for batch 1.
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Figure 8 Comparison between the material loss curves
for X3CrNil3-4 (1) and X3CrNil3-4 (2)
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Figure 9 Comparison between the cavitation erosion rate
curves for X3CrNil3-4 (1) and X3CrNil3-4 (2)

Figure 10 shows images of surfaces of the two
samples before and after the cavitation.

The sample surfaces before the cavitation

The sample surfaces after the cavitation

The acrosture of sample eroedsurfaces
a) Batch X3CrNil3-4 (1) b) Batch X3CrNil3-4 (2)

Figure 10 The surfaces of the samples
before and after the cavitation

4. CONCLUSIONS

The following conclusions can be made:
e both curves according to Figures 8 and 9 are
similary having the same form, since both
samples are from the same X3CrNil3-4 material;

o for the sample 1, the total loss of eroded material
was 79.06 mg and for the sample 2, the total loss
of eroded material was 91.67 mg, which means
that the batch 1 is more resistance than the batch
2, but both batches have a low resistance to the
erosion through cavitation, comparative with
other materials; the cavitation erosion rate
confirm this difference;

o from the sample surfaces images after cavitation,
there is a difference between the 2 batches,
regarding their cavitation resistance, the
difference being due to different proportions of
chemical elements values, such as Mn, Cu, Ni
and Mo in growth, and Cr and Fe decreasing, that
favored cavitation erosion resistance.
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THE TEMPERATURE FIELD OF THE EXHAUST VALVE AT A SLOW SHIP'S ENGINE

OMOCEA ION

Constanta Maritime University, Romania

ABSTRACT

This paper is made to determine the temperature field in the exhaust's valve periodical action of burnt gases and to
the contact with the valve seat.

The exhaust valve of a slow ship's engine with parallel flow ablution is submitted to variable thermal applications,
as during an engine cycle, it heats up from the burning gases and it cools through the contact with the valve seat. The
valve seat gives in at it's turn the heat of the water from the cooling circuit of the engine.

In order to determine the deformations to which the exhaust valve is subjected, deformations that may influence
the tightness of the burning room, it is necessary for us to determine the temperature distribution.

Knowing the temperature distribution, depending on the known parameters, we can determine the thermal state of
the valve in different functioning regimes of the ship's engine.

The equations that describe the temperature field in the valve are the differential non-linear equations with partial
derivative.

Keywords: heat transfer, conductivity, ship, engine, burning room.

1. INTRODUCTION QS

Knowing the temperature distribution, depending
on the known parameters, we can determine the thermal
state of the valve in different functioning regimes of the
ship's engine. The equations that describe the t5.'. Clg
temperature field in the valve are the differential non-
linear equations with partial derivative.

13 __

2. THE SCHEME OF THE HEAT EXCHANGE Sl |
The valve has been split in five areas. i
According to figure 1 the balance equation is. t4 S0, Q 4 !

|
Q+Q, +Q; +Q, +Q5 =0[W] (1)
with: ....té:as Qa \?
To QE : T i
H I
Q= Iatlsl(tg —t1)d’c (W] ) Q,ittttt
0

tg;uE I:1;'11

Figure 1 The scheme of the heat transfer

QZ = IkZSZ(tse _ta)dT [W] (3)
0
T

Qs = fosSs(ty —teeJar (W] “)
0
T

Q4 = ja4s4(tg—tr)dr (W] (5)
0
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Qs =ksSs(t —ta)tg  [W] (6)
where:

o — thermal convection coefficient of the burning
gases at the inferior valve of the cup, [W/m’grd]

S . the inferior valve of heat exchange of the cup,
[’

t, — the temperature of the cylinder gases, [°C]

t; — the temperature of the inferior surface of the
cup, [°C]

7o — the duration of the work cycle, [s]

k, — global coefficient of heat transfer from the
valve's cup to the cooling water, [W/m’grd]

S, — the surface of tightness of the valve, [m?]

t, — the temperature of the tightness surface, [°C]

t, — the temperature of the water from the cylinder
cotter, [°C]

T, — the duration of the valve's closure, [s]

a3 — thermal convection coefficient of the gases at
the drag, [W/m’grd]

S, — the tightness surface of the valve, [m’]

T, — the duration of the valve opening, [s]

o4 — the coefficient of thermal convection of the
gases at the drag, [W/m?grd]

S, — the drag surface, [m’]

t, — the temperature in the area of drag, [°C]

ks — global coefficient of heat transfer from the
valve's plug to the cooling water, [W/m’grd]

Ss5 — the cooling surface of the piston's plug, [m?]

t, - the temperature of the valve's plug, [°C]

3. THE DETERMINATION OF THE HEAT
TRANSFER COEFFICIENTS

The calculation relations used to determine the
coefficients, in the case of the exhaust valve of a slow

ship's engine with parallel flow ablution are:
oy for compression

Nu=55p2° (7

oy for expansion

Nu=335p2%(1+0,027k,) (8)
with

A
ky =— ©)

pw
Ap=ﬂ6nlrosc N (10)

dp 4 m?

Tose 232 s (11

C
¢ =VkRT (12)
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where:

A, — pressure amplitude corresponding to 1/4 from
the period of oscillation of the gases from the
cylinder

Tose - the period of oscillation of the pressure of the
gases from the cylinder

D — the cylinder's diameter

¢ — the speed of sound

k, — is determined with the proportion:

kzzdﬂ( L1 deen
act(r)dtl 2hen  dy

with:

(13)
-1
1 J w
+ 2
OLadech m~grd

lg Nu :nlgp—¢+lgc (14)

GC

(V)
Nug = ——* (15)

7\'%

where:

o (1) — coefficient of heat transfer at the contact
between the valve and the cylinder cover,
[W/m’grd]

Py — the contact pressure of the valve, [N/m?]

A — the thermal conductivity coefficient at the
contact between the valve and the cylinder cover,
[W/m grd]

o, — the flow limit of the material, [N/m’]

A, — the coefficient of thermal conductivity of the
gas between the cup and the valve's seat, [W/m grd]
d, — the thickness of the layer of gas, [m]

o, — convection coefficient of the cooling water
from the cylinder cover, [W/m” grd]

o3 and o4 are being determined with the criterial
proportion:

Nu = 0,0377Re*® prO43 (16)
w,d
Re = —gv cch (17)

where:

w, — the speed of the exhaust gases

decn — the equivalent diameter

v— kinematic tack

ks — is being determined with the proportion:
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k5={de[ ! + ! lnd—°+ !

+
atgdl 27\,g d] (chde
(18)
-1
d
+ ! In—% + ! J ;N
20y e Ogd, m?grd
with
A w
g = | — (19)
A m~grd
2Ny A
Oge =ity p Phm yg4 | W | o)
hl +h2 3cclg ngrd
— 2N A
Ami +Age | merd
where:

d; — the exponent's inner diameter, [m]

d. — the exponent's outer diameter, [m]

o, — the heat's transfer coefficient at the contact
between the plug and the exponent, [W/ngrd]

A, — the thermal conductivity coefficient of the
exponent valve, [W/m grd]

oo — the coefficient of heat transfer from the
exponent to the cylinder cover, [W/mgrd]
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Ay — the coefficient of thermal conductivity of the
oil, [W/m grd]

o, — the thermal convection coefficient of the water
in the area of the exponent, [W/m’grd]

A — the radial game plug-exponent, [m]

h; — the highs of the exponent's asperities, [m]

h, — the highs of the cylinder cover asperities, [m]

1, — the length of the valve exponent, [m]

Ami — the thermal conductivity coefficient of the
exponent's material, [W/m grd]

Amp — the thermal conductivity coefficient of the
material of the cylinder cover, [W/m grd]

CONCLUSIONS

Thus knowing the manner of heat transfer and the
temperatures of the parts, we can determine the
deflections that occur in the valve.

With these deflections we can evaluate the
functioning regime at which the leakiness of the burning
room may appear.
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THE MODELING OF THE CYCLE OF THE COMPRESSION IGNITION ENGINE ON
THE GROUNDS OF THE EXERGETIC METHOD OF THERMODYNAMIC ANALISYS

OMOCEA ION

Constanta Maritime University, Romania

ABSTRACT

The actual development stage of the know how has imposed the necessity to use new methods of investigation to
determine with a higher accuracy the factors that lead to the optimal solutions. In this context, the actual text is dealing
with the study of the cycle of functioning of an engine on the ground of thermodynamic analysis of the causes, things,
gravities, and effects of the functional processes irreversibility, in particular, of the compression ignition engine.

Keywords: engine, compression, irreversibility, processes, exergy.

1. INTRODUCTION

The actual development stage of the know how,
characterized among others through the tendency to
realize equipments with better and better performances
that can be exploited in optimal conditions, has imposed
the necessity to use new methods of investigation and of
calculation, to determine with a higher accuracy the
factors that lead to the optimal solutions.

In this context, the actual text is dealing with the
study of the cycle of functioning of an engine on the
ground of thermodynamic analysis of the causes, things,
gravities, and effects of the functional processes

irreversibility, in particular, of the compression ignition
engine.

2. THE ACCAUNT OF THE LOSSES CAUZED
BY THE IREVESIBILITY OF THE FUNCTIONAL
PROCESSES OF THE COMPRESSION IGNITION
ENGINE

In order to specify this account one uses the
representation in diagram T — s of the evolution of a kilo
of thermal agent through the Diesel engine cylinder as
shown in figure 1.

1e=p_-:u'ﬁpe
P

]
(3.4

o . pn=pn+ﬂpn
L \m P N T
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Figure 1 Representation of the Diesel engine cycle in the T — S coordinates
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The represented processes, some conventionally, in
this diagram are the following:

- lamination O — a' of the air at the passage through the
section of the inlet valve in which the pressure
diminishes from pg to p, = po— Apa;

- the heating a' — a determined, mainly, by the
influence of residual gases burnt with state r';

- compression a — ¢ from p, to p, in which the enthalpy
of the fresh load diminishes, as follows from the heat
concession Q. towards the cylinder's walls thus
n.<k;

- the isochore heating ¢ — y fallowed by the isobar one
y — z that define the visible burning; in the post-
burning process z — u considered isothermal meaning
Tu=T, = Tmax pressure diminishes to p, = Prax t0 Pu;

- the detente u — d is accompanied by the enthalpy’s
diminishing, as a consequence of heat concession
Qpa< Q; towards the cylinder's walls thus n', > k,;

- the combining of the processes z — u and u — d leads
to global detente characterized through ng < ky as the
heat received by the burning products is Q4 = Q—Qpq;

- during the burning process ¢ —y — z — u, a part of the
heat developed through the burning of fuel Qg is
evacuated through the walls of the burning room Q,;,
towards the cooling liquid;

- free evacuation d — d' from pyg to p. = po + Ap.
theoretically considered adiabatic reversible in the
cylinder but irreversible d — ¢' in the evacuation
conduct; after the forced evacuation, through the
mixing of the two quantities of gases of different
temperatures state c" comes out, having temperature
T.. After lamination e" — e at the passage of the
burning products through the section of the exhaust
valve pressure diminishes from p. to po the
temperature of these produces considered perfect
gases is remaining constant;

- in the expansion process r(d') — r' considered
reversible the gases temperature decreases from
T4=T, up to T,; through combining state r' of the
gases with state a' a of the air after lamination the
state a a of the fresh load comes up.

The analysis that has been undertaken has as base a
simplifying hypothesis that is that according to which the
development of the inlet and exhaust processes takes
place in adiabatic but irreversible conditions.

The hypothesis is justified through the followed
purpose that is the one to allow a simpler calculation of
the entropy's production caused by the irre