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APPLICATION OF POWERINT IP EXPERT SOFTWARE IN SHIP LED
LIGHTING SYSTEMS DESIGN

'BOHOS APRAHAMIAN, “BORISLAV DIMITROV, *LYUBOMIR DANKOV

L2Technical University,Varna, Bulgaria, *Nikola Vaptsarov Naval Academy;,
Varna, Bulgaria

The LED technology is applicable for the ships' navigation and signalling lights, including
sidelights, stern light, anchor light, manoeuvring lights and warning signals, ensuring high-
reliability, low-maintenance and reduced electrical-load-power requirements, resulting in low
through-life costs. The lights meet the Colregs (International Regulations for Preventing
Collisions at Sea), which means they are suitable for night operations.

Our paper analyzes the application of Powerint IP Expert software in the design of ship
lighting systems with LEDs.

Keywords: LED, ship lights, Powerint IP Expert software

1. INTRODUCTION

The application of LED light sources in the ships is significantly limited due the
established traditions, especially in the systems for general lighting. The rapid penetration of
these sources in the 90th years in the control and signalization systems was followed by long
periods of stagnation. When we consider the development of these sources and their
growing use in different applications in coastal conditions we can conclude that there is wide
scope for their deployment on ships.

Marine lighting consumes a large part of the electricity of the ship and is regulated by the
International Convention for the Safety of Life at Sea (SOLAS) [1] and the requirements of
the marine classification_societies. According to these requirements, the lighting of the ship
is divided into normal, emergency, temporary, signalling and navigation lights, floodlights for
search and rescue and others. The normal lighting should provide a sufficient number of
lightings for providing good level of illumination for all parts of the ship.

According to Bulgarian Register of Shipping a sufficient number of lighting fixtures shall
be provided to achieve a good level of illumination [2]. It is powered by the main sources of
electricity and illuminate all areas accessible to passengers and crew.

The main sources of energy are with enough power, allowing installation of all types of
lighting. This lighting for the most part is supplied with a voltage of 220 V. As light sources
are mainly used fluorescent lamps with an efficiency of 60 Lm/W (lumens per watt), which
replace traditional incandescent bulbs in almost newly built ships.
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For areas where there are bare rotating parts is required to implement measures to
prevent stroboscopic effect such as the combination of fluorescent lamps with incandescent
bulbs or LEDs. For some tankers and ships built in the U.S. and Japan the grid in residential
areas and the main lighting is with a voltage of 110 V.

The lighting of open decks, holds and other spacious premises the use of floodlights with
discharge lamps. The discharge lighting lamps are powered also with 220 V although
starting them may need a higher voltage. All transformers and actuators on the requirement
of classification societies must remain sealed in the lamp shell. These light sources have a
large light efficiency - 100-180 Lm/W, but distort color light.

To illuminate the wet areas like bathrooms, the Bulgarian Register of Shipping [2] has
special requirements, such as the most dangerous part of the area requires the safe low
voltage up to 12 V (Safety Extralow Voltage - SELV) — Figure 1.

The application of LED light sources may be of greater efficiency in emergency lighting,
and especially in emergency lighting powered by rechargeable batteries.

The emergency source of electrical power should provide power for emergency lighting
for 36 hours on passenger ships and 18 hours on merchant ships (rules 42 and 43 of
SOLAS). If this source is a generator powered by internal combustion engines, it should run
automatically and takes 45 seconds to load. When his starting is with a longer duration it is
necessary to have transitional source - rechargeable battery that provides power for
emergency lighting for half an hour.

Rule 42-1 of SOLAS requires additional emergency lighting for Ro-Ro passenger ships such
as all passenger public spaces and corridors must be secured with additional electric
lighting, which can run at least three hours when all other sources of energy are damaged
and in heel. The insured lighting must be such that access to evacuation routes should be
clearly visible.

with fixed partition reduced area 2

-- - -~ -~ r }'/ _________ Tt T s T TS s s s s s s s s e A -7
s ] !
b | 1 1
| Area1 ' Area2 ' Area3 | outside of
i : ! ,areas 0 -3
-Lighting | - Lighting J' - Lighting fixtures IP 34 ]
fixtures | fixtures . - Switches built-in in lighting i = Lighting fixtures IP 34
IP 55 , P34 ) N fixtures _ I - Switches
and 1 and Dm&ecllon + - Socket outlets IP 55 with: I socket outlets IP 55
SELVT1) 1 class 1<) 1 isolating transformers, ' - Heating equipment IP 44
' i or protegtion low voltage, E '
: ! or RCD 3) max. 30 mA w
o Area 0 : - Heating equipment IP 44 g ,
| . .
(B Shower- or 1
| bathing tube '
x ] !
1 1
1
1
1
[}

A . 1
240m

=}
o 8
=]
El

T —
1) SELV = Safety extra-low voitag max. 12 V
2) Protection class Il = Protective insulation
3) RCD = Residual current protective device

Fig. 1 llustration of the special requirements of the Bulgarian Register of Shipping
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The power sources for additional lighting should include rechargeable batteries located
in the lighting shells that should be constantly charged, as far as possible from the
emergency switchboard. Additional electric lighting should be such that any failure of a lamp
to be immediately detected.

According to the Lloyd's Register of Shipping the electrical power available is to be
sufficient to supply all those services that are essential for safety in an emergency, due
regard being paid to such services as may have to be operated simultaneously. The
emergency source of electrical power may be either a generator or an accumulator battery
[3].

The need of high power supply for emergency purposes requires the use of batteries in
parallel. Damage to a single battery, thus the connection shows a major fault, that all parallel
to it began to be diluted.

Another disadvantage of the supply from batteries is the reduce of the supplied voltage
as SOLAS and the registry organizations provide this reduction to be up t012%. LED
sources are supplied with low voltage and are much less dependent on its variation. This in
emergency lighting is their main advantage over fluorescent lamps.

At present there are emergency lights with fluorescent lamps which have rectifier, battery
and inverter (transverter) in case of dropout voltage, but the use of LED would increase their
effectiveness. The incandescent lamps are about 6 times less efficient than LED, which
requires the use of larger batteries. They are strongly influenced by voltage change and
reduce it by 12% will lead to a 40% reduction in radiation flux. LED sources are used for
illumination of escape routes, the so called Low Location Lighting (LLL).

Under regulations 11-2/28 and 11-2/41-2 of the 1974 SOLAS Convention, the means of
escape, including stairways and exits, must be marked by a low location lighting system at
all points along the escape route. Additionally, Regulation 11-2/20.2 requires all ships to be
provided with fire control plans and these should be permanently stowed in a prominently
marked weather tight enclosure and use symbols in accordance with Regulation A.654.

In recent years a very effective photoluminescence materials were developed allowing to
fully meet the requirements of the classification societies, which constitute the main
competitor of the LED [4]. Another use for LED may be the spotlights for search and rescue
mounted on the bridge, on the lifeboat deck and on the lifeboats — Figure 2.

According to the recent reports of U.S. Defense Advanced Research Projects Agency
(DARPA) under the HEDLight (High Efficiency Distributed Lighting) program, U.S. Navy
ships could save 87 percent of the electricity used on existing lighting systems by converting
to LED and HID lighting systems [5]. The savings would add up over the long-term. When an
aircraft carrier goes out on deployment, on average, every single one of its 18,000-some
light bulbs will need to be replaced.

According to DARPA, HEDLight remote source lighting relies on centralized light generation,
optically transporting the light where it's needed. The system allows the lighting system
electrical circuitry and wiring to be concentrated, protected, and removed to the interior of the
warship. The highly efficient metal halide high intensity discharge (HID) and light emitting
diode (LED) lights are coupled to large core plastic optical fiber.

11
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Fig. 2 ReitTech LED floodlight on ship

2. HELD EXPERIMENTS

The paper analyzes the application of software IP Expert [6] in the design of marine
lighting systems with LEDs. The products of the same manufacturer (Powerint) are oriented
to power sources and our aim was to examine their application in the shipping problems.

The experimental studies were carried out by the reconstruction of the lighting system of
the ship, consisting in replacing incandescent lamps with LED matrix.

Several circuit solutions have been implemented through each of the technologies
offered by Powerint - DPA, LinkSwitch, PeakSwitch, TinySwitch and TOPSwitch [6], using
the generated by IP Expert topography of the scheme:

e Figure 3. AC-DC converter implemented with a series DPA426PN.~ DPA422PN.
The scheme is designed to operate with input voltages in the range 85+265V, which
should ensure a wide margin of variation of voltage. Experimental studies have been
made using LED matrix arrays for illumination of passageways, stairways, traps, etc.

e Figure 4. AC-DC converter implemented with a series LNK364PN.+ LNK362PN.
The source consists of multiple output power supply LED matrix arrays for
illumination and signaling.

e Figure 5. DC-DC converter implemented with a series TOP261YN.+ TOP254YN.
Experiments were conducted in powering LED lights from rechargeable batteries.

12
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Fig. 4 AC-DC converter with two outputs, realized with LNK364PN
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Fig. 5 DC-DC converter, realized with DPA424PN

The results of experimental studies can be summarized as follows

Figure 6. Efficiency ratio n and output current lo [A] at different input voltages Ui [V]
AC: 1-Ui=85V; 2-Ui=220V; 3-Ui=250V. In this case the nominal current of the
scheme is 1A. The study shows that the efficiency is stable in the range 50+100%
load.

Figure 7. Correlation between output power Po [W] and the input voltage Ui [V] AC,
at different input power: Pi[W]: 1-Pi[W]=4W, 2—Pi[W]=3W,; 3—Pi[W]=2W. The graphs
show that the schemes of Powerint have stable work under a wide range of supply
voltages.

Figure 8. Temperature as a function of input voltage: 1 - TOP243P; 2 - transformer,
3 - output capacitor, 4 - ambient temperature. Temperature tests are averaged for
the testing of several schemes solutions. They were made at maximum
temperatures of 40°C and display the extreme limit values.

Figure 9. Pattern of the output current depending on input voltage: 1-matrix with 110
LED; 2 - matrix of 130 LED. The experiment was made with an output current up to
3.5 A, powering LED matrix arrays with 110 and 130 LEDs and rated current of 20
mA.
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Fig. 6 Efficiency ratio n7and output current lo [A] at different input voltages Ui [V]
AC:1-Ui=85V; 2-Ui=220V; 3-Ui=250V
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Fig. 8 Temperature as a function of input voltage: 1 - TOP243P; 2 - transformer,
3 - output capacitor, 4 - ambient temperature
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Fig. 9 Pattern of the output current depending on input voltage: 1-matrix with 110
LEDs; 2 - matrix of 130 LEDs

3. CONCLUSIONS
From the research can be deduced the following important conclusions:

« Powerint surveyed controllers are applicable to developing circuit solutions for ship
lighting.

e The schemes provide an opportunity to supply a wide range of input voltages and
stability of baseline characteristics. This is achieved by the introduced optical
feedback.

« |P Expert software provides topography of the scheme directly applicable to the
research problems and does not require any modification.
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IMPROVEMENT OF THE CONTACT RIVETS DURABILITY OF SHIPS’
ELECTRICAL APPARATUS BY USE OF MULTILAYER TITANIUM
NITRIDE COATINGS

'BOHOS APRAHAMIAN, 2ALEXANDER GAYDARDZIEV

L2Technical University, Varna, Bulgaria

Requirements to the materials for electrical contacts are increased due to high loads and high
operating temperatures. Often conventional single-layer coatings of electrical contacts can not
meet these requirements. Using multilayer coatings allows the requirements to the contacts to
be complied and also to control structure (internal stresses and elastic behavior of the
material), and therefore to control the properties of coatings. Particularly hard, wearing and
corrosion resistant are coatings of titanium nitride TiN type.

By simultaneous and coherent operation of two types of plasmatrons — Electric Arc
Plasmatron (ARC) and magnetron (MS - Magnetron Sputtering) we have experimented the
following three types of coatings on electrical contacts of contactor K6E: Monolayer coating of
titanium Ti; Double layer coating of titanium - titanium nitride, Ti/TiN; Triple layer coating of
titanium-titanium nitride-titanium Ti/TiN/Ti.

Coating is done in combination of the following factors: thickness of the coating and
composition of the gas environment in the vacuum chamber, in which they are implemented
and tested 10 different modes of coating.

It has been observed that modification of the interface by the formation of the surface layer
can lead to increase of the electrical contact durability

Keywords: multilayer coatings, contact rivets of electrical apparatus

1. INTRODUCTION

Electrical contacts are used in a large number of industrial applications, this includes all
sorts of modern transportation including ships. Mechanical assemblies are subjected to
vibrations and micro-displacements between mating surfaces are observed leading to
fretting wear. Mechanical degradation can additionally be accelerated by a corrosive factor
caused by variable humidity, temperature and corrosive gas attack. Fretting-corrosion leads
to an increase of contact resistance or intermittent contact resistance faults as corrosion
products change the nature of the interface primary through a range of film formation
processes.

Electrical contact terminals used in the electrical apparatus must be good electrical
conductors, highly reliable under repeated use, and at the same time be resistant to
corrosion or oxidation. Traditionally the contact bodies of the electrical contacts are made
from pure metals, metal alloys and ceramics [1]. Often the contact bodies are silver plated.
Silver has high electrical and thermal conductivity, but lower hardness and wear resistance.
A disadvantage of known contact bodies of electrical contacts is their low electrical and
mechanical ruggedness.

17
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On the other hand in recent years endurance coatings of the type (Ti,Me)N and (Ti,Me)C
pass from single layer to multilayer. Moreover, their characteristics, such as hardness and
corrosion resistance are increasing [2],[3],[4]. Interesting are nano-structured coatings with
thickness 2-10 nm and the so-called superlattices.

Multilayer nanostructured coating with thickness of the individual layer in the range of
lattice sizes - from 2 to 5 nm is considered to be completely new material called superlattice
[5]. These are nanocrystalline materials with grain size about 10 nm and completely new
properties. Coatings of carbide and nitride superlattices are superhard materials with radical
changes in both electrical and thermal and mechanical properties. By varying the thickness
of the layers of the superlattices, their number and the materials used we can consciously
modify the properties of the obtained materials.

Nanostructured coatings consist of at least two phases, most often a crystal and an
amorphous. Physical and performance properties of the working surfaces can be secured by
deposition of coatings for improving hardness, wear resistance, electrical conductivity,
etc.[6],[7],[8],[9],[10],[11].

To obtain a coating with desired properties major role have the method and the
parameters of the deposition of the coating. They define the structure and the properties,
and the relation coating - pad. For application of nitride and carbide coatings on titanium and
chrome base the most promising appear to be electric arc and magnetron source of vapor.

The purpose of this paper is to adopt the technology and the application of single layer
and multilayer coatings of titanium nitride with electric arc evaporator and magnetron source
of vapor on contact bodies of electrical contacts, thereby creating a contact rivet body with
increased rigidity and durability in high electrical and thermal conductivity.

2. HELD EXPERIMENTS

Experiments were held in a vacuum system facility at the University of Rousse "A.
Kanchev”. The facility provides vacuum to approximately 2.10° Pa. General view of the
magnetron and arc evaporation engine, which were performed the experiments is shown in
Fig. 1.

*.”!

Fig. 1 General view of the engine, used for the deposition of Ti/TiN nanostructured
coatings on rivets of electrical contacts

18
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Scheme of the working chamber is shown in Figure 2. The engine for coating is
composed of magnetron source of vapor 1 arc evaporator 2 stand 4 which have different
configurations depending on the experiment. Samples 3 are hung on the stand.

\

N SN SN
i s 2

s 7T s

Fig. 2 Scheme of the working chamber of the engine for coating.
1 - magnetron source of vapor, 2 - arc evaporator, 3 — experimental samples, 4 - stand

The contact body made of pure metal in a vacuum chamber is coated with
nanostructured multilayer coating by arc evaporation and magnetron sputtering in a
combination of both methods. The aim is to achieve a high microhardness of the surface of
the contact body, due to the specific physical properties of the nanostructured layers.
Practical aggravation of electrical and thermal conductivity can be ignored due to the
negligible thickness of the coating.

The following three types of coatings were deposited on electrical rivets of contactor
KG6E:

» Monolayer coating of titanium Ti;

» Double layer coating of titanium nitride, titanium Ti/TiN;

* Triple-layer coating of titanium-titanium nitride-titanium Ti/TiN/Ti.

Coating is done by combining the following factors:

» Total thickness of the coating, with two levels: 100 nanometers and 200 nanometers;

» Composition of the gas environment in the chamber, with three levels: pure argon Ar,

pure nitrogen N, and mixture of 50% nitrogen N, and 50% argon Ar.

Ten different regimes of deposition were experimented - Table 1.

Fig. 3 presents a partial section of the contact body of the contactor K6E. According to
the figure on the conductive plate 1 of the contact is attached the contact body 2 of solid
material - an alloy of silver. In a vacuum chamber by arc evaporation on the contact body 2
was deposited a triple layer of nanostructured coating 3 of Ti/TiN/Ti. The deposition of layers
of Ti was carried out in inert gas Ar and the deposition of TiN layer in an environment of N..
The thickness of each layer is up to 100 nanometers and selected in accordance with the
desired microhardness on the surface of the contact body.

Fig. 4 presents a general view of electrical contact with deposited nanostructured
multilayer coating on the contact body.
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Table 1: Basic parameters of the implemented regimes of deposition of Ti/TiN

nanostructured coatings on contact rivets

Composition of the gas | Total thickness of
Regimes Types of coatings environment in the the coating,
chamber nm
Regime 1 Ti Ti-100% Ar 123
Regime 2 Ti Ti-100% Ar 252
Regime 3 Ti/TiN Ti-100% Ar, 110
TiN-50% Ar +50% N,
Regime 4 Ti/TiN Ti-100% Ar, 202
TiN-50% Ar +50% N,
Regime 5 Ti/TiN Ti-100% Ar, 118
TiN-100% N,
Regime 6 Ti/TIN Ti-100% Ar, 212
TiN-100% N,
Regime 7 Ti/TiIN/Ti Ti-100% Ar, 124
TiN-50% Ar +50% N,
Ti-100% Ar
Regime 8 TiI/TIN/Ti Ti-100% Ar, 222
TiN-50% Ar +50% N,
Ti-100% Ar
Regime 9 TiI/TIN/TI Ti-100% Ar, 122
TiN-100% No,
Ti-100% Ar
Regime 10 Ti/TIN/Ti Ti-100% Ar, 210
TiN-100% N,
Ti-100% Ar

The durability tests are conducted in the laboratory facilities at the Technical University
of Varna. Laboratory setting and methodology for experimental investigation of the durability
of the contact bodies of electrical apparatus are developed. The methodology is in

accordance with the standarts BS EN 60947-4 and IEC 60947-4-1:2009.

Fig. 3 Partial section of the contact body of the contactor K6E. 1 - conductive
plate, 2 - contact body of solid material - an alloy of silver, 3 - triple layer of
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Fig. 4 General view of electrical contact with nanostructured multilayer coating
on the contact body. 1 - conductive plate, 2,3 - contact body with the
nanostructured coating

To perform the required number of switching cycles the scheme shown in Fig. 5 is used,
and the contactor’s rated values of current and voltage are applied.

K;KﬁE
P |
.J A -~
~380V
L1 a B O
+ C wil
| ! ' 12 -
1_3 R 1 S
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L

Fig. 5 Durability testing scheme and wiring diagram.

The control of the contactor’s testing regime is made using computer software and
special control device through computer LPT port.

To measure the weight of the contacts before and after the set number of commutations
highly accurate analytical balance with accuracy of 0.0001 grams is used.

The test results are shown in Table 2 and graphically in Figs. 6, 7 and 8.
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Fig. 6 Wear of contact bodies with deposited Ti coatings, normalized to the wear of

non-coated contact bodies
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Fig. 7 Wear of contact bodies with deposited Ti/TiN coatings, normalized to the wear

of non-coated contact bodies
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Fig. 8 Wear of contact bodies with deposited Ti/TiN/Ti coatings, normalized to the

wear of non-coated contact bodies

The designations in Figs. 6, 7 and 8 correspond to the regimes of deposition of coatings

listed in Table 2.

The "0" means the wear of non-coated contact bodies.

The results in Table 2 are normalized to the wear of non-coated contact bodies.

Table 2: Durability testing results

Change of the weight of the contacts

Regimes after the following number of

switching cycles in grams
0 1000 2000

0 0 0.001067 0.001733
Regime 1 0 0.000500 -0.000433
Regime 2 0 0.004233 0.007500
Regime 3 0 -0.000367 0.000100
Regime 4 0 -0.000800 -0.001133
Regime 5 0 -0.000267 0.000100
Regime 6 0 0.000133 0.000833
Regime 7 0 0.000400 0.000800
Regime 8 0 -0.000733 -0.000500
Regime 9 0 -0.000833 -0.000500
Regime 10 0 -0.000800 -0.000400

The wear of each regime is normalized as resulting from the wear of the corresponding
regime the wear of the non-coated contact is subtracted.

Minus sigh means that the wear is less than that of the non-coated contact body.

In experiments to obtain more reliable data specially developed procedure involving the
reporting of the environmental parameters, such as temperature and humidity is applied, and

23



JOURNAL OF MARINE TECHNOLOGY AND ENVIRONMENT

reference standartized weight (in the range of the contact body weight) before each weighing
is used.

3. CONCLUSIONS

1. New technology is adopted for deposition of monolayer and multilayer coatings of
titanium nitride with electric evaporator and magnetron source of vapor on contact bodies of
electrical apparatus.

2. The resulting contact bodies can be applied as a direct substitute for conventional
contact bodies of electrical contacts in electrical apparatus.

3. Special methodology is developed and a laboratory stand testing the electrical and the
mechanical endurance of the received contacts of electrical apparatus is established and the
test results will be presented in a separate article by the authors.

4. Special methodology is developed and a laboratory stand recording with digital
oscilloscope the burning of the electric arc in switching contacts of electric apparatus is
established and the test results will be presented in a separate article by the authors.

5. The resulting contact rivets of electrical apparatus are claimed as a patent for utility
model at the Patent Office of Bulgaria- Patent reg. Ne 1879/4.11.2010 - BG.

From the durability tests can be conducted the following conclusions:

1. The pure Ti coating deteriorates the wear resistance of the contact bodies for any
given thickness of the coating and the ambient gas in the chamber for coating. It is therefore
not appropriate to use.

2. Superlattices of double layer and three-layer nanostructured coatings of Ti/TiN and
TiI/TIN/Ti significantly improve the durability of the contact bodies of electrical contacts. Best
results are achieved in atmosphere in the chamber for coating Ti-100% Ar, TiN-50% Ar
+50% N2.

3. Experiments with nanostructured coatings with a greater number of layers in the
superlattice are sheduled.
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GENERATION OF PSEUDORANDOM NUMBERS WITH VERY LONG
PERIOD BASED ON FAREY SEQUENCES

'BOZHIDAR DOYNOV, 2CHAVDAR ALEXANDROV
Technical University of Varna, Bulgaria, °N. Vaptsarov Naval Academy, Bulgaria

A theoretical and experimental investigation of a generator of pseudorandome sequences is
described in this paper. The generator consists of shift registers with linear feedback. A
number of statistical tests have been used to invastigate the features of this new generator
structure.

Keywords: Linear Feedback Shift Register LFSR, Statistical tests, Microcontroller, FPGA

1. INTRODUCTION

The intensive use of pseudo-random sequences occurs in modern radar [1, 7],
navigational aids [6], cryptography [3] and telecommunications [4], but also in sonar
systems, geophysics, ect. Hardware for implementation of pseudo-random generators (PN,
RNG, PNRG) produces most often sequences with uniform law of distribution. The basic
element used in such devices utilises a module, which generates random noise, for example
radiotube. This type of devices has a serious problem-how to maintain stable operation.

An alternative solution is to use software PN, in particular those, consisted of shift
registers with feedbacks (Linear Feedback Shift Register, LFSR). Because of their simplicity
they have wider applications [3, 7], but they also have their shortcomings [3]. The aim of this
paper is to investigate the possibility of improving the quality of PN by combining the LFSR
with external sources of sequences, thereby seeking to suppress the utmost shortcomings of
LFSR. Achieving the goal would make possible a practical realization of generator, which
could be experimented in radar systems with continuous transmission, telecommunications,
sonars and cryptographic applications.

To achieve this goal the idea of Klapper and Goresky [3] will be modified where an
external sequence will be used instead of the memory cell. Using this approach and having
in mind the statistical independence of the external bit sequense and the register sequence
we seek greater accident of the output bit stream. One of the most appropriate sequences
that can be used in this case is Farey fractions (numbers).

2. CHARACTERISTICS OF FAREY NUMBERS

Sequence of Farey F, of order n is a set of irreducible corrected rational fractions a / b,
belonging to the interval [0, 1], and order of growth [9, 10].
Table 1 shows Faray sequences of order 1 to 8.
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Table 1

Fo={% "}

Fo={h, 7. 71}

Fa={%, %, Y2, %3, 71}

Fo={%, Y, Vs, %o, 73, Ya, 71}

Fs = {%, 75, 7a, Y3, 75, Yo, Yo, 70 Y V5, 71}

Fo = {%, Y%, 75, 7a, 73, 75, Vo, Vo, 73, Yar Vs, s, 71}

Fr={%, Y%, Y%, 75, Ya, %0s Vs T, Y0, Yo, Vo, s, Yoy Yo Vi V1 Yoo Y, Y1}

Fo = Yo, Vo You Yo, Yo 1 Yo s Yo s Vo 1, Yo, Yo s T s Vs Yo Yo s Vi

Length of Faray sequences of order n tends asymptotically to [9, 10] :

3.n?
F. |l=——
| n| ”2

It is obviouse that || - o, when n - e . Here we will not dwell on generating of Farey

sequences of order n. Some mathematical software tools like Wolfram MATHEMATICA can
generate Farey numbers of desirable order, and we will use such software.

Over rational fraction sequences it is necessary to do a transformation to obtain a
stream, suitable to be embeded into FPGA or a microcontroller. This transformation gives an
extra ability to extend the length on output sequence. Transformation will be shown in the
following example.

Consider the sequence Fn, n=4, i.e. F4 = {%, Y, Vs, Yo, 73, Y4, 71}

1. Arrange the numbers in terms of numerator and denominator, starting from the first
fraction: 0,1,1,4,1,3,1,2,2,3,3,4,1, 1.

2. Remove the first number - it is always 0
1,1,4,1,3,1,2,2,3,3,4,1, 1.

3. Replace each numerator with corresponding number of 1 and denominator with
corresponding number of O:

0 1 0000 1 000 1 00 11 000 111 0000 1 O

4. Hence the final binary sequence will be
010000100010011000111000010

This operation increases the length of bit sequence, the span depends on the order of

Faray fraction and is difficult to determine.This approach gives a possibility to obtain
sequences with very long period.
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3. GENERATOR'’S BLOCK DIAGRAM

In this study a structure combining the original LFSR and a Faray sequence is proposed.
The pseudorandom genarator’s block diagram is shown on Figure 1

Out
Fn _>@.. 1 LFSR 1 n —>

Yy v

9
'y '
\ +mod2 /

Fig. 1. General block diagram

The diagram consists of a linear feedback shift register LFSR1 with equation on
feedback

q: X3+

and a Faray sequence F,. Here the memory cell in original diagram on Klapper and Goresky
[3] is replaced by the Module F,.

4. STATISTICAL TESTS OF PROPOSED GENERATOR AND EXPERIMENTAL
RESULTS

The generator for pseudo-random sequences proposed above (Figure 1) has been
evaluated with various statistical tests. From many different tests the following have been
selected:

1. Standard test to check the law of distribution of random variable in MatLAB[5]

The test is conducted by the MatLAB built-in function runstest (x), whose argument x is a
sequence generated by LFSR [b]. Command for the test is [h, p] = runstest (x). As a result
the function runstest returns:

e For variable h zero (h = 0) if zero hypothesis H, is accepted and for value h =1, if Hg

is rejected. A random law of distribution is accepted for the zero hypothesis Hy.

e For variable p - probability adopting Hy at the level of significance of 5%.

The test results are as follows:

- input sequences reject Hy — test results: Hy= 1, P = 3.52740e-010

- output bit stream accept Hy — test results: Hy= 0, P = 0.1782228

2. Frequency test [2]

This test determines the ratio of zeros and ones generated in order to have
approximately equal numbers. The test is conducted by the MatLAB built-in function erfc (x)
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X=S

[2, 8], where the argument obs js the value of so-called test statistics, expressed by the

formula Sops = |S”|/ van . The calculation of the value of the test statistics requires
preparation of the input data, which consists of the following - all n elements of the sequence
is converted using the rule: each generated 1 is replaced with +1 and each 0 with -1. Then

the sum of the elements Sn is calculated. Command for the test is P = erfc (x). Calculated

test scores are as follows:

- input sequences — P = 5.465e-006

- output sequences — P = 0.02782

To pass the test, P must be great then 0.01 [2]. The results have been interpreted as an
assessment of quality of output random sequence.

3. Coherence function

This function is used to assess the maximum similarity of input Faray bit stream and the
output sequenses produced by the LFSR. The value of the function depends on the initial
state of the register. Experimental resaults are shown in Table 2. Table consists of the
values of coherence function for all 31 initial conditions of LFSR. Column P presents p value
of [h, p] = runstest (x) for each initial condition.

The range of values of initial condition depends on the order on feedback equation of LFST.
The maximum possible value Q for a register of order N is:

Q=2N-1
Table 2
Stage Init?a'\I Coherence P Stage Init?a'll Coherence p
condition max condition max

1 1 0,939 0,1782 17 17 0,886 0,2202
2 2 0,9477 0,075 18 18 0,9187 0,713
3 3 0,8157 0,189 19 19 0,872 0,7017
4 4 0,8248 0,146 20 20 0,9056 0,8058
5 5 0,9434 1 21 21 0,8527 0,5956
6 6 0,9176 0,0241 22 22 0,9074 0,6768
7 7 0,9127 0,0526 23 23 0,8478 0,7549
8 8 0,9633 0,8451 24 24 0,9656 0,2411
9 9 0,9435 0,2695 25 25 0,8859 0,2728
10 10 0,8842 0,9779 26 26 0,8257 0,339
11 11 0,8901 0,1892 27 27 0,8319 0,0475
12 12 0,8529 0,7315 28 28 0,8504 0,419
13 13 0,9121 0,6114 29 29 0,8934 1
14 14 0,8763 0,1223 30 30 0,8902 0,977
15 15 0,9159 0,4504 31 31 0,8991 0,0567
16 16 0,8658 0,4913
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4. Autocorrelation function

Figure 2 present autocorrelation function of output sequences.
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Fig. 2 Autocorrelation function

The shape of this symmetrical function is appropriate for radar systems for example,
when two targets are very close each other and must be separated.

5. Practical experiment

Figure 4.5.1 presents a part of pseudo-random signal. Output from LFSR is used for
frequency modulationof a carrier signal. Two different frequencies are used for
representation of 1 and 0 of a pseudo random sequence. Hardware realization is build by
Microchip dsPIC PIC30F4013 using R2R 8-bit DAC. Output signal is buffered. The generator

has two outputs, one for modulated signal and another for refference binary modulation
signal.

1.5 oasy 128k5 4 Tmsz

_____________________________ [ASRY GRRUORES . S5 D AP ASRRVIOIROIOtY SUDIOIVIUIY. . S, .. 2 LU, B
2 1 1

dv 4.3 dt: 1.0Bms 1/dt 943.40Hz Wims: 2,39V 9.8dBm

Fig. 3 Experimental results from hardware realization
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5. CONCLUSIONS

The experimental results described above give grounds to claim that the synthesized
generator does not reject the proposed test criteria for using of these procedures. The
approach can be used for testing of the generator by increasing the length of the output
sequence (period) and to increase the length of Faray sequences as well.

The approach adopted for this study has a significant dissadvantage - a requirement of
computing resources. On the practical side the proposed idea could be carried out by means
of programmable logic arrays (FPGA). Using different prime polynomials in the feedback of
LFSR the length of random sequences could be extended much more than the register itself
can produce. This approach gives potential to obtain sequences with very long period.

Future researches will be directed to implement this idea in FPGA and also to a
theoretical survey of the generator using abstract mathematics approaches.

This work has been supported by a grant from Varna Technical University, Varna
Bulgaria.
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AN ANALYSIS ON CAREER PATH OF TURKISH OFFICERS
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L2Dokuz Eylul University, Maritime Faculty, Marine Transportation Engineering Department,
Turkey

Nowadays, the volume of maritime trades and number of ships are increasing in the world.
Therefore, the demand for qualified seafarers has increased in parallel with this volume. This
study aims at forming a career path map on Ocean Going Officers who graduated from Dokuz
Eylul University (DEU), Maritime Faculty (MF) Marine Transportation Engineering Department
(MTED) between 1999-2008. Furthermore, it analyzes the reasons for choosing the sea
initially, the factors which affect the sea career, the reason and the means they use for
coming ashore. The results cover the descriptive analysis of career path of ocean going
officers, the reasons for choosing the sea and negative factors which affect the sea career.

Keywords: Ocean Going Officers, Career, Career Path, Seafarer Shortage

1. INTRODUCTION

The world merchant fleet was 722.6 million dwt in 1999. This figure reached 1,113 billion
dwt in 2009 (DTO, 2009). Yet, the targeted growth rate of qualified seafarers of worldwide
fleet has not been achieved. According to the BIMCO/ISF Manpower 2005 Update Report,
the estimate worldwide shortfall of seafarers in 2015 will be 5.9% of the total workforce
(BIMCO/ISF, Manpower 2005 Update Summary). The OECD countries remain an important
source of officers although Eastern Europe has become increasingly significant with a large
increase in the number of officers. However, over 25.0% of these are over 50 years old, and
well over 50.0% are over 40 (OECD, 2005).

As a result of the fact that seafarer shortages in the coming years will increase, IMO
launched "Return to Sea” Campaign in November 2008. Moreover, this campaign is to
ensure that the world have the resources of trained seafarers which the industry needs, not
just now, but in the long term. According to the results, the first item is staying away from
family and loved ones with 67.6% (www.imo.org).

The most comprehensive study of career paths in the maritime sector was conducted by
the European Union (EU) with the support of 10 countries which were EU members in 2005
(The Mapping of Career Paths in the Maritime Industries). Arising from the results of this
study can be summarized as follows (ECSA-ETF Final Report, 2005; 12-21);

Reasons for going to sea: The location of home or place of upbringing, family

influence, good career prospects, a long-term interest in the sea, travel and satisfying
wages.
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Reasons for staying at sea: A long held ambition to become a Master or Chief
Engineer, appreciation for the job and the seafaring lifestyle and rapid promotion.

Reasons for coming ashore: Expensive education, limited career, reduced number of
personnel on board and increased workload, heavy weather and sea conditions, piracy,
cultural differences, license exams, new certificate programs and training, being away from
family and social life, health problems (fatigue and excessive stress), the duration of stay in
port being short, increased employment opportunities on shore, family and environmental
pressure, limited social rights on board, the duration of the contracts, and limited
communication facilities.

2. AIM OF THE STUDY

The aim of the study is; to form a career path map for Ocean Going Officers who
graduated from Dokuz Eylil University, Maritime Faculty Marine Transportation Engineering
Department. Furthermore, the study analyzes the reasons for choosing the sea initially, the
factors which affect the sea career, the reason and the means for coming ashore.

3. DATA COLLECTION METHOD

In this study, quantitative research methods were used to collect data. The data were
collected with the help of a questionnaire prepared. The questionnaire variables were
developed to obtain demographic information and career status of the respondents. Some of
the variables which were used in the survey of “The Mapping of Career Paths in the Maritime
Industries” (ECSA-ETF Final Report, 2005; 12-21) were utilized for the development of the
guestionnaire. Pilot study was carried out to test reliability of the questionnaire. The results of
the pilot study were satisfying. The questionnaire was applied to 10-year graduates from
August 2009 to January 2010.

4. POPULATION AND SAMPLE SIZE

The population study consists of alumni who graduated from DEU MF MTED between
1999-2008. The first alumni graduated from Marine Transportation Engineering Department
in 1999 with bachelor degree. During this study, researchers tried to reach all members of
the population. A great proportion of alumni were working on ships all over the world, which
made it difficult to reach all the population. The questionnaires used to collect data were
delivered to the respondents via e-mail, facebook and alumni forums on the web. As a result,
67% of the population has been reached.

5. DATA ANALYSES METHOD

SPSS 15 (Statistical Package for the Social Science) was used for data analysis. SPSS
data analysis techniques were used in the analysis of frequency distribution and
percentages.

6. FINDINGS OF THE STUDY

During the study, out of a total number of 314 graduates, 213 respondents were
reached. 212 questionnaires were evaluated in the study. Table 1 shows the profile
information of alumni

In general, 67% of the targeted number of 10-year graduates took part in the study.
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Table 1. Alumni’s Profiles

Graduation General Achieved Percent
Year n n %
1999 17 16 94,12
2000 13 6 46,15
L 2001 18 15 83,33
Part|C|_pat|on percentages of 2002 30 22 7333
aIumm respondmg the 2003 29 17 58 62
questionnaire 2004 40 21 52,50
2005 36 15 41,66
2006 45 31 68,88
2007 41 31 75,60
2008 45 37 82,22
General 314 212 67,51
Age Average : 28,06 Age range: 23 - 34
n %
Engaged 15 7,1
Marital status Married 64 30,2
Widowed 1 0,4
Single 132 62,3

Alumni career status can be seen in Table 2. Even though approximately 20.3% of the
alumni participating the questionnaire have Oceangoing Master License, 14.3% serve as
captains. The reason for the discrepancy between these figures is that the alumni want to
get the Unlimited Master License before starting a career on shore. 78.2% of the alumni
prefer to work with Turkish flag. One of the main reasons for this can be expressed as social
security.

Table 2. Alumni’s Career Status

n %

o Captain 43 20,3
Valid licence Chf. Off. 84 39,6
Deck Off. 85 40,1

Average : 38,6 month

Sea service Sea Service Range: 0-120 month.

n %

Preferred type of vessel flag Turkish 165 78,2
Foreign 46 21,8

n %

- Cadet 2 1,0

Last proficiency on board Deck Off. 102 481
Chf.Off. 77 36,3

Captain 31 14,6

Age of stopping sea service

Average: 27,25

Stopping sea service range: 22-33

Table 3 shows the analysis of ship types that alumni prefer to work at sea. 35.37% of the
alumni preferred to work on bulk cargo ships and then came chemical tankers, dry cargo
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vessels and bulk cargo vessels and container ships. The reasons for choosing Bulk cargo
ships can be listed as fewer rules and audits than on the tankers, longer voyages compared
to tankers and containers, longer stays at ports than tankers and container ships. Chemical
tankers are the second most preferred type of the ship by alumni. The main reason for
choosing chemical tankers rather than the others approximately 2 times more financial
income can be picked up.

Table 3. Alumni’s Ship Type Preferences

Ship type n (%)
1 Bulk Cargo 75 (35,37)
2 Chemical Tanker 58 (27,35)
3 Dry Bulk 55 (25,94)
4 Container 54 (25,47)
5 Qil Tanker 45 (21,22)
6 Ro-Ro 14 (06,60)
7 Passenger 12 (05,66)
8 Others (Yatch, Mega Yatch ) 05 (02,35)

The alumni’s reasons for choosing the sea can be examined in Table 4. Alumni chose to
be seafarers due to its being a lucrative and guaranteed career. Those who choose a
planned and conscious way received third place at the table. As can be seen from the
results, alumni have chosen higher income and guaranteed job instead of their favorite
occupation. This factor leads to early discontinuation of the sea.

Table 4. Reasons for Being a Seafarer

Reasons for being a seafarer n Mean * Standgrd
Deviation

1 Satisfying Income 210 3,8333 1,11357
2 | Employment Guarantee 211 3,7251 1,28370
3 | Prior Plan 211 3,6635 1,29304
4 | Travelling Interest 210 3,2143 1,30761
5 | Sea Interest 210 3,1810 1,32174
6 Respectable Occupation 210 3,1619 1,21493
7 | Freedom 210 2,8714 1,42689
8 | Family Advice 210 2,4857 1,47135
9 | Friends Guidance 211 2,3318 1,44877
10 | Coincidence 210 2,0714 1,27532
11 | Insistent Family Guidance 210 1,7857 1,18878
12 | Miscellaneous Problems on shore 210 1,7714 1,14714

*5- Likert Scale — 1: Strongly Disagree, 5: Totally Agree

In Table 5, the factors adversely affecting the working times of the graduates in the sea,
in other words, the first 10 factors causing to leave sea can be seen. These include
increasing daily stress of work, constantly renewed and increasing rules, increasing
inspections and tightening, the advancement of technology as a result of rapidly declining
number of personnel working on board, which results in increased workload. Then staying
away from the family and inability to perform tasks and communication difficulties follow.
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Table 5. Reasons to Leave Sea

The respondents’ reasons to leave sea n Mean * Star_ld{_;\rd

Deviation
1 | Increasing stress on the work done 212 4,1934 ,94661
2 | Inadequacy for loved ones 212 4,1840 1,01605
3 | Communication problems with the family 212 4,1509 1,02843
4 | Fewer social rights than on shore 212 4,0330 1,13281
5 | Excess workload 212 3,9387 1,18882
6 | Short stays in ports 212 3,8679 1,17296
7 | Decreased quality of seafarers on ships 212 3,8443 1,12672
8 | Wage differences between shore and sea 212 3,7925 1,20989
9 | Wearing processes in the controls at ports 212 3,7877 1,25711
10 | Increased level of responsibility for captains 212 3,7453 1,22812

*5- Likert Scale — 1: Strongly Disagree, 5: Totally Agree

23.4% of alumni stated that as a result of illness or disease of a family member, they
decided to leave the sea. 3.3% of them decided to leave sea while they were students at
school, 18.3% of alumni decided to leave sea within a year of sea service, 10% of them
decided to leave sea during their sea going training and 10% of alumni decided to leave sea
within 2 years of sea service. The main reason for this is accumulating savings for the on
shore careers. Alumni’s first career goals on shore have been found to be related with
maritime industry with %78. Well concerning the alumni’s transition to careers on shore the
list includes, prior plans (% 39), coincidence (% 39), help of friends on shore (% 11). Alumni
with careers on land have been identified as 72% of those who have permanent jobs.

Figure 1 shows the map of alumni’'s career path. 62.8% of alumni continue their careers
in private sector on shore, 37.2% of them continue in public sector. 33.3% of alumni who
transfer to the private sector are working at maritime sector in posts such as "personnel

manager", "super intended", "fleet manager" and "operation manager”.
D.EU.MARITIME FACULTY MARINE TRANSPORTATION ENGINEERING DEPARTMENT
4
GRADUATION - OCEAN GOING OFFICER
!
AVERAGE 38.6 MONTH SEA SERVICE
COMING ASHORE

PRIVATE SECTOR - %0 61.8 PUBLIC SECTOR - %0 37,2
Shipping Companies - % 33.3 Republic of Turkey Undersecretariat for Maritime Affairs - Employee - % 17.6
Ports- % 5.9 Republic of Turkey Undersecretariat of Custom — Employee - % 7.8

Logistic Sector - %0 5.9
Shipyards- % 3.9

Commercial Business - %0 3.9

University - Lecturer - % 7.8
Filotage- Pilot - %0 2
ERepublic of Turkev Ministry of Education— Teacher - % 2

Transportation Sector - % 3.9
Aviation Sector - % 2
IT Sector- % 2

Yatch/Tourism Sector - %0 2

Fig. 1 Alumni’s Career Path Map
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Some of the alumni who never worked at sea after graduating from school started to
work for the aviation sector (travel coordinator), IT and logistic sectors.

71% of alumni who continue their careers on shore receive less income than they did at
sea. In addition, 25% of them returned to work at sea and 75% of them continue their
careers on shore. The factors causing the alumni to return back to the sea from shore can be
listed as "unemployment” (41%) or "financial hardship on shore" (35%). Only 4.1% of alumni
state that they will return to the sea if there is some improvement in working conditions at
sea. In addition, 18% of alumni have stated that they are thinking of returning to the sea.

7. CONCLUSIONS AND RECOMMENDATIONS

As a result of the study based on data obtained from the shipping industry needs,
qualified officers can continue their careers at sea for the recommendations listed below.

Majority of alumni decided to end their careers at sea while at school, at the sea going
training and within 1 year of sea service. In this situation prior to the university entrance
examination students planning to study at this section should adequately recognize the
challenges of the maritime profession; and should gather proper knowledge about this
profession. Especially before exams, both at schools and university counseling centers, by
explaining the overall structure of the maritime profession can help students make conscious
choices.

Based on the reasons for the alumni leaving early their sea careers early; the physical
conditions on the ships the workloads of seafarers, responsibilities, and stress levels should
be investigated and necessary arrangements should be made to increase job satisfaction.

To support entrepreneurship education, the curricula should more thoroughly focus on
properties; business, maritime management, ship chartering, and insurance For example,
the hours of theoretical lessons and practice can be increased. The sea-based academics at
educational institutions can be role models. For easier adaptation to the marine environment
,there could be maritime boarding schools with hierarchical structures.

As for promotions in the sea, the required sea service time was shortened as a result of
the requirements of the maritime industry.This caused an early desire to achieve career
goals and discontinue the sea among the alumni. As a solution, promotion related
regulations specified in terms of a higher qualification should be reviewed and the conditions
need to be updated today.
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MARINE ENGINEERING TERMS: LINGUISTIC ANALYSIS FOR
EDUCATIONAL PURPOSES

DEMYDENKO NADIYA

Kyiv State Maritime Academy, Ukrain

The paper is intended to show the importance of linguistic analysis in the process of creating
teaching/learning materials for students who begin their academic career at Maritime
University. The strategy of Maritime English teaching in the countries where English is not the
native language is of upper priority for ESP (English for Specific Purposes) departments.
Marine Engineering terminological system causes certain difficulties for students in the
process of acquiring professional skills through abundant reading and writing. Therefore, the
contents, structure, amount of Marine Engineering word stock should be properly studied,
described, arranged and presented in a dictionary pursuing practical goals. The format of the
dictionary is the main concern for a researcher. The textual study based on such linguistic
parameters as origin of terms, their frequency, derivation, combinability, structural
peculiarities, etc, helps to develop authentic teaching/learning materials which facilitate the
process of acquisition and application of special terms in real-life communication.

Keywords: marine engineering, system of terms, linguistic analysis, a dictionary

1. INTRODUCTION

The teaching/learning materials developed in Kyiv State Maritime Academy include the
Introductory Maritime English Course and Maritime English-Russian Dictionary with
illustrations and explanations. These materials are designed for the first- and second-year
students - non-native English learners who begin their studies at Maritime Academy aiming
the Bachelor Degree in Marine Engineering and Navigation.

Three influences behind the development of the course book and the dictionary and as
such its contents and the format are taken into consideration. These are: a) the lack (or
absence) of professional Maritime experience of the students, b) the lack (or absence) of
Maritime English language proficiency, c) the lack of General English language competency.
Thus, the strategic purpose of teahing/learning materials creation was to provide efficient
tools of language training to the students and their teachers from the very beginning when
it's necessary to increase the students’ motivation, to improve their General English
profeciency and, finally, to encourage them in special terms learning.

According to IMO requirements the following topics (both for future deck officers and
marine engineers) are included into curriculum: 1) Introducing Oneself. Filling up personal
documents. Types of documents. Interviews. 2) Letters, numbers, colours. Maritime code
words. Times at sea and at shore. Languages, nationalities, flags. 3) Maritime jobs and
professions. Functions and duties. 4) Places and locations. Countries, water bodies. Other
geographical names. Maps and charts. Longitude, latitude. 5) A ship: dimensions,
particulars, parts, structure, functional zones. 6) Types of vessels. 7) Motion and directions:
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navigation, propulsion. 8) Engineering: types of a vessel's equipment. Engines 9) Running
the vessel. The bridge. The engine room. 10) Watches and watch keeping. 11) SMCP: on-
board, external. Orders and commands. VHF radio. 12 Daily routines of the crew members.
13) Weather and climate, weather forecast; natural disasters. 14) Emergency situations. 15)
Safety equipment and its location. 16) Steering, mooring, anchoring. Piloting. 17) Ports and
port infrastructure. Administration, customs, sanitary inspection, etc. 18) Navigational aids:
buoys and lighthouses. 19) Cargoes: types; loading/discharging operations. Deck
equipment. 20) Bunkering operations. 21) Shipping documents (basics). 22) Checking
supplies. 23) Incidents and accidents. Injuries. First aid.

The vast subject coverage of the course book requires efficient supplementary materials
in the format of a dictionary, in particular. Its type, the scope of entries, the way of a term’s
presentation were of great importance in order to obtain the final results. Here are some
ideas and examples to demonstrate the basic approaches to the terminographic description
of Marine Engineering vocabulary.

2. METHODS AND RESEARCH MATERIAL

1. Terms and terminography. One of the most important aspects of Maritime English
training is the arrangement and systematisation of  maritime-related word stock.
Traditionally, the methodology of practical work with special terms in a language classroom
has been focused on translation as the immediate means of a term’s semantisation (i. e. the
way of explaining its meaning and liaisoning to the notion the term corresponds to).
Nowadays lexicographic (termonographic) teaching /learning materials basically purpose the
development of skills and abilities of communicative nature. Being different from
lexicography which is mostly descriptive, terminography is primarily prescriptive. A term is a
word or expression that has a precise meaning in some uses or is peculiar to a science,
profession, or subject (Merriam Webster's Dictionary, 2008). Since the subject teachers
always are the source of scientific information about the concept of an engineering term, it
should be taken for granted to coordinate the work of language teachers with them.
Terminography is qualified as a synchronic research, uses only experts as informants and is
entirely based on systematic classification in one subject field. (Bergenholtz, Kaufmann,
1997). There exist three types of dictionaries: a language dictionary, an encyclopaedia and
an encyclopaedic dictionary. An encyclopaedic dictionary has been chosen as the best way
of arranging and representing the terms for beginners in Marine Engineering. The reasons
are the following: a) it gives maximum explanations of a particular term; b) it suggests
illustrations (pictures, sketches, diagrams, etc) to increase the efficiency of a term’s
comprehension as well as to enhance the students’ motivation in learning both profession
and Maritime English which accompanies this process; c) it comprises insertions entitled
“Consolidation” in order to systematize important linguistic and extra linguistic facts specific
for Maritime English.

As it comes from the title, this is a bilingual dictionary which is rather convenient to
deliver references in spelling and meaning for non-native English speakers. The Maritime
English-Russian Dictionary for beginners comprises 10.000 terms and terminological
expressions. The sources of research material are multiple: Mass Media samples, IMO
documents (Conventions and Regulations), the Internet information on the subjects involved,
spesialists lecture notes, text books, etc. reflecting the synchronous state and major
characteristics of Maritime English in use. Part 2 of the Dictionary provides the information
on abbreviations mostly often used in professional texts including maritime issues, technical
symbols and acronyms, etc. Appendix suggests General English basics: rules of spelling,
main grammar rules, list of affixes common for ME terms, list of Latin and Greek words being
the source of contemporary maritime and technical terminology.
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2. Linguistic notions. Assuming the fact that ME is an operational language (Ziarati et
al., 2008) with its linguistic peculiarites and a lingua franca for those who use it in
multilingual envirinment, we should emphasize on its communicative characteristics mostly
observed in Standard Marine Communication Phrases (IMO SMCP) and in the way the
orders and commands are given. In this respect, Maritime English is of the same nature as
the English language used in the army, navy, aviation and space, other branches of
transport. This factor has been foreseen in the present terminological and terminographic
research work, and the corresponding samples of SMCP are included into the Dictionary.

As a whole, Maritime English word stock is not homogenious, represented, on the one
hand, by the General English language patterns of word formation and derivation; on the
other hand, it's obvious that under the influence of specific conditions of work of international
crew members at sea (fatigue, pressure, hazardous situations, emergency and risk — which
is traditionally called “human factor”) there must be standardized ME patterns (SMCP) which
ensure fast response or immediate action in order to avoid or to correct a human error.

From the point of view of structural linguistics, the Maritime English (incorporating the
Marine Engineering corpus of terms) possesses all traits of a sublanguage which depicts the
current language use in the field of shipping. In its turn, the sublanguage of Marine
Engineering (Marine Technology) is characterised by the use of classical engineering
terminology mostly of Latin and Greek origin being connected with names of various
equipment applied onboard ship and onshore. The introductory notions about the
sublanguage of navigation were first presented at TransNav 2011 (Demydenko, 2011).

3. Sublanguage of Marine Engineering and its specific features. The sublanguage
concept states that the word stock describing a particular sphere of life is arranged according
to the “field” structure. Any word field (lexical or semantic) has its core (key word/words) and
perifery (periferic elements). The core is characterised by invariable conceptual value and
high frequency in use; the perifery is somewhat instable and changeable thus demonstrating
its evolution: new tendencies in the development of the whole sublanguage area. In Marine
Engineering several words express conceptual meaning: marine, maritime, motion, engine
and others. They are of ancient origin: Lat. “mare, mar-“ - Eng. “sea, marine, maritime”; Lat.
“moved”™ Eng. “move, motion, motor”; Greek “unxavr, pnxav-* -Eng. “machine, mechanics".
The adjective marine (with the meaning “relating to or characteristic of or occurring on or in
the sea”) forms one of the biggest groups of terminological expressions: marine auxiliaries,
marine boiler, marine engine, marine engineering, marine environment, marine industry,
marine installation, marine motor, marine pollution, marine propulsion, marine rig, etc.
Similarly, the “core” term propulsion when used with different nouns denoting various
vessel's equipment (for example, propulsion device, propulsion engine, propulsion
generator, propulsion installation, propulsion machinery, propulsion plant, propulsion reactor,
propulsion reduction gear, propulsion system) immediately re-addresses these
terminological expressions to the area of Marine Engineering. The core elements play the
role of markers for the whole word group, or field. In the sphere of Marine Engineering there
are the following semantic groups presented in the Dictionary : Marine propulsion. Marine
equipment. Main engine. Auxiliary equipment. Deck equipment. Marine fuels. Cooling.
Bunkering operations. Pipelines. Ventilation. Maintenance and repair. Safety equipment.
Firefighting equipment. Firefighting drills. Marpol IMO Convention. Orders and commands:
orders to the engine room. SMCP for marine engineers.

3. SAMPLES OF MARINE ENGINEERING TERMS DESCRIPTION

As it was mentioned above, the Dictionary has been designed for practical needs: a) a
term’s description is supposed to help the 1% and 2 year students to accumulate knowledge
in Marine Engineering; b) it gives the ready-made teaching materials to ME teachers who
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conduct the language classroom; c) it is a source of reference about the spelling and
meaning of a term; d) it involves all the participants of the ME training process in
communication (comparing definitions, discussing information, using terms in different
situations, clarifying details, making additional glossary, commenting pictures or graphs,
exchanging opinions, etc.). The samples suggested below will help to get an idea of how the
Maritime Engineering terms descriptions are arranged.

1. Presenting a “core” term: propulsion, n; -marine propulsion (Marine propulsion is the
mechanism or system used to move a ship or boat across water (human, paddles, sails, a
propeller, an impeller). Marine engineering is the discipline concerned with the design of
marine propulsion systems); -direct drive propulsion system (Direct propulsion system is an
invariable choice for low speed diesel engines and has a very basic arrangement. It consists
of a propeller, which is connected to the main engine with the help of the shaft); -geared
drive propulsion system (Gearing has more than one function; it reduces the number of
revolutions from the engine output in such a way that the system can derive maximum
propeller efficiency. Gearing can also be used to connect one shaft to two prime movers or
can be used to share power between two shafts or to connect a shaft alternator to the shaft
connected to the propeller); -electrical propulsion system.

2. Presenting a term, its word group and materials for revision in the format of
“Consolidation” insertion: bunker, v; bunker, n ( -bunker capacity, -bunker clause, -bunker
fuel, -bunker oil, -bunker oil tank, -bunker tank); bunkering, n (The act or process of
supplying a ship with fuel): -bunkering tanker, -bunkering operation CONSOLIDATION:
- Bunkering operations: -products, fuel, gasoline, fuel oil, lub oil, fuel consumption, a flow,
fluid, a tank, ship tanks, day tanks, a petrol bunk, a bunker, a bunker tank, a bunker barge, a
bunker manifold, a bunker station, bunkering, bunkering operations, bunkering procedure, a
pump, transfer pumps, pumping rate, a fluid nozzle, a hose, connections, manifold
connections, valves, couplings, flexible, a pipe-pipes, pipeline(s), a pipeline network; quality,
guantity, volume, lab analysis, fuel samples, sounding (of a tank); -to supply, to store, to fuel,
to fill with fuel, to run out of fuel, to pump, to consume, to refuel, to deliver, to receive, to
start, to commence, to stop, to connect, to design, to locate, to check, to order (a product), to
secure a vessel, to agree (signals), to calculate, to be available, to distribute, to open, to
close, to show;-pollution, oil pollution, adjacent waters, emergency, emergency shut down
procedure, SOPEP plan, a foam fire extinguisher, Bravo flag, red light, Alfa Laval, warning
signs, stop/start signals, specification sheet, check up list, pre-bunkering procedure, required
standards.

3. Presenting the origin of terms in comparison of current use: engine, n. [Middle English
engin, skill, machine, from OIld French, innate ability, from Latin ingenium; see gen=- in Indo-
European roots; 1300, "mechanical device," also "skill, craft,” from O.Fr. engin "skill,
cleverness," also "trick, deceit, stratagem; war machine" (12c.), from L. ingenium "inborn
gualities, talent" (see ingenious). At first meaning a trick or device, or any machine
(especially military); sense of "device that converts energy to mechanical power" is 18c.,
especially of steam engines]. Current use: 1. a. A machine that converts energy into
mechanical force or motion. b. Such a machine distinguished from an electric, spring-driven,
or hydraulic motor by its use of a fuel. 2. a. A mechanical appliance, instrument, or tool. b.
An agent, instrument, or means of accomplishment. 3. A locomotive. 4. A fire engine. 5.
Computer Science A search engine; tr.v. engined, engining, engines -To equip with an
engine or engines; engine, n ( A machine that turns energy into mechanical force or motion,
especially one that gets its energy from a source of heat, such as the burning of a fuel. The
efficiency of an engine is the ratio between the kinetic energy produced by the machine and
the energy needed to produce it); engineer, n. [Middle English enginour, from Old French
engigneor, from Medieval Latin ingenitor, contriver, from ingeni#re, to contrive, from Latin
ingenium, ability. engineer (n.) early 14c., "constructor of military engines," from O.Fr.
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engigneor, from L.L. ingeniare (see engine); general sense of "inventor, designer" is
recorded from early 15c.; civil sense, in ref. to public works, is recorded from c.1600.
Meaning “"locomotive driver" is first attested 1832, Amer. Eng. The verb is attested from
1843] - Current use: 1. One who is trained or professionally engaged in a branch of
engineering. 2. One who operates an engine. 3. One who skillfully or shrewdly manages an
enterprise. tr.v. engineered, engineering, engineers - 1. To plan, construct, or manage as an
engineer.2. To plan, manage, and put through by skillful acts or contrivance; maneuver.

4. Presenting derivation of terms: -corrode (v) - corrosion (n) — corrosive (adj) —
corroding (adj) — noncorroding (adj) — noncorrosive (adj) — noncorrodible (adlj); -oil (n)- oil
(v) — oiler (n) — oily (adj) — oiling (n); -mechanic (n/adj) — mechanical (adj) — mechanism (n) -
mechanization (n); -lubricate (v) — lubrication (n) — lubricant (n) — lub (adj) + noun-—
lubricating (adj); -heat (v) — heat (n) — heater (n) — heating (n/adj) — heated (adj); -overheat
(v) — overheat (n) —overheating (n) — overheated (adj).

5. Presenting synonyms: engine (n) - machine, motor, mechanism, generator, dynamo;
obligation (n) - duty, responsibility, job; equipment (n) — tools, devices; examine (v) - to test,
to explore, to inspect. to inquire, to search; personnel (n) - workers, staff, employees, human
resources, people, recruits, laborers; oil (n) — petroleum, petroleum derivative, a machine oil
or lubricant; machine (n) - apparatus, appliance, automaton, computer, engine, gadget,
implement, instrument, mechanism, motor, robot, tool, vehicle, widget; repair (v) - to restore,
to set right, to renew, to revitalize, to make up; ground (v) — to earth.

6. Presenting antonyms: local — foreign; entrance — exit; top — bottom; heavy — light; full
— empty; ancient — modern, update; beginning — end; upper — lower; minimum — maximum;
rigid — flexible; slow — fast; simple — complex; advantage — disadvantage; major — minor.

7. Presenting definitions: insulate, v (To prevent the passage of heat, electricity, or
sound into or out of, especially by surrounding with a nonconducting material); installation, n
(A system of machinery or other apparatus set up for use. A building or place that provides a
particular service or is used for a particular industry. The state of being installed; also called
installment); light, n/adj (1. Electromagnetic radiation that has a wavelength in the range from
about 4,000 (violet) to about 7,700 (red) angstroms and may be perceived by the normal
unaided human eye. 2. Having a greater rather than lesser degree of lightness. 3. Of
relatively little weight; not heavy); electromagnet, n -(An electromagnet is made from a coil of
wire that acts as a magnet when an electric current passes through it but stops being a
magnet when the current stops.); magnetism, n (Attraction for iron; associated with electric
currents as well as magnets; characterized by fields of force); overhaul, n (1. An act of
overhauling. 2. A repair job.); robotics, n (The branch of technology that deals with the
design, construction, operation, structural disposition, manufacture and application of robots.
Robotics is related to the sciences of electronics, engineering, mechanics, and software. The
word "robot" was introduced to the public by Czech writer Karel Capek in his play R.U.R.
(Rossum's Universal Robots).

8. Presenting structural elements: Ways of expressing opposite meanings: Un- to load —
to unload; loading —unloading, done — undone. De- announce — denounce; freeze —
defreeze. Dis- to charge — to discharge; charging — discharging; to mount —to dismount. Out-
onboard— outboard; inlet — outlet. Mis- to lead — to mislead. Ab- normal — abnormal. In-
complete — incomplete; convenience — inconvenience; combustable — incombustible. Im-
possible — impossible; flammable — imflammable; pure — impure. Non- working — non-
working; operating -—non-operating; freezing - nonfreezing. Mal- adjustment -
maladjustment; function — malfunction. Off- grounded — offgrounded. Counter- measure —
countermeasure; weight — counterweight. Contra- rotation — contrarotation; propeller —
contrapropeller. -less powerful — powerless; wire — wireless

9. Presenting lexical and grammatical means for a particular function. Comparison: -to
compare, a comparison, comparable, incomparable; -to differ from, to be different to,
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difference; to resemble, resembling; -similar, to be similar to, similarity; -to distinguish,
distinguished, distinguishing; -to contrast, a contrast, contrasting; -the same: almost the
same, absolutely the same; -between (when two objects are compared); -among (when
several objects are compared); -general, common, special, specific, particular, peculiar; -
equal, single, minor, major, minority, majority; -bot and, as...as, like (who? what?).

10. Presenting a historical fact: Diesel, Rudolf (1858 - 1913). Rudolf Christian Karl Diesel
was a German inventor and mechanical engineer, famous for the invention of the diesel
engine.

11. Presenting a glossary: Diesel engine glossary. Bore — refers to diameter of engine
cylinder. Stroke — refers to distance piston travel from TDC to BDC. TDC (Top dead center).
BDC (Bottom dead center). Engine displacement —refers to the total volume displaced by the
pistons during one stroke. Degree of crankshaft rotation — because the piston is connected
to the crankshaft, any location of the piston corresponds directly to a specific number of
degrees of crankshaft rotation. Firing order — refers to in order in which each of the cylinder
in a multi-cylinder engine fires. Clearance volume — volume remaining in the cylinder when
piston is at TDC. Compression ratio - Total volume / clearance volume. Horse power —
power is amount of work done per unit time or the rate of doing work. For diesel engine
power is rated in units of HP. Brake horse power refers to the amount of usable power
delivered by the engine to the crankshaft. Mechanical efficiency - the ratio of engine BHP
and its indicated HP. IHP (Indicated Horsepower) is the power transmitted to the piston by
the gas in the cylinder and is mathematically calculated.

4. CONCLUSIONS

The Encyclopaedic English-Russian dictionary of Maritime Terms has been developed
for the 1% and 2" year students of the Maritime Academy. Being attached to the
“Introductory Maritime English Course” it serves as a terminographic material designed for
students’ practical needs: a) as a reference for meaning and spelling, b) as a reference for
word combinations of a particular term, c) as a source of additional information about terms
(and respectively - people, objects, phenomena, etc they denote) in order to stimulate their
use in the professional environment. The linguistic analysis, preceding the terms
arrangement and description in the Dictionary, included the study of authentic texts,
frequency of their appearance in current use, their structural peculiarities, combinability,
derivation and origin. Thus, the main advantage of the Dictionary is stimulation of students to
develop their communicative skills right at the beginning of the ME learning process. In this
respect, the combination of a concise encyclopaedia with bilingual dictionary designed for
beginners create efficient foundation both for language classroom activities and individual
work of Marine Engineering students, in particular.
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THE ROLE OF HUMAN FACTORS IN MANAGEMENT OF MARITIME
TRANSPORT OPERATIONS

KOLEYV KIRIL

Naval Academy “N. Y. Vaptsarov”, Varna, Bulgaria

Although certain functions have been automated, a maritime transport is still largely a human-
controlled system. It is explained the tendency for objective assessment and management of
interactions between work-place and environment and their affects on final results of maritime
transport operations.

Keywords: role of human factors, management of maritime transport operations

1. INTRODUCTION

Human factor has an ambiguous influence in the maritime transport. Vessels are mostly
human-operated systems regardless of automation of some functions. Two main
conceptions (ergonomic and psycho-physiological) for the influence of the human factor in
maritime transport are considered as “two sides of the same coin”. In fact, precise distinction
between two conceptions should be done, independently their focusing upon controlled
interactions between humans and physical work environment and machines:

e Ergonomic conception is the reflection of the influence of workplace of maritime

transport for adaptation of human needs.

e Psycho-physiological conception considers the reflection of the influence of

workplace of maritime transport upon functioning of a human component.

The human factor is considered as the main reported parameter in the activity of
maritime transport. In the course of the last 50 years the research of the influence of human
factor in maritime transport created solid scientific discipline on the basis of theory and
empirical data. Practical-applied purpose of this tendency gave expression in working out a
number of handbooks and guides for functioning of the human factor in maritime transport
(Salvendy, 1987; Wilson and Corlett, 1990, McCormick and Sanders, 1983; VanCott and
Kincade, 1972).

2. CONDITIONS FOR THE CREATION OF ACCIDENTS IN MARITIME
TRANSPORT

The popular explanation of the main part of accidents in maritime transport are human
errors. There are many sources, which show that approximately 75 — 90% of all accidents in
maritime transport are due to human errors. The purpose of the perception of indefiniteness
of present conceptions is influenced by the professional experience of their creators:

e Legal: concentrated on possible negligence or criminal conduct

e Technical: the operator misused the system

e Psychological: the operator is inhibited by trauma

e Social-technical: non-adequate operator’s behaviour
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Ergonomic: lack of the whole received information

Therefore the explanation of a stranding by “navigation error” may have different
interpretations as:

Negligence due to low morale

The control system did not give any feedback

Wrong assessment of the situation due to lack of necessary skills

Inadequate performance due to lack of procedure for actions in such situations
Electronic disturbance

Perception error due to low arousal

Therefore, human error conception demands deeper consideration.

Very seldom there is only one explanation about the accident. In many cases a accident
has many interpretations. This disturbing situation was pointed out more than 30 years ago
(Stewart, 1973). During the studying of the classical stranding scenario (Figure 1), Stewart
demonstrated the interaction between various factors. The factors that led to the stranding

were:

1.

2
3
4
5.
6.
7
8
9
1

0.

Vessel was approaching a dangerous headland.

Strong outside wind.

Attempt was made to adjust for setting the course change against wind direction.
No allowance was made for leeway.

Despite a later position fix, heading was not corrected.

Echo sounder was not in use.

Decreasing visibility near land.

Light picked up to starboard.

Assumed to be the headland light.

Stranded at full speed.

Course made good

Stranding

Fig. 1. A stranding scenario. (Adapted from Stewart, 1973)

One of the first studies of human error in ship operation (NAS, 1976) the following

factors are shown:
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e Inattention e Excessive alcohol use

e Ambiguous pilot — master relationship e Excessive personnel turnover
< Inefficient bridge design < High level of calculated risk

e Poor operational procedures e Inadequate lights and markers
e Poor physical fitness e Misuse of radar

e Poor eyesight e Uncertain use of sound signals
e Excessive fatigue < Inadequate rules of the road

The most of these problems are just as relevant today. Investigations of accidents had a
broader view which took workplace factors, procedures, fatigue, health and management
into consideration.

Fukushima (1976) took a wide scope of the initiative purposes for an accident. He saw
accidents as combinations of the following complex conditions:

< Natural phenomena: sharp changes in hydro-meteorological conditions.

< Navigation rout: fairway conditions, navigational obstacles and visibility.

» Vessel: stability, manoeuvrability and technical standard.

e Traffic congestion.

< Navigator: knowledge, skills and health.

It can be concluded that there is an understanding of why accidents happen that involves
the operator, technology, work conditions and organization. Therefore, there is more limited
point of view for design and planning of operations. This point of view reflects upon bridge
design shortcomings, lack of safety training and ignorance in management. Employees in
maritime transport are expecting the entire professional, multi-factors research and analysis
of accidents (Caridis et al., 1999).

During the proceedings concerning the increase safety and in particular to minimize the
negative effects of human errors the following lessons about accidents happened are
recognized:

1. Routine:

e Implementation of activities in normal operational situations.

* Negligence of the possibility of realization of abnormal events or conditions.

2. Gradual escalation:

e Reaching sufficient parametrical values above needed conditions for realization the

dangerous events resulted.

< Incapacity to cancel events, before they transform into tha accident process (lack of

safety control).

3. Multiple causes:

e An accident is a result from more than a single event.

e Causal factors are reflection of multitude of their sources (technological, humans

and organizational).

4. Human error

e An operator is a part of the accident events chain.

e The human behavior should be viewed in broader scope.

. Presence of situation factors

e Oncoming changes in physical environment.

e Oncoming changes in workplace conditions.

e Unsteady pressure by the tasks performed.

e Mental and special motivational state.

The important meaning is attached to the establishing of the objective perspective of the
time scale for the events related to an accident (as illustrated in Table 1). Decisions leading
to hazardous conditions can be taken in the order of year in advance. The critical events
may develop within a day or an hour and the dramatic release of energy in the order of
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seconds. The consequences in terms of breakdown of vessel, human suffering and
environmental damage have long-range effects. This perspective is reported by the solution
of the human factors problem.

Table 1. Characteristic time scale of a vessel accident

Time scale Typical event

1 year Management decisions connected with the vessel
operations

1 day Breakdown of safety function

1 hour Initiating failure or operator error

1 min Attempt to avoid threatened accident

1sec Non-regulated energy release

1 min Collapse of hull and breakdown of systems

1 hour Flooding and fire, loss of vessel and evacuation of people

1 day Rescue of people and vessel

1 week Pollution of the environment, hospitalization of people

1 year Environmental damage, post-tramatic effects on people

In the US study (RSS, 1988) referred to the service of the nuclear reactor distribution of
human errors admitted in routine and non-routine activities are pointed out. One of
conclusions obtained is that the non-routine operations such as testing/calibration and
repair/modification were especially prone to omission error (Table 2). The analysis of
behavioural mechanism showed that functionally isolated acts often lead to the bad errors
(Table 3). This behavioural mechanism is typical for non-routine activities.

Table 2. Omissions in nuclear power plant operations by activity category
Activity Omissions (%)
Monitoring and inspection 0
Supervisory control 2.3
Manual operation and control 5.9
Inventory control 9.4
Test and calibration 32.9
Repair and modification 41.2
Administrative task 1.2
Management, personnel planning 1.2
Other or not specified activities 5.9
All tasks 100

Source: RSS (1975).

Rasmussen (1982) reveals an important distinction between the following main
performance levels: skill- rule- and knowledge-based behavior (see Figure 2). Skill-based
behavior relies on the subsisted personal experience and almost unconscious actions. Rule-
based behavior applies for certain well-known situations. The complex situations require
some kind of problem solving called knowledge-based behavior. Skill-based behavior is most
frequent in daily operations and also less subject to error and accidents. The knowledge-
based behavior is used for the implementation of unfamiliar and difficult tasks. This behavior
may also have the largest consequences in case of error.
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Table 3. Errors in nuclear power plant operations by behavioural mechanism

Behavioural mechanism Errors (%)
Absent-mindedness 15
Familiar association 3.0
Alertness low 5.0
Omission of functionally isolated act 34.0
Other omissions 8.5
Mistake among alternatives 5.5
Strong expectation 5.0
Side effect not considered 7.5
Latent condition not considered 10.0
Manual variability, lack of precision 5.0
Weak spatial orientation 5.0
Other not specified 10.0
All behaviours 100

Source: RSS (1975).

SKILL-BASED
Almost automatic or unconscious
Habitual Based on training and recurrent execution
routines Low level control: Initiating cause — necessity of action

Procedures RULE-BASED
Familiar tasks handled with higher mental presence
Stored response patterns: Situation — necessity of action
Know-how

Frequency (log)

KNOWLEDGE-BASED

High-level mental activity and problem
solving.

Analyse, Prioritize, choose and decide
Improvisation
Problem solving

Potential loss (log)
Fig. 2. Alternative operator performance levels (Adapted from Rasmussen, 1982)

3. MODEL OF HUMAN RELIABILITY ASSESSMENT (HRA) EVENT TREE

Vessel activity deeply depends on human-machine control. Figure 3 presents a
conceptual model of vessel control, which emphasizes the meaning of human factors. In the
core of the control loop is the interaction between the operator function and the vessel.

The operator uses data from visual environment and the information displays
onboard. This data is processed and results in control actions and communication with other
crew members. The control of the vessel may be disturbed by the physical environment. The
performance of the operator is governed by individual characteristics and the interaction with
supervisors and other crew members.
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Fig. 3. Human-machine control of a vessel

Risk analysis includes making quantitative estimation of the risk associated with designs
and operations. Typical is estimation of the probability of having specified accident events by
means of fault tree analysis (FTA) or event tree analysis (ETA). In order to make realistic
estimates, human-error-related events must be incorporated. This is not a trivial problem
given limited understanding of this phenomenon and lack of systematic data. Various
approaches have been developed and to some degree have also been supplemented with
guantitative data. The objective of human reliability assessment (HRA) has been stated as
follows by Kirwan (1992a, 1992b):

1. Human error identification: what can go wrong?

2. Human error gquantification: how often will it occur and what are the possible

consequences?

3. Human error reduction: how can it be prevented or the impact reduced?

The key methodological steps are outlined in Figure 4.

Considerable experience has been accumulated with so-called first-generation HRA
methods, primarily from applications in the process and nuclear industries. These methods
come under increasing attack from cognitive scientists who point to the fundamental lack of
ability to model human behavior in a realistic manner (Hollnagel, 1998).

The Technique for Human Error Rate Prediction (THERP) is probably the best-known
and most widely used technique of human reliability analysis. The main objective of THERP
is to provide human reliability data for probabilistic risk and safety assessment studies. The
methods and underlying principles of THERP were developed by Swain and Guttmann
(1983) and are often referred to as the THERP Handbook.
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Fig. 4. Human reliability assessment steps (Kirwan, 1992a, 1992b)

The methodological steps are:

1.

Determination of system failures of interest: This stage includes identifying
the system functions, which can be influenced by human errors, and for
which error probabilities are to be estimated.
Analysis of connected human operations: This stage includes performing a
detailed task analysis and identifying all significant interactions involving
crew members. The main aim of this stage is to create a model that is
appropriate for the quantification in stage 3.

Table 3. Performance Shaping Factors (PSFs) in Technique for Human Error Rate
Prediction (THERP)

Situational Architectural features Availability of special equipment
characteristics | Temperature Adequacy of special equipment
Humidity Shift rotation
Air quality Organizational structure
Lighting Adequacy of communication
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Noise and vibration
Degree of general cleanliness
Work hours and work breaks

Distribution of responsibility
Actions made by co-workers
Rewards, recognition and
benefits

Job and task

Procedures required (written or not)

Work methods

Control-display relationship
Anticipatory relationships
Interpretation
Decision-making

Complexity (information load)
Narrowness of task

instructions Cautions and warning Plant policies
Written or oral communication
Task and Perceptual requirements Frequency of repetitiveness
equipment Motor requirements (speed, Task criticality
characteristics | strength, etc.) Long- and short-term memory

Calculation requirements
Feedback (knowledge of
results)

Dynamics vs. step-by-step
activities

Team structure and
communication
Man-machine interface

Psychological

Suddenness of onset

Long, uneventful vigilance

Personality and intelligence
variables

Motivation and attitudes
Knowledge requred

Stress (mental or bodily tension)

stressors Duration of stress periods
Task speed Conflicts about job performance
High jeopardy risk Reinforcement absent or
Threats (of failure, of losing job, etc.) | negative
Monotonous and/or meaningless Sensory deprivation
work Distractions (noise, flicker,
glare, etc.)
Inconsistent cueing
Physiological | Duration of stress Atmospheric pressure extremes
stressors Fatigue Oxygen insufficiency
Pain of discomfort Vibration
Hunger or thirst Movement constriction
Temperature extremes Lack of physical exercise
Radiation Disruption of circadian rhythm
G-force extremes
Organism Previous training/experience Emotional state
factors State of current practice or skill Sex differences

Physical condition
Attitudes based on external
influences

Group identification

3. Estimation of the human error probabilities: In this stage the human error
probabilities (HEPs) are estimated using a combination of expert
judgements and available data.

4. Determination of the effect on system failure events: The main task of this
stage is the estimation the effect of human errors on the system failure
events. This usually includes integration of the HRA with an overall
risk/safety assessment (i.e. PRA/PSA).

5. Recommend and evaluate changes: In this stage changes to the system
under consideration are recommended and the system failure probability
recalculated. Possible solutions for various human factors problems include
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job redesign, implementation of mechanical interlocks, administrative
controls, and implementation of training and certification requirements.
The probability of a specific erroneous action is given by the following expression:

m
Pa = HEPEAZ PSF W, +C Q)
where:
Pea | = | Probability of an error for a specific action
HEPg | = | Basic (nominal) operator error probability of a specific action
PSF, | = | Numerical value of k th performance shaping factor
W, | = | Weight of PSF, (humerical constant)
C | = | Numerical constant
m | = | Number of PSFy

The probability is a function of the error probability for a generic task modified by
relevant Performance Shaping Factors (PSFs). The basic Human Error Probabilities (HEPS)
can be looked up in 27 comprehensive tables in the THERP Handbook (Swain and
Guttmann, 1983). The Performance Shaping Factors (PSFs) are tabulated in the same
fashion. The three sets of Performance Shaping Factors (PSFs) are shown in Table 3.

Human Reliability Assessment (HRA) Event Tree
Correct Failed
actions A actions Task “A”

Task “B”

Series S F = Failure F F
Paralle S S = Success S S

Task “A” = The first task

Task “B” = The second task

a = Probability of successful performance of task “A”

A = Probability of unsuccessful performance of task “A”

bla = Probability of successful performance of task “B” given a
Bla = Probability of unsuccessful performance of task “B” given a
b]A = Probability of successful performance of task “B” given A
B|A = Probability of unsuccessful performance of task “B” given A

Fig. 5. Human Reliability Assessment (HRA) event tree for two successive
subtasks

The modeling of relevant human actions in event trees is based heavily on the task
analysis performed in stage 1. In the present stage a more detailed analysis is carried out on
each of relevant human actions identified and a comprehensive description of the
performance characteristic is made. Each human/operator action is divided into tasks and
subtasks, and these are then presented graphically in a so-called Human Reliability
Assessment (HRA) event tree (Figure 5).

Human Reliability Assessment (HRA) event trees model performance in a binary
fashion, i.e. as being either a success or a failure. Branches in a Human Reliability
Assessment (HRA) event tree show different human activities, and the value assigned to all
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human activities (except those in the first branching) are conditional probabilities. Figure 6
illustrates a simple Human Reliability Assessment (HRA) event tree (Swain and Guttmann,
1983). As can be seen from this figure, it is common to present the correct actions on the
left-hand side of the tree and failures on the right-hand side.

Failed
a action

Sucessful
action

A

Task A

/”_Recovery action (A) ™\
Task B b a
Task C

END
Activity as a whole
performed correctly
A = Probability of successful performance of task A
a = Probability of unsuccessful performance of task A

Fig. 6. Modelling principles in Technique for Human Error Rate Prediction (THERP)

The binary categorization of errors by the human activity used in Human Reliability
Assessment (HRA) event trees may be too simple to make any claim on psychological
realism (Hollnagel, 1998). First of all there is an important difference between failing to
perform an action and failing to perform it correctly. The HRA event tree approach fails to
recognize that an action may happen in many different ways and for different reasons.

4. CONCLUSIONS

It is proved that as a human behavior is a cognitive function or a mental act, rather than
a manual action, the usage of the event tree description does not create the realistic image
for the character of the activity carried out. This is because cognitive acts are not so easily
separated into distinct and sequential subtasks, as is the case with manual actions. Human
cognitive functions, such as diagnosis and decision-making, and particular the notion of a
“cognitive error”, play an increasingly important role in HRA. The standard approach used to
model cognitive functions in HRA event trees has been to decompose these functions into
their assumed components or subtasks, e.g. problem identification, decision-making,
execution and recovery. This may at first time sensible, but there are a humber of problems
related to it:

e The number of subtasks that need to be modeled in the HRA event trees in order to
incorporate the cognitive functions would easily become excessive, making the
event tree complex and difficult to model.

« It is difficult to obtain appropriate and reliable Human error Probability (HEP) data on
each of the (assumed) components of cognition.

e There are doubts as to whether such modeling is psychological realistic.

It is made a comprehensive list of the shortcomings of first-generation HRA approaches.
These shortcomings should be kept in mind in the overall assessment of quantitative risk
estimates.
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« Deficiency of information: Within HRA there is a general lack of appropriate data can
be used for quantitative predictions of human erroneous behavior. Much of the data
used comes from simulator studies, and there is no basic agreement on how these
data reflect the real world, or how they can be modified in order to achieve this.

e Lack of order in revealing errors: Fragola (2000) argues that this is one of the most
glaring weaknesses of conventional HRA approaches. Well-intended actions with
unintended and undesirable consequences largely remain an “unknown” area in
HRA.

e Inadequate proof of accuracy: Demonstrations of the accuracy of HRAs for real-
world predictions are almost non-existent. This goes particularly for non-routine
tasks.

< Inadequate psychological realism: Many first-generation HRA approaches are based
on highly questionable assumptions about human behavior.

e Inadequate treatment of performance-shaping factors: In most first-generation HRA
approaches the influence of factors such as management attitudes, safety culture,
cultural differences, etc. (e.g. organizational factors) are not treated sufficiently.
There is also little knowledge on how these factors actually affect performance.

e Inadequate treatment of dynamic situations: Conventional HRA approaches are
relatively static, meaning that they do not consider the dynamic situations under
which tasks are performed.

« A mechanical view of humans: Conventional HRAs use a decomposition approach
adapted from reliability analysis of mechanical system (i.e. hardware) on human
actions. This decomposition is binary, i.e. either success or failure. In addition, this
view results in a focus on the observable (or overt) aspects of human behavoiur,
instead of the more “internal structure” of the problem space.

< Quantitative rather than qualitative focus: This is argued by the disadvantages of
more conventional HRA approaches, due to the quantitative estimates produced are
SO uncertain.

e High level of uncertainty: Different HRA methods may produce widely different
values for the Human Error Probabilities (HEPs) when used on the same tasks.

e Inadequate determination and understanding of error cause: This weakness is in
accordance with the weakness of “inadequate psychological realism”. Most of the
first-generation HRA approaches run into problems when trying to explain why
humans make error.

e Lack of a systematic analysis of task structure: Analysts who use HRA methods/
techniques make judgements based on the information obtained from task analysis.
Therefore, a systematic task analysis is essential to enhance the validity and
consistency of the HRA results. Most first generation HRA approaches lack such a
systematic task analysis.

< Inadequate provision of error reduction strategies: Only several of HRA methods
provide clearly defined strategies for how the estimated HEPs may be reduced in
order to enhance safety.

In the last decade the constructive criticism directed at the techniques of conventiona
HRA have resu.ted in various efforts to resolve the stated problems. Therefore, the second-
generation HRA approaches are oriented to the authorization the limitations of the first-
generation HRASs.
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