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Abstract — This paper deals with some contemporary
challenges to power quality in ship systems, obsezd A. Ship power system

from metrological perspective. Two basic aspects, A perceptible increase in the importance of power
assessment of power quality and improvement of quality in recent years has been observed due do th
safety of shipping are taken into account. In the introduction of new methods for electrical energy
process of power quality assessment, the existing production and utilization in ship power systems) A
ambiguities and gaps are shortly analyzed and explanation of this increase results from pecutiad
discussed, with underlining the related metrologich pasic characteristics of these systems [1-3],[A], The
aspects. The ways of the safety improving relatedt ghip electric power system consists of the devites
power quality on ships are described and analyzed production, transmission and distribution of eliectr
into two layers: technological solutions and staff energy, as well as of its consumers. The main
competences, with appointing the metrological asper  components of the ship power system are energygssur
of ship system design, development and exploitation main and emergency switchboard, power cable limes a
Expectations and challenges for the future based on g|ectric consumers [7-11]. They are shortly desctibn
developments of both, legal and professional aspsct the basis of generic diagram of ship power plaft]nin
are focused on the key question: how to reduce ask  the basic configuration as the energy sources hfeet
of ship accidents, or more widely, how to improve a glectric generating sets are usually applied, [8)-12]
safety of shipping. Concluding remarks are sometimes shaft generators as well as turbogemsrate
formulated in the wake of a role of measurement and z|so installed. Presently, power systems’ architest [5]
related instrumentation in realization of analyzed gre organized as radial distribution system, ring
challenges. distribution system, or zonal AC distribution syste
) ) Another kind of solution is DC shipboard electriower
Keywords — power quality, ship systems, assessment,  distribution system [13], [14], but author of tiiaper is
safety improvement, measurement, maritime education  of the opinion that this issue is beyond the scopthe
and training presented subject. Taking into account continuously
running progress in marine electrical and electroni
I. INTRODUCTION engineering many changes in configuration of ship

Core information of this paper is based on therige electrical power systems are o_bgerved. These change
published papers [1-3], describing the problem off©ncem notonly the new possibilities to apply ¢énergy
electrical power quality and its influence on shipafety. ~SOUrces, e.g., additional gas turbines are alsd, vseich

This problem constantly remains vital and topicaiue. ¢ able to cooperate with a shaft generator,
Also some ideas of the last author's paper [4]ceoning turbogenerator or free-standing generating sets[19],

the problem, how to reconcile technological advameet ~ PUt first of all, a new philosophy concerning a mahip
with training en route to improvement of safety, propulsion, it means electric propulsion is introeld [15-

considered in the context of maritime education and]- This conceptis so-called ‘all-electric shiSumming
training of Electro-Technical Officers are shortly UP: the ship electric power systems can be dividgd5]

presented. An added value of this paper consisiwii- N0 Systems with mechanical propulsion realized as
aspect analysis of metrological components in th&onventional configuration (Fig. 1) and conventionéh

processes of power quality assessment and theedelatShaft generation (Fig. 2), and as integrated skeptrec
ship’s safety improvement in the wake of legiskativ POWer system realized as all-electric ship (FigoBalso

instruments,  technological ~ solutions and  staff@s hybrid propulsion [5].
competences development.
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Fig. 1. Traditional configuration of ship power syst, three
electric generating sets of Diesel-Generator (D@)et, MSB1,
main switchboard 3AC 400 V/50 Hz; MSB2, main switchboa
3AC 230 V/50 Hz; M - electric motor, box marked witAnge

color is referred to worsening effect of power qtyaliith
yellow color - to power quality measurements, in taiseEg]
means frequency converter [1], based on [12]
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Fig. 2. A configuration of ship power system witleéh
generating sets of DG type together with shaft gaoerMSB1,
main switchboard 3AC 440 V/60 Hz; MSB2, main switchboa

3AC 220 V/60 Hz; SC, Synchronous compensator; HF,
Harmonic filter; boxes marked with orange color aséerred to
worsening effect of power quality, with yellow coldo power

quality measurements and with green color - to payuedity

improvement, respective[@g] - frequency converter [1], based

on [19]
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Fig. 3. A configuration of all electric ship, BMSw
(forward) main switchboard 3AC 11 kV/60 Hz; SMSBste
(aft) main switchboard 3AC 11 kV/60 Hz; BTIB, bus the
interconnecting breaker; DGs, Diesel engine drigemerators;
GTGs, gas turbine driven generators; HF Aft and Fid,
harmonic filters, installed in aft and forward switmbards;
respectively, PC, power converters; PODs, poddeduyisipn
units of Mermaid azimuth thruster type; designasion colors
are similar to those in Fig. I - frequency converter [1],
based on [18]
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It is important to note that the latter case retera
recent solution of ship electrical system with eegioom
of CODLAG (Combined Diesel Electric and Gas
Turbine) type [3], [18]. The presented configuratio
(Figure 3) of ship electrical power system is lemitto the
high voltage electrical network, being in fact &lipart
of the power system for the all-electric ships. The
exemplary configurations presented in Figures Ir8 a
based on power systems of research - training sitp
“HORYZONT II" [12], on the chemical tanker m/s “Sto
Excellence” [19], and on the RMS “Queen Mary 2"]18
respectively. More detailed descriptions of theslations
and their main characteristics are presented in [Rl]
[12], [18], [19].

B. Basic characteristics of ship power system

The common features of ship electric power systems
[1], [3], [5], [6] could be characterized by shigtwork
variations, particular properties of loads and getieg
sets, including relationships among their powersval
as constructional and marine environmental comustio
and requirements. Conversely to the overland étattr
power grid, the ship electrical power network is an
autonomous and flexible power system. Its genagatin
capacity is precisely determined and limited.
Additionally, its short-circuit power is relativelymaller
comparing with industrial grids. Often the power of
singular loads installed in the system is comparatith
the power of single generating set. In fact, thép sh
electrical power system must be considered as the
variable frequency and voltage system, with shenmat
and long-term variations of these parameters. Those
variations are closely related with the propertésoads
and the time constant of generating sets. The chief
electrical and mechanical time constants are instmae
range of values, from hundreds milliseconds up to
seconds for the ship generating sets (prime moaeds
generators). Aforementioned particular properties o
loads concern their number, power and non-linear an
non-stationary characteristics. With regard to apen of
generating sets it is important to define their bem
power, kind of prime mover and possibility for thei
parallel work. In consequence, for reliability reas, the
redundancy of generating sets and vital loads are
required. Moreover, parallel operation of multiplewer
sources requires the load sharing control. It iso al
important, that the ship electrical power netwosk i
characterized by the short distances among
components, but at the same time this system agsenat
harsh environment. Such affecting factors like ailan,
ship rolling and pitching, humidity, temperaturalisity
must be taken into account. Finally, having in mind
aforementioned features of ship power network, the
application of large capacity-power electronic desgi
and systems also contributes to the power quality
deterioration to a wide extension. This deterioratias a
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real influence on the ship and shipping safety. (P

C. Power quality on ships and related measurements - Ship technology

development

On the basis of the real case studies, like thelaots »
of MS “Statendam” [20] or RMS “Queen Marry 2" [18],
an apparently controversial thesis could be fortediaan
impressive progress in marine technology is notga ST
guarantee for the ship and shipping safety [4].sblve Power Qually (°Q)
the power quality problem it is necessary, firsttg,
appoint and discuss the existing gaps and weaksiesse cemae———— PQ—reIatedSafeP{ Reduc.ngar.sk(J
and secondly, to indicate, how to overcome some L/""""”e'"i <hip secdents
presently observed ambiguities and inaccuracies. (o) () (s <l (sare )
solution of the problem under consideration in man e (oo (s

aspects is closely connected with the area of heglyo  Fig. 4. A concept of contemporary challenges to paueality

In the considered case, is metrology applied to ggow in ship systems and their impact on shipping safety
quality assessment as well as to power qualitylated improvement; the boxes marked with red color arerret! to
ship safety improvement. This paper is organizethain  power quality assessment, with blue color - to powsdity -
following manner: firstly, after an introduction g&ion related safety improvement

1), including generic information about ship power  This concept is built on the basis of the existitmte
system with regard to its basic characteristicse thyf the art summarized by the conclusion, that enajés
challenges to power quality in ship systems (Sectlp 15 power quality, which mean its assessment and- PQ
are shortly presented. In the third section, thge|ated safety improvement are the integral paftthe
me_trologlcal aspects of power quality assessment Obhip power system operation. The first of the
ships, are discussed and analyzed. In this importagforementioned processes is a basic one: assessient
section, the subsections related to formulationthaf usually precedes the PQ - related safety improveémen
process of power quality assessment, power qualifyhase. However, an improvement may be also initiate
indices, measurement methods, instrumentation eyl | directly from the ship power system, as an immapent
instruments for power quality monitoring are deésed  of the operations caused by the reconfiguration or
and discussed. Afterwards, in the fourth key sectb  modernization of structure of the considered systut
this paper, the metrological aspects of PQ - rélatdety i should be strongly underlined a mutual interacti

improvement are discussed, underlining technolégicg,etween the aforementioned processes and theisagif
solutions and crew competence-related measuresashe contribution of measurements in their realization.

two sections are devoted to a discussion of expenta

and future challenges in the area of power qualitghip . METROLOGICAL ASPECTS OF POWER
power systems, with indications, how to overcommeo QUALITY ASSESSMENT

existing ambiguities and inaccuracies by undergltire

adequate steps for improving the current situation. A. Power quality on ships and related measurements

. CHALLENGES TO POWER QUALITY IN SHIP Looking for a definition of power quality, two ohe
SYSTEMS most comprehensn_/e proposals are laid in the IEEE S
1159-1995 [21] an in IEC Standard 61000-4-30 [T2f
As a result of the aforementioned problems reléded first [21] document gives a description: “The tewh
power quality in ship systems, new challenges fip s power quality refers to a wide variety of electrgmatic
designers, crew members, and ship classificaticie8es  phenomena that characterize the voltage and cuateamt
are looming. These challenges should be considiered given time and at a given location on the powetesys.
the practice, and evaluated from the perspectioet to  According to this definition, the power quality it
reduce a risk of ship accidents and related damages simply a group of technical parameters, but theaue
how to avoid catastrophic consequences of worseaiing of interaction between numerous parameters. Thensec
power quality? A graphical illustration of interaet  definition [22] is: “Power quality - characterissiof the
relationships in the processes of power qualityelectricity at a given point on an electrical syste
assessment and safety improvement in ship poweavaluated against a set of reference technicahpateas”.
systems is shown in Figure 4. Directly from this last definition the term of powe
quality can be expressed by the set of inequalities

Cpq < Cpqref 1)
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where:Cpq - thei™ element of theCpq vector of power
quality coefficientsCpgref - thei™ element of th€pgref
vector of power quality reference coefficierits; 1,2, ...
k.

Table 1. Limit values of electrical power qualitglices in ship
power systems [23], [24], [26], [29], [30].

The k value depends on the needs of electrical powe
system designers and users. In fact a questiont éou Cpq Cparef values
value means the choice of appropriate set of refere parame- | |EEg PN-
technical parameters of the system under considarat ters 45 IEC6100 ABS PRS
In this context, electric power quality in ship ®m is 92-101
described by the set of parameters characterizing ofp +3% +5% 5% 5%
process of generation, distribution and utilizatioh Ofyr
electrical energy in all operation states of thépsh | @) value | +4% +10% +10% | +10%
(manoeuvring, sea voyage, stay in the port) aninitgct b) time 2s S5s S5s 5s
on the operation and safety of the ship as a whidiés Oped 0,5% 0,5% - -
set of parameters under consideration covers tpechs F e 5,5% 12,5% - -
- parameters describing a risk of loss of powerpbup +6% +6% +6%
continuity and, - parameters of voltage and cusémall dVy 5% _10& _100/' _100/'
. 0 0 0

the points of the analyzed system. Parameterseofirtst V,
group are essential, but the second group of pdeamis r
significantly better recognized in the area under a) v_alue +16% +20% +20% +20%
consideration. Nevertheless, electrical energy nfiust b) time 2s 1.5s 1,55 1,55
of all be delivered to the consumers, and then its  OpeY 5% 2% - -
parameters can be evaluated. Bearing in mind the g&v ., +20% +20% - -
aforemgntloned assumption, parameters of th.eg‘rmnp UL 3% 7% _ _
are mainly related with correct distribution ofigmetand ==

. : o Uy - 3% - 3%
reactive loads among generating sets working ialleér
A main goal of their control is to avoid the “blaolat” THD 5% 5% 8% 8%,
phenomenon, resulting from apparent overloadinghef Vig, 3% 3% 3% 3%:;
ship power station. Parameters of the second gevap 6%
mainly expressed by the coefficients of rms voltagkie ou 5% - - -
and its frequency deviations, coefficients of vgéa 2500V | 5,5V,
asymmetry and coefficients characterizing the shafpe (V=38
voltage and current waveforms, it means charabeyiz 0-
their distortion of supply voltage from the sinudai 600V),
wave. Taking into account ship technology needs, th Us 1000V | 1,2us/50 i i
legislative tools have been introduced, firstly, the (V,=12 St
IEEE [23] and IEC [24] standards, and secondlyebas 0-
on those, by the rules of classification societies. 240V)
Generally accepted and well recognized classificati 15%,
society rules concern, among others, the IACS [2B]S 5P - - 15% 2504%*
[26], DNVGL [27], Lloyd’s [28], or PRS [29], [30]It o
should be noted, that not all recommendations &HE 10%,
and |IEC authorities are transferred to and usedhinvit 3Q - - 10% 2504%*
appropriate rules and requirements of classificatio *k

societies. A short overview of the most commonlgdis where: *V,,, long-lasting aggregated values for the
power quality parameters, represented by correspgnd aggregation time 10 minutes in general purpose ariisv
with them the power quality indices is shown in [Eab.  [30]; **V ., long-lasting aggregated values for the
These indices cover the voltage and frequency tem®  aggregation time 10 minutes in networks for supyybf
like 8V, OV, BpeV, Ofp, Oy, Opef, the voltage asymmetry power converters [30]; *** rise / fall time - conees only
like u, and y  , the waveform voltage distortions like standard [24], **** - of the rated output kW of the
THD, Vi, and transients ¢u and finally, indices individual generators, whichever is the less ortloé
characterizing a proportionality of the power disition  smallest generator’s rated reactive load, whichééne
like &P anddQ. Aforementioned power quality indices less [26], [29].

are described and commented on, among others3h [1-  Author of this paper is of the opinion, that having
Their listing together with the recommended limitmind two previously aforementioned basic aspects of
reference values is collected in Table 1. power quality assessment [1-3] six principal congrus
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of theCpq vector could be appointed: instrumentation accordingly to the interlinks matKaey
dashed lines in Figure 5.

Cpa=|Cpg, CPG,..Cpas) " @ oo
. ] Ship technology

Linking adequately theCpq components with the = development
processes corresponding to continuity of power supp

role in the operation of the ship as a whole ana limsis
for power quality improvement. It should be addtht
process of power quality assessment is very impbrtat
only from exploitation point of view of ship systenbut
also it plays a fundamental role for their desigrd a

development. Taking int_o account aforementioned Fig. 5. The main components of the process of pauality
approach, the author of this paper is aware, toatep  ,qsessment in ship systems and interactions arheng the
quality assessment process is closely related with poxes marked with red color are referred to powerligya
measurement and modelling of these systems [158], [ assessment process, with yellow color - to metrofdgispects
[18]. An effective realization of the measuremenfs  of the analyzed process; solid lines - interactiamong main
power quality requires solving such tasks like chadf a  components of the process, dotted lines - additioeractions
set of reference technical parameters and defirgteged caused by continuously running advancements isigrel
indices, a choice of their limit values and time of processing and in the measuring devices technology
aggregation, if applicable, defining appropriatethmes L
agg ir?strumentatl?opn for measure(‘?nerl?tp ofpthese isice B- Power quality indices
conscious use and development of the power quality — Assessment of the ship electrical power systeros fr
related standards. Moreover, because of the assum@adpower quality point of view, covers both supplyda
structure of the paper, issue of modelling is belytre load side of the system, taking into account atuémice
scope of the presented subject. Finally, the mai®f non-linear, asymmetrical receivers and in maages
components of power quality assessment process diee fluctuating loads. On the basis of measurenaént
illustrated in Figure 5. parameters characterizing the electric power qualit
Presently existing procedures and devices fofvoltages, currents, powers) recorded in the sedect
realization of this process show some relevanpoints of the considered system, so-called poirts o
ambiguities, concerning the related power qualitliges, common coupling (PCC), appropriate power quality
adequate algorithms and measurements methodgdices, appointed by the user of the system, hauee
instrumentation and standards used in ship techgdib  determined. The basic power quality indices forpshi
3], [5]. A possibility to compensate the above nmmed  Systems together, with the recommended limit valaes
ambiguites and to comply all existing IMO laid in the related standards, described, amongrsttin
recommendations is not easy because of numero(@], [31]. In this subsection a main focus is canicated
interactions among the main components of poween the indices described by ti€pg vector (3), with
guality assessment process in ship systems. Irdacoe taking into account some characteristic peculiesiti
to Figure 5, the standards in the area of powelityua connected with the discussed systems. Power quality
have an impact on indices, methods of measureragats indices concerning the voltage and frequency dieviat
instrumentation, respectively. On the other handices are defined as follows [23], [24]:
have an influence on the methods of measurement and
instrumentation. Finally, from the wider perspeetiv f-f,
continuously running advancements in the signal of = f 100 (4)
processing, and in the measuring devices technplogy n
have effect on methods of measurements, standadis a

and assessment of its parameters in the analyzed i
. . METHDSOF || _ _
electrical power system we obtain: INDICES % & MEALREVENTS |
|
Cpg = [5V,5f u, , THD ,5P,5Q] T 3 POWER :
QUALITY |
ASSESSMENT :
Additionally, the parameters of related load cutren A (PQA) |
are also important, especially in the case of mdk- pr— |
linear loads, but their limit threshold values amet - STANDARDS |
defined in main stream classification societiesesul '/':_/E ______________________ v !
Process of the power quality assessment fulfilsuaial p- T e _T
I
|

Advancement
in the signal
processing

Advancemerst
in the measuring
devices technology

PQA - related
Metrological Aspects |
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V -V method for distortion analysis, meaning synchronous
oV = v 100 (5)  sampling frequency and the FFT algorithm or
n asynchronous sampling frequency and more complex

methods of signal processing such as software re-
where:V, f are actual values of rms voltage or frequency&amp“ng [32-34], or chirp z-transform (CZT) [36]3
respectively,V,, f, are rated values of rms voltage orpave to be formulated. In accordance with the IEC
frequency, respectively. . o Standard [37] the window duration should be 10 qusi
These indices are the basis for defining the veltagsy, 5oHz systems or 12 periods for 60Hz systems wit
and frequencydV, anddf, permanent variations, as well rectangular ~ weighting. Moreover, the maximum
as the voltage and frequen@yV, and dVy transient permissible error of the measuring window
variations (including respective recovery time )]  synchronization with the actual duration of recomoel
shown in Table 1. One of the most important peditié®  rectangular window width should not exceed,03%.
of ship system is its variable frequency. It waspror the presented example (Fig. 6), a duraticasahany
commented, e.g. in [6] “The frequency cannot beys 50,5% of the adjacent measurement windows sliffer
assumed to be constant aboard ship. The limiteghore than 0,03%. Therefore another approach than FF
rotational inertia of prime movers and generatdicsis algorithm must be used [2], [34]. It is worth adglithat
rapid accelerations and decelerations of the shaft frequency fluctuations in ship systems are caused n
corresponding frequency fluctuations in responsad  only by specific characteristics of these systelpus,also
changes”. An example concerning frequency andeelat by impact of environmental conditions, like diffate
parameters fluctuations is shown in Figure 6. Fu t states of sea or operation states of the ship. Swaiepth
analyzed case [2] the mean value of frequency dutie  analyses defining the angular frequency variatiassa

ferry manoeuvring has been equal to 50.05 Hz bast  key feature of electricity characteristic in shipstems
varied Slgnlflcantly between 48.97 Hz and 51.06 Hz. and ana|yzing their impact on power qua“ty

a)  sis measurements, may be found in [5], [38].
. Voltage asymmetry is described by the formula [23],
T [24]:
i 505 1 | 4 ) ||
g it
§ 50 T T V —V )
2 max_L_t_L min_L_t_L
& 405 | ’ lu U L= — —=—=—[100 (6)
|\ Vi
49
B8 T 20 a0 60 80 10 120 10 where: Vinax Lt Vmin_L L are maximal and minimal
time fmin] values of phase-to-phase voltaygwas defined above.

Alternative possibility to define asymmetry is
described in [24]:

=5
=

203

20

MY -
m vAvAWJ\JV\VﬂvJ MUMMH\”PM”MVNM N 0, = 100 0

where: V- and V, indicate symmetrical components of

8

window width [ms]

1 1 o % negative - sequence voltage or positive - sequence
time [min ] voltage, respectively.
Fig. 6. Frequency a) and basic measurement windowhviaplt . The v(\;a\;.eforn}dﬁtortlons anaIySISfWI(_jer ?]lschussed
fluctuations during all-electric ferry manoeuvringnalyzed in [1'3]_ efines firstly, a contenv O_ glven. \gher
frequency band is marked with yellow color harmonic component ofh order in relation to

] fundamental componeiw;:
These changes must be analyzed in the context, that

the reliable measurement of most of the power tuali v

indices, requires prior information about the akttua C; =Viy, ="M00 (8)
fundamental frequency. Among others, frequency 1

fluctuations affect on basic measurement windowthyid

understood as a duration of an integer number ofvhere: both components are rms voltage values, and
fundamental component cycles, and next, on thegsoc secondly appropriately defined indices of totatatisons

of synchronization of the sampling frequency witte t [2], [28], [37], [39]:

actual frequency of voltage [2]. In consequenceneso

recommendations concerning the choice of apprapriat
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n c
thz 4
THD, =2 1100 9)
\A < 31
S,
2 2
-V.
rms_n 1
TWD, = - 100 (10) "
1
o _,_.A\_ J LA N
28438 o "65 '166 "67 '168 29 '170[ (171 '172”;3 f1 41571

AV fr
TWD,5 401, = — o 221042 100 (11) . o )
\A Fig. 7. Exemplary waveform of supply voltage (ayeyminal
of navigation equipment at all-electric ship anglspectrum (b)
In many cases, THD evaluation expressed by the analyzed frequency sub-band is marked with yellowrrol

: : dashed line marks frequency of 50th harmonic wisededted
formula (9) is not effective, because the compament line marks frequency of 100th harmonic (c) exterfdegliency

aboye usua!ly defined numb(_ar of harmonlcs are simpl sub-band 2843.8-4157.1 Hz marked with yellow colasghe:d
avoided. This problem was discussed in [40]. MOB2OV  |ines mark the harmonic frequencies as integer iplalof

traditional way of analysis (9) considers only hanigs, fundamental frequency equal to 50.51 Hz [2]
avoiding other disturbances, like interharmonics, o o
subharmonics or distortions, which are not related In the presented case, it is early visible that the

fundamental component frequency [2]. Two question§OmPponents above 50th harmonic (marked with the
should be solved: which way and what kind ofyellow color) are dominant. The distortions aresealiby

disturbances (not only harmonics in the limitedjfrency ~ OPeration of power converters with declared switghi

band) could be taken into account? In addition,civhi fréauency 3.6 kHz. Therefore, the appropriate gy

frequency band is to be considered? this case requires covering the frequencies ab®th 5
To clarify the consequences resulting from tradiio harmonic. This problem has been recognized by safime

approach (e.g. [28], [37]) based on the rules whicship classificat_ion. societies. For example, t_he Acaa
require measurement up to 50th harmonic, let's idens Bureau of Shipping recommends calculation of THD
a case study analyzed and commented on in [2], [40factor (see Equation (9)) up to 100th for ship eyst
This example concerns voltage registered on tednana €duipped with “active front end” AFE PWM drives [8]

navigation equipment at all-electric ship [2] arasbeen [41], [42]. In this case, the operation of the IGBput
shown in Figure 7. bridge rectifier does significantly reduce low arde

harmonics compared to conventional AC PWM drives

a) with 6-pulse diode bridges for 50, but at the same
time a significant high order harmonics, above 56¢h
200 can be introduced [8], [41]. Apparently, the appiva
M;/ proposed by ABS should solve the problem in the
)

i example presented above, since the dominant compone

are located below 100th harmonic. Unfortunatelgséh

distortions are not related to fundamental compbnen

frequency, namely they are not harmonics. It haanbe

-400 graphically shown in Figure 7c. Finally, the basic
° ! v % - “© distortion indices have been calculated by all @&bov

fime{ms] introduced Equations (9) - (11) and for variousjérency

bands. The results are laid in Table 2.

u(t) V1
/"); i
/";

-200

b) s
N Table 2. Results of calculation of various distmtfactors,
3 designations [2].
S
S THD | THD TWD TWD TWD TWD
50 100 2.5kHz 10kHz 50kHz 2,5-10kHz
1
m 1511 161 1) 6206 | 7.83%  7.9% | 7.66%
0 b ol Lol Ll sy A A) A)
55 2525.6 5051.1 10000
frequency [Hz] The first observation is, that the approach to

waveform analysis based on the use of THD (Total
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Harmonic Distortion) expressed by Equation (9)deto  dependent on a number and output of running-inHeara
significant errors, and the application of TWD ((Ehd generating setsa(=0,5, fork=2, and the same output of
(11)) leads to more reliable results. The detadladlysis  the co-working generators). Inappropriate valuethese

of results in Table Il presented in [2] leads tee th coefficients is the most frequent reason of thekdat in
conclusion, that application of TWE, and TWDs.  ship system and this is why, the coefficied® and &
10kHz factors for monitoring of waveform distortions of should be determined continuously during the ship
electrical signals at shipboard should be advikeddlows  operation. An example of active powers distribution
easy detection of the distortions and rough categtion, between two generators working in parallel durihg t
i.e. low- or high-frequency phenomena or both. Migki ship manoeuvring, based on experimental resultsedar
into account of switching frequencies of typicatgd  out by Gdynia Maritime University research team][#4
power AFE PWM drives, the 10kHz limit of consideredillustrated in Figure 8.

frequency band would be enough. This solution is
consistent with the standard [43]. To complete thi®) 00
problem, it is worthy to add the THD definition pased
by the author’'s research team [40] and developere mo
precisely as TWDS in [5] is: “Total Waveform Distion
(TWDS) is the ratio of rms value of residue in the
frequency band up to 9 kHz after elimination of
fundamental to the rms value of fundamental, exqaes _ - _ .
in percentage, where rms value of fundamental lisevaf 02 78 154 23 306 382 458 534
fundamental subgroup measured for approximately 200 time [s]

ms window in accordance with IEC Std. 61000-4-7". b)
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A special attention should be paid to parameters
describing the continuity of power supply delivehike . AW
oP, 8Q or dl, described, among others, in [1]. For ship §
systems the indicedP, and 6Q; of proportionality of © 4]
active and reactive power distribution for genexgtsets
operating in parallel must be controlled. Monitgriof 0 P e

load distribution among generating sets operating i

parallel is recommended by many ship classification

societies, eg. DNV-GL, LR or ABS, which rules impos  Fig. 8. Distribution of active powers between twoegators

acceptable leveldP, anddQ indices. Appropriate indices Working in parallel during sip maneuvering (&) aetipowers of

characterizing a proportionality of the powersritisttion WO 9enerators working in parallel during ship maweting (b)

of ith generator are described by the formula® | proportionality indices characterizing distributiasf active

on the gasis of ship classification Zocieties’ Bions: powers between two generators working in parallel
More information concerning load sharing in ship

k power systems can be found, among others, in45], [
P —aiz P Overviewing the most important classification sogie
5P = i1 100 (12) rules, some ambiguities concerning imprecise désims
I

of related power quality indices may be formulatesd
follows [46], and discussed in [1], [3], [5]: - aajority of
K existing rules concerning ship systems do not deter
Q _O(iZQi the aggregation times for particular indices oftagé
_ oy waveform distortions, - in the rules under discossihe
oQ —Q—ELOO (13)  same value of limit levels of particular harmoniiss
n defined, what is a very controversial approach
considering different effect on the given object of
“differentorders harmonics, - in the related stadsidor
ship systems, the limit levels for interharmoniasd a
subharmonics are not defined, whilst the disturbaruf
this kind occur frequently in ship networks fittedth
electronic converter subsystems, - similarly tovjres
objection, in the same standards, lack of limitteots of
the disturbing components in the frequency bandvabo
usually accepted number of harmonics, i.e., 40 ®is5
noted, - and finally, a very imprecise definitioh THD

n

where: P, Q; are active and reactive load on the i-th
generator, respectively,, Qn - rated active or reactive
load, respectively, on the largest output generatarof
the generators running-in-parallel, or rated actwe
reactive load, respectively, on the smallest geoeihits
rated load is lower than 0,6 and its reactive lizsaldwer
than 0,4, respectively, of rated active load octiea load
on the largest output generator out of the genesato
running in parallel [26], [29]k - number of generators
running-in-parallel, a; - coefficient of proportionality
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in accordance with traditional approach. I1I.B. Additional comments concerning the three
aforementioned cases have been also presentee8]n [1
C. Measurement methods of power quality indices Taking into account continuously  running

An issue of measurement methods of power qualitfdvancements in signal processing, and having id mi
indices requires answering the question, what signdecommendations for signal processing in standard f
processing tools are to be used and how? An anfewer industrial land networks [22], [37], as well as the
this question in majority of measurements’ restitsn ~ Presented exceptions for ship networks, a packédge o
the existing power quality standards for industtaid @dopted recommendations for ship measurement
systems. Undoubtedly, these standards should Hgchnique is proposed [5] and [34]: - asynchronous
considered as primary standards, which constitsttae Sampling with frequency at least 18,34 kHz and
of the art in the question under discussion. Theyaathe —adjustment number of considered samples to thetidora
basis to form the standards addressed to poweityjiral ©f 10/12 cycles, - rectangular weighting, - signal
ship systems. They define not only a set of refezen Processing, dependently to the needs and requitsroén
technical parameters and their permissible linhits,also ~ @pplication: Chirp Z-transform for both, on linedaroff-
the methods of their measurement. Some similarities  line analysis, DFT for off-line analysis, FFT withe
common points in appropriate land and ship stargjardinterpolation in time-domain. . .

e.g. [21], [22], [37] and [23], [24] can be easitglicated. _ Alternat!ve _solu'uon, for S|r_nple_ analysis of _S|gnal
Additionally, there are rules of ship classificatio distortion, is signal low-pass filtration [48]. Assing,
societies, e.g. [26-29], resulting from the mergion that an appropriate signal processing tool has been
above standards. Generally, these rules are sitoiltre ~ Chosen, a next question is: how to aggregate measunt
previously cited dominant standard [24] or evens les'e€sults? This question is very important for therafors
precise, what was partly illustrated in Table 1cawling ©Of power systems, including ship systems. They reed
to considered standards like [22], [37], there spene  Clear indication, which values of distortion factirould
recommendations for signal processing concernirgy thP€ considered in decision making processes? A
window width, window type, DFT transform, sampling c0mprehensive background of this problem and exesnpl
frequency, fundamental frequency calculation, cpheé ~ Of research results recorded on all-electric ship |
voltage harmonic subgroups, and time aggregatiorPresented in [47]. It was confirmed by researchiedr
respectively. A critical analysis of applicabilitpf ~0Out on board all-electric ferry presented in [2].
measurement methods described in the above medtioneonsidering the fact that the overall level of alisbns
standards leads to conclusion, that at least inthee  Significantly varies during ship maneuverings, gess
cases these methods should not be applied to ghalsi €asonable to assume various permissible limits of
analysis in ship networks, it means in the case ofistortion factors depending on the time of ocourse
frequency measurement, a spectrum measurement ali®]- Therefore, in the case of time-varying waveis,
THD coefficient measurement [47]. the relaxed thresholds of waveform dlstprtlon iedic .

With regard to first exception, method of frequencyshould be adopted. The arduous analysis of reg shi
measurement recommended by the IEC Standard [28)amples leads to a conclusion that the aggredeied
cannot be accepted because of its discrepancyshifh ~ cycles values for systems with rated frequency letua
system requirements for frequency value contro[2#f ~ 50Hz changed in similar pattern like values measare
the number of integral cycles is counted duringtpes the basis of 10 cycles window, with only slightiyler
time clock interval, whereas the frequency valuedi®e Maximal values. However, this is quite different fd-
obtained in relatively short periods of time in pshi Min aggregate values [47]. Some experimental result
systems since its deviation from rated value shall concerning the selected distortion factors of kttic
within the limit of £10% during the time not longer than f€fTy manoeuvring considered in the context of the
5-s. The second exception is connected with th&dgregation time are analyzed and discussed ir). [I-3
frequency spectrum analysis. Because of the relevad@s shown, that taking into account two variousitlim
frequency fluctuations observed in ship networksYalues for both: momentary 200-ms aggregated values
mentioned in subsection I1I.B, the measurementgiigr ~ and aggregated 10-min values of distortion factmes
harmonics and interharmonics in ship networks megui éasonable. The second aggregation time would be
[34]: a discarding FFT algorithm as a basic toot fo @PPropriate fo_r assessment of waveform d.IStOI‘tIOI’]S
spectrum estimation, as well as implementingMmpPact on heating of electric motors _[5Q] and stwuld
asynchronous sampling and next application of cdirp concern other power quality indices as well.
transform (CZT) or interpolation in the time-domaine ~ Unfortunately, except the UK Defence Standard [abf
third exception concerns a problem of THD coefiitie Polish Register of Shipping [30] the concept has no
measurement, including an extended interpretatiaghip ~ entered into related standards for power quality
coefficient and consequences resulting from theifSSessment on ships. The assumed aggregationaisterv
implementation which have been discussed in suiosect for the assessment of waveform distortions impactt o
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ship electrical equipment should take into congitien
the receivers thermal time constants [39] and atsioto
increase the number of some hard-to-interpret mta
ship crew.

The main ambiguities related to the measuremer

methods of quantities characterizing electrical @ow
quality in the wake of appropriate ship standardd a
rules, can be formulated as follows [46] and disedsin
[1], [3]: - there are no rules concerning methods o
respective parameters measurement in ship systaths &
the relevant IEC standards related to land powstesys
have not been mentioned neither in rules of shi
classification societies, nor in IEC 60092-101 ship
standard, - generally, lack of threshold value ofver
quality indices and adequate aggregation times
standards and rules of ship classification sodgtie
besides of the Polish Register of Shipping ruled dK
Defense Standards, where these kind of data irctedle
areas are included, - moreover, lack of recomméomiat
addressed to assessment of harmonic componeritg in |
frequency band above 50th harmonic in ship system:
only two exceptions are noted: Polish Register o
Shipping requires this kind of assessment in fraque
band above 50th harmonic up to 10 kHz, and America
Bureau of Shipping has recommended the measureme
of harmonic components above 50th harmonic up t
100th harmonic on ships equipped with Active Frant
(AFE) drives.

D. Instrumentation for power quality assessment on
ships

Looking at the state of the art in the field of
instrumentation for power quality assessment ompsshi
two cases can be considered: the first, for thstiexj and
now operating ships and the second one, for thdynew
built ships. The first case, related to day-to-dapoard
watchkeeping duties, is based on use of the mai
switchboard standard equipment (Fig. 9). Thi
measurement and control equipment usually consfsis
set of one-parameter measuring instruments to @ontr
such electric quantities of ship power systems lik
currents, voltages, powers, load character, freqyuend
network’s insulation resistance.

The readings from those instruments can be applie{é

for indirect determining of power quality indiceby
means of calculations. The selected power qualitices
values are described in subsection III.B. Additibnan
the measurement field of each generator the SYNPOL
unit [11], [52] (or similar) is installed. This uniin fact,

instrument functions do not comprise the assessiient
most important power quality parameters, e.g. geltar
current waveform distortions.

Fig. 9. An exemplary arrangement of the measureiuatht
control instruments in the generator field of thaim
switchboard of the existing ship [based on auth@¥ources]

The second case concerning the instrumentation for
power quality assessment on ships is related tolynew
built ships and directed to the nearest future. In
accordance with the lately updated IACS requiresient
[25], “(...) ships are to be fitted with facilitieso t
continuously monitor the levels of harmonic distont
experienced on the main busbar ...” and “(...) As a
Fhinimum, harmonic distortion levels of main busloar

Sooard such existing ships are to be measured dgnual

under sea going conditions”. Former provision ajsi
unified IACS requirements concern the ships buiiéra

eJuly 1st, 2017. Aforementioned requirements angly

linked with and dependent on the undoubtful coianitk
between the observed number of ship accidents and
chnological solutions development (e.g. harmonic
filters application) for power quality improvemefit-3],

[18], [20]. Assuming, that the application of power
quality analyzers in ship technology will be widkan in
past, a necessity to propose and introduce toshigtice

an adequate solution for isolated ship power neksves

is the multi-parameter instrument of aforementioned,pyious and justified. Looking for the suitable posal

guantities characterizing ship power plant and,thet

for ship electrical power networks, firstly, the lihenown

same time, operates as the compact device used fofy generally available solutions of power quality

controlling and safeguarding of generating set. hEac
SYNPOL”

analyzers designed for industrial, land networkseha

D device incorporates all important functions peen considered. A rough overview [46] of selected

necessary for Power Management in ship networksgytions, i.e., Fluke 435, Hioki 3196 and Poweafid!

However, it should be stressed very clearly tha th
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A in accordance with [22] show some advantagesinew operation mode-estimator). The presented devic
commented on, among others in [1], [3]. In contrang  was called “estimator-analyzer of power quality” to
main disadvantages (from isolated networks point oémphasize its relevant distinctness from the smhsti
view) of presented solutions are: use of inappeipri available on the power quality analyzers market.
measurement methods, based of FFT, due to varyinaq
frequency in those systems, next a lack of sufficie

measurement modules, e.g., addressed to propee acti
and reactive power distribution, in consequence the
limited possibilities of measurement of power digition
coefficients and, finally, a lack of possibilitiesf
measurement of steady-state disturbances in the ban } @
above 50th harmonics up to 9 kHz. In addition, dfle
disturbances registered in ship systems usuallybeas
observed concurrently, with obvious negative syperg
effect. It should be taken into account when ewuaiga
electric power quality. For example, the tempetises
of electric motor winding caused by voltage and =
frequency deviations have been significantly inseehif
supply voltage waveform and/or unbalance have oedur
concurrently [50], [53]. Taking into account presetate
of the art, to overcome the above appointed disstdges

b)

Nz anlyzer mode - ol

q‘v«&;% ESTIMATOR-ANALYZER OF POWER QUALITY
ine registr atior
Gdynia Maritime

! '“"‘"‘Ww‘-w\ ’MM’%WW
concerning the applied methods of signal procesaind) \ ‘

hardware structure of existing solutions, some aede e b
oriented to dedicated devices complying with marine
environment requirements and needs have been
undertaken, among others, at Gdynia Maritime Ursitgr

[35], [36], [55], [56].

Fig. 10. The estimator-analyzer 1.0: (a) front pkule)
example of user interface of PC for communicatioh wit

mainly to voltage quality monitoring, two modes of , o )
operation were introduced [35], [36], [47], [55]: - More detailed description and analysis of the

operation mode “Analyzer’, when all parameters offéasurement tests of the designed power quality
electrical power quality were determined and a tants estimator/analyzer have been behind the concept and

algorithm of signal processing was used, - opematioSCOP€ Of the presented paper, but more informatém
mode ‘“Estimator’, when those parameters ard€ found in related papers [35], [36], [54-56]. The
determined, whose current values exceed the limRresented example of power quality estimator/amalie
threshold values, based on the original concephaifi- @0 attempt to confront existing state of the artthe
stage signal processing and changeable algorithins 60n5|de_red area with the isolated power ne_tworte’esdls.
signal processing, for decreasing in computationaftuthor is aware, that presented example is only aine

complexity. many different, independently elaborated, solutiohthe
To complete a version 1.0 to monitor power/currenProblem described above. _ _
distribution, among generating sets working in peka Taking into consideration a continuously running

the expanded version of Estimator-Analyzer of powe@dvancements in measuring devices technology and
quality 2.0 was realized. More information abouside having in mind recommendations for ship measurement

2.0 version, functions, modifications in both, heede te€chnique described in subsection III.C, the chief
and software layers, can be found in [54-56] Théequirements concerning f[he measuring instrumemts f
proposed, newly designed and tested solution i§hiP technology applications have been formulated,
characterized by the following properties: measwrem 2mong others in: - the measurement channel steictur
of voltage, current and power parameters; broadtepm e main instrument contains the following: an inpu
of measured disturbances approximately up to 108, kH CIrcuit with anti-aliasing filters, sample-and-hatahd an
calculation of temperature factor of electrical pow A/D converter, synchronization and window-shaping
quality, assessment of load distribution among geiivey ~ UNit, if necessary, DFT processor providing the resu
sets working in parallel, correct operation undegreat ~ Coefficients, - the window duration should be 10igus
changeability of input signal parameters, additionafor 50Hz systems or 12 periods for 60Hz systems wit
option-continuous monitoring of electrical energyatity ~ rectangular weighting, - synchronization conditiotie

parameters and its conformity with respective stagel Maximum permissible error of the measuring window
synchronization with the recommended window width
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should not exceed:0,03%, synchronization with the requirements concerning the procedures for powalitgu

required accuracy should be possible within a raofget  assessment in ship systems have been slightly eghdiat
least+5% of the nominal frequency. appropriate standards and rules. For example pleeand
Aforementioned requirements basically result fromrequirements for the system integrator of the ithistion
the existing power quality standards IEC 61000{37]. system, when the electrical distribution systenboard a
ship includes harmonic filters have been precidefined

E. Legal instruments for power quality monitoring [25]. Also, the requirements and recommendations

There are many standards dealing with the probfem goncerning the level of total harmonic distortiofHP)
electric power quality. As it was mentioned in sdtion and harmonic distortion calculation have been mlace
3.3, the standards concerning power quality istuge  (he Standards [25], [27]. Observing positively #os
land, industrial grids had to be considered asptiraary ~ €forts, the still existing main ambiguities of dissed
standards. Among the standards for ship netwohiset standards and rules, have been formulated andssisdu

is a group of standards established and continyousi" the subsections IIl.C and IIl.D, respectively.i3 a
updated by the classification societies. The gradp consequence o_f the simultaneous impact of theectlat
leading classification societies has establisheg thSt2ndards on indices, methods of measurements and

International Association of Classification Soaeti nStrumentation shown in Figure S.

(IACS). The IACS consists of the following members: Summing up, the _metrologlcal aspects of power
American Bureau of Shipping (ABS), Bureau Veritasduality assessment defined on the basis ofGpe (1),
(BV), China Classification Society (CCS), Croatian&'® closely related with four components, |.e._:|oed,
Register of Shipping (CRS), Det Norske VeritasMethods —of ~measurements, instrumentation, —and
Germanischer Lloyd (DNVGL), Indian Register of standards. Presently existing amb_lgumes of t_hw_qu
Shipping (IRS), Korean Register (KR), Lloyd's Regfs quality assessment process, _appomted and discussed
(LR), Nippon Kaiji Kyokai (Class NK or NK), Polish [1'3].' [5]' are. imprecise def|n|_t|ons of related)v;ner.
Register of Shipping (PRS), The Royal Institutioh o quality |nd|ces, a_Iack of unambiguous recommemmsn
Naval Architects (RINA) and Russian Maritime Regist concerning  application  of adgq.uate algqnthr_ns and
of Shipping (RS). These societies play a vital ialship measurements .procedures, I|m|t_ed appl|cab|I|Fy of
industry, what results directly from the documerit@@S commercial solutions of power quality analyzergnéiito

strategy defined as: “The objective of ship clasatfon available on the market (e.g., for varying freqty_anc
is to verify (...) the reliability and function of ¢h SYStEMS), standards and rules concerning a comnuo
propulsion and steering systems, power generatimh a MoNitoring of electric power quality are not yet
those other features and auxiliary systems witcheha e_Xualé_St'VG_' although the last proposals are ganthé
been build into the ship in order to maintain etiagn 9Nt direction. _ _ .
services on board.” For this reason, the classifiopa _ SOMe recommendations concerning the power quality
societies’ standards are basic point of referenme fiNdices should be addressed to their exact defimsii
designers, shipowners, crew members and usersipf s specially waveform distortion indices, and definin

systems. The lists and short description of mogbiant  'IMiting values of respective parameters, depending
standards concerning the issues of power qualit}’® Parameter magnitude and time of exposure. N,
assessment in the land and in ship networks, viererrs detailed recommendation concerning the measurement

among others, [1-3], [5]. It is worth to underlingat methods and instrumentation dedicated to poweritgual

some of the standards (IACS, 2016; ABS, 2016pave b_een presented in subsections 11I.C and III.D,
DNVGL, 2016: LR, 2016: PRS, 2017) were lately €SPectively.

updated as the result of the wide discussion a&bene
accidents on ships [18], [20]. Aforementioned stadd
are the examples of the legal instruments of ship QUALITY-RELATED SHIP SAFETY
classification societies, responsible for a techinstate of IMPROVEMENT

ShipS dUring their construction and periodicallyl,ridg Power Qua“ty - related Safety improvement may be
their exploitation. Classification society rules img  executed by the means of technological solutionsnor
refer to normal operation of electric networks ofresult of the staff competences development. A tjcap
commercial ships. These rules, in general, haveaken jjlustration of the ways of power quality-relatedfety
into account the significant upcoming changes ie thimprovement en route to reduce ship accidents based
network field and are rather poor in stipulatingthe concept presented in [4], is shown in Fig. 11.
standardized termin0|ogy and limitations. A worth Tak|ng into account author's team research
mentioning exception noted in [31] was that of LB],  experience and numerous case studies describeuein t
where in case of naval ships it makes reference tgelated references [8], [18], [20], the most freue
STANAG 1008 [57]. Other new trends were observedeasons of power quality disturbances, often leadmn
after the accident of RMS Queen Mary 2, when somgcrease a risk of ship accidents, are: influentéhe

IV. METROLOGICAL ASPECTS OF POWER
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power electronic devices installed in the considere A. Power quality - oriented technological solusbn
system, switching processes and overvoltages peavok  development

by them in distribution switchgears and electrical Haying in mind, previously described features dpsh
consumers, failures of important elements of th&tesy  power network (Subsection I.B) a serious problem of
(e.g., harmonic filters cooperating with shaft gewers  power quality deterioration appears. Because of the
or main electric propulsion), carelessness in @sig relevant influence of this deterioration on shipdan
carrying out, maintenance and diagnostics of tretesy,  shipping safety, expressed by the observed du@sg |
human errors in the system operation. years increasing number of ship accidents dependent
L among others, on power quality problems [1-3], [18]

[20], the problem of power quality - related impeovent
= Power PQ - related Reducing a . . . .
Jeveloomen ; Gualty [ 2] Safey {—>] nsxorshi (Fig. 11), in both, technological solutions and ffsta

Assessment] Improvement accidents

competences must be solved. Firstly, a short osenaf
Legilaive power quality - oriented technological solutionsthwi
paying attention to the related metrological aspast
L — presented below. This overview is based mainly hen t
mmﬂ o s works [1-3] and [5]. Technological solutions aree th
S subject of activities and cooperation of the shipers,
EohE designers and users of the ship systems. They ean b
“eve'}’t"""e"' considered and undertaken at the design stage hand t
T Programs [ e exploitation stage of the considered ship, respeigti At
7 the design stage some recommendations concerning th
relaed 0 techrologca | | _Estmaton of st | related solutions should be considered, like geaeeand
5°'“"°"5| | ! receiver construction, a separation of disturbing o
susceptible loads and the technical tools, likeerfil for

mitigation of harmonic distortion in the analyzed

Fig. 11. The ways of the safety improvement relatgmbwer systems. The exploitation stage is usually conueaféh
quality on ships en route to reducing of ship aeais, the power quality management, it means the reconfigamat
boxes marked with blue color are refered to PQ-edagafety ~ of ship power plant and load sharing control, idahg
improvement resulting from technological solutiamsl staff switching on and off harmonic filters. At the shipstem
competences developments, respectively; with yetiw €to  design stage, it should be taken into account that
metrological aspects of the analyzed problem impedance of a marine generator is also normalltequ

The last one, is a dominant cause of the accidents high compared to that of the utility's transforn{ég].
sea according to the International Maritime Orgatign T NiS results in a larger voltage distortion at Swurce
statistics. To keep power quality in accordancéship vyhen harmonic currents are _drawn by_substantlaL non
industry standards, and to reduce a risk of shqidaats ~ linear loads such as the main propulsion motor powe
it requires performing of the appropriate measufes. Converters. As more generators are added tollrmrtém:s
improvement of power quality - related ship safedy be ~Power generated, they also have the effect of lmgehe
achieved in the two parallel ways: by means of gisinoverall impedance, reducing the amount of harmonic
appropriate technological solutions, connected wita ~ distortion [8], [12], [18]. Taking into account al®
three first of the five aforementioned reasons &yd Mentioned effect an important recommendation for
increasing of the staff competencies and skillteel to ~ designers is to install generators with a largetsaisient
the two last, remaining reasons. The first optian, reactance [18]. An illustration of this phenomenbased
improvement resulting from appropriate technologica®n the experimental study results [12] is showrFig.
solutions is usually connected with the design and2- . _
development stage of the ship systems, the latter-@n The expenmgntal _study was pased on the electric
increasing of the staff competencies and skillshwit POWer plant configuration of the ship m/v “Horyzdtit
exploitation stage of these systems. Adequatetgleaof ~ roughly presented in subsection I.A, Figure 1. &hre
the measurements consists in assessment of powafityqu configurations of the ship power plant have been
parameters in the ship systems in the first stagd,in ~ considered [12]: one generator working alone armi dw
estimation of the staff competencies and skills fothree generators working in parallel. In all coeséti
ensuring the exploitation safety of the systemseund cases the load has remained the very same, with bow
consideration - in the second one. This last asfeect thruster as dominant component. The exemplary gelta
immanently connected with diagnostic measurementyvaveforms recorded for bow thruster full load and
being a basis for correct and safe control, maarntes, Vvarious power plant configurations are depicteéigure

and diagnostics and repair of electrical and edeitr 12 based on [12]. The registered power quality
installations on shipboard. parameters were measured on the busbars of this ship

Metrological aspects of considered
developments evaluation
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main switchboard and they covered, among otherf), TH compensator attracts a relatively large degreeaohbnic
TWD and TWD2.5-10 kHz; previously defined in currents, which would otherwise be injected inte libad.
subsection 111.B, by Equations (9)-(11). The THOues The induced voltages in the compensator are eaflgnti
have been calculated on the basis of harmonicsinusoidal, therefore the output voltage will albe
subgroups, up to the frequency of the 50th harmdmit relatively sinusoidal [8].

TWD has been determined up to 10 kHz. The In addition, at design stage, we have considered a
instantaneous values of the above-mentioned indicafivision of the power system into independent
(including also content of respective harmonicssubsystems with individual power supply sources gor

subgroups, SGH) have to be determined. ship power station with total power upper 3 MW (kg

a) 3). Under these conditions the SOLAS convention [59
o0 1 THD =7,91% recommends, the main switchboard should be divided
w ﬂ SGH=6% ﬂ into ‘Sections’. Another recommendation for designis
that loads with increased sensitivity for changds o

voltage supply parameters and devices with special

OJ s X s J pa } 5 © significance for ship safety should be suppliedrrthe
\ separated sub-system. Alternatively, disturbingl$oean
a0 be supplied from dedicated generators, if their lmioed

power is relatively small. Metrological aspectsatedl to
t(ms) power quality - oriented technological solutionsthag
design and development stages of the ship systeens a
b) o THD = 4,77% mainly concentrated on assessment of power quality
. SGH=3,72% indices (mainly waveform distortion indices) resut
from the reconfiguration of ship power plant, irgilkg
\ load sharing control, and the switching on and off
s m\\ e /{o % 3(\ » o harmonic filters. Procedures of their defining and
e determining were previously described in subsectiGn
\_/ \__/ and illustrated by the example shown in Fig. 12m8&o
00 valuable information concerning these metrological
a0 aspects may be achieved in the way of the shipesyst
tims) modeling [5], [18].
Continuing a discussion on possibilities to improve
o THD = 3,70% power quality - related ship safety on the basis of
7%"‘5:2’92% technological solutions, it should be noted, thaere
complying with all recommendations concerning the

/ effective configuration of ship power system, figal
0 s : s o . ® fo harmonics and other disturbances in marine systems

u(t) (V)

u(t) (V)

cannot be omitted altogether. In fact, there anersd
methods, shortly described in [2], used to mitigtte
effect of harmonic distortion in the systems under
t(ms) consideration, including, among others [8], [4238],
[60-62]: passive or active filters, increasing thanber of
Fig. 12. Exemplary voltage waveforms recorded onlaws of ~ pulses in power converters, by using multiple phase
main switchboard during bow thruster operation fomeo shifted secondary windings in propulsion motor dupp
generator working (a); two generators working in péed(b);  transformers, using other specialized constructiameal
n?ggntzzigsegfragg;‘gt‘;ﬁ";% 'Z&i‘allﬁgfﬁ);n:;'me technological solution. Usually, harmonics filtest the
busbars of the mF:iin switchboarF():I, S,Gl-?:onte)r/n of harmonic paSSIV.e filters .type, ConSIStl.ng of a .tunnel citcof
subgroup of n order, based on [12] capacitors and inductors p_rowd.e a low mpedand:b 022
the predominant harmonics, in the electric networks
The studies have shown significant changes of th&heir operation relies on the resonance phenomenon
level of voltage distortions which depends on tleeteic  which occurs due to variations in frequency in icidus
power plan configuration with a single rule: fewerand capacitors. In many cases, to increase eféaais
generators, more distortions. The detailed rese@siiits  and reliability of harmonic distortion mitigationhet
are presented in [12], and additionally commentedno  multi-step solutions, e.g. based on passive hammoni
[1], [3] and [5]. A very similar effect based oneth filters, supported by multi - pulsed systems andtipie
additional reactance of the synchronous compensat@thase shifted secondary windings in propulsion moto
(Figure 2) occurs in the power system aided by tshakupply transformers are used (Fig. 13), based &h [1
generator. The low harmonic reactance of the
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Power quality measurements
before and after filtering

ﬂ
}\ % 3AC 11KV /60Hz
7 |

Stepdown
double-wound phase
shift transformer

Network
rectification
bridges

Motor
inverter
bridge

Fig. 13. The example of power converters for prapalsnotors
based on the Figure 13. The example of power cosngsir
propulsion motors based on the RMS “Queen Mary1B][

PC, power converters; M, main propulsion motor; boxes
marked with orange color (PC) are referred to worsgnéffect
of power quality; and boxes with green color - to iaye
power quality based on harmonic filters (HF) and tipulsed
systems and multi-phase shifted secondary windmgspply
transformers, boxes marked with yellow color arerrefito

power quality measurements

A presented example is based on the configuratio
illustrated in Fig. 3 and concerns high voltagewuek,
where a dominant load of the system is represebyed
four main propulsion motors, each of power abou

20MW. The main propulsion motors were supplied

through step down double wound phase shif
transformers and power converters. In [18] one faah
more detailed description of the power
modules: “
thyristor controlled and supplied the synchronoustan
at a frequency to provide the required propellezesh
The electrical phase shifting achieved by the estiha
transformer secondary winding output, combined \ith
full wave rectification process resulted in 4 pslgger
phase and 12 pulses for the 3 phase supply to titerm
this way a 12 pulse converter was selected beazfuse
level of harmonic distortion compared with othguey of
converters”. For the 12-pulse converters fitted @2
[18] the predominant harmonics were at the mulsiflé,
13, 23, 25, 35, 37 and so on of the fundamentglLizacy
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converter
...Both the network and motor bridges were

60 Hz. To mitigate these harmonics and to keep the
harmonic distortion level under 8% [28], the harigon
filters were installed. Each HF consisted of twd-su
sections tuned to resonant frequencies equivateibe
11.3% and 4" harmonics, and referred to on board the
considered vessel as rank 11.3 and rank 4, resphcti
[18]. However, even this multi-step mitigation hamc
solution, could not protect the system against ipresly
described technical failure and main consequeneeinm
casualty [2, 18].

Another kind of power quality correction system is
based on the active power filters [61], [62]. Aetifilters
treat harmonics by measuring the level of harmonic
current present in the system and injecting cusrevit
opposite polarity to cancel them.

Power
befo

Load curre n analysis

3AC, 440V / 60 Hz

Fig. 14. Ship electrical power network with shunt A&&Fpower
quality correction system, designations of colaes similar to
those in Fig. 13, based on [65]

An example of ship electric power system equipped
with the power quality improvement modules is shown
Fig. 14 [63],[64]. In the presented network, theioear
loads, like AC PWM drives, cause distorted linedoa
currents, which through the voltage drop on theegator
and line impedances are subsequently transfertedtia
distorted voltage supply on the busbars of main and
auxiliary switchboard in the ship electrical power
n . .
systems. To counteract this adverse phenomenagésul
necessity of, firstly, fast and adequate detectafn

tanalyzed, usually significantly distorted load et

waveforms [63], and, secondly, a precise contr@aive
power filter with the use of appropriate algorithrios
compensating current generation [64]. The firsk t&s
usually based on the use of instantaneous regotiver
theory of a 3-phase circuity(+ i; method) [65] and their
developments, e.g. [63], [66], [67]. The second @e
mostly solved by the use of tracking PWM control
algorithms and their modifications, among othersicep
Vector Pulse Width Modulation (SVPWM) [64], [68],
[69]. Analyzing the metrological aspects of passarel
active power filters implementation, the passiveveo
filtering is mainly oriented to the designing dtdrs with
appropriate resonant frequencies, and next, wigttkihg
the required harmonic distortion level on the busbin
other words, an effect of harmonic mitigation. Aeti
power filtering is basically related to control thevel of
harmonic line load current, and finally, the levef



distorted voltage supply on the main bus bars. latem  arrangements, to the arc-flash accidents or to the
of this problem mainly consist in appropriate erroneous operation of the protection relay systems
algorithmization of the processes of harmonic daiac respectively. The analysed situations, led to the
and compensating current generation, it means, ya kexplosion, fire or loss of main propulsion and iiles of
point is focused on elaboration of the procedurés omanoeuvring, in consequence, at least to economical
measurements, adoption of the suitable signal pedog losses. In some well documented cases, the competen
methods and adequate algorithmization of the aedlyz bodies to investigate the circumstances and reasbns
processes. But finally, the effects of the actileering  ship accidents, could only indicate hypotheticahtécal

are evaluated with a use of the power quality ieslic reasons for failures [18], [72], in other casesythe
concerning the waveform distortion (SubsectionBll). concluded about undoubted ambiguities within KUP
but related not only to the voltage, (like in these of competences (knowledge, understanding and profig)en
passive filters), but to the line load currenttfis§all. of watchkeeping officers [18], [20] in IMO meanifif0].

The last group of methods for mitigation of harnwni Sometimes, two components, technical and competence
distortion is connected with other, than previouslyrelated occur together [18]. With regard to thstfitase,
analyzed, specialized constructional and technoddgi concerning the catastrophic failure of a capaditothe
solutions. This group covers, among others, thegoow aft harmonic filter (HF) room on board RMS Queenriva
factor corrected power supplies, reactors and choke2 [18], the report under consideration concludad: HF
Some information concerning these solutions can beapacitor degradation was probably caused by a

found in [8], [42], [60]. combination of transient high voltage spikes due to
frequent switching operation and occasional network
B. Staff competences development overvoltage fluctuations. However, the most impuoirta

Looking at Fig. 11 and appreciating a significasier ~Observation is, that the only protection against
of technological solutions development, we canoogdt ~ catastrophic failure of the capacitors was a ctrren
about the “human factor”, as one of dominant reasafn imbalance detection system [18]. A current imbatanc
power quality problems in recent years. Bearingnind, alarm detecuo.n system 90r1_3|sted of the current
that the human error can be caused by differersoreg ~ transformer, which primary winding was connectetht®
for the need of this paper a notion of human efilaman ~ capacitor circuit. Secondary winding of the current
factor) is understood as a personal, individualtatte of ~ transformer is linked to a current imbalance déect
the crew member, depended mainly on his adequaf€lay [18]. Under normal conditions, little or narcent
qualification, confirmed by certificate of competes Should have flowed through the transformer (Fig). 15
[4]. Human factor is very strongly and inseparablyWhen a capacitor degraded, the current flow actoss
connected with the staff competences, understoati arfircuit became unbalanced and induced a curretiién
interpretated in the International Maritime Orgatian transformer’s secondary winding.
meaning [70] as: “Competence is the possessiomef t  saciicvisor
skills required for the award of Certificate of

HF overload alarm

Competency”, commented on in [71]: “... at sea, cr
competencies more likely to be defined as a capaait <> 7 :j
do a job efficiently in any circumstances likelyddse”. CTCJ

HF
circuit  ——>|
breaker

In this context, a working hypothesis is formulatedhe
way [4], that “... a rapid and substantial technotadji
progress in electrical and electronic engineeringsloips
causes a competence gap of watchkeeping office ;‘

HF }
responsible for control, maintenance, diagnostiosl a i

Imbalance
alarm

repair of electrical and electronic installatiomskmard of
ships”. It should be expressed very clearly, that
aforementioned technological progress does not onl #
guarantee full ship safety, but inversely, can evaunse
additional hazards, because of the technical coxitplef
new solutions, their hardly predictable interacsi@nd a Fig. 15. Block diagram of the monitoring of harmofilter
need for better trained and qualified crew onbofid operating parameters; ICDS — imbalance current dedec
[18], [20]. In result, the competence gap docunditg system, ClI — current imbalance indicator, CT — catre
the recorded in several last years accidents amit th  transformer, IAS —integrated automation system| GU
consequences [1-3], [18], [20], [72], creates d teeat graphical user interface, ECR — engine control rodnmxgs
for safety of shipping. A short overview of those _ Marked with yellow color are referred to power quality

. ) . measurements, including a monitoring of vital paedens
accidents [18], [20] allow to appoint some categ®ri
related to the capacitor failures in different aits and The detailed description of the threshold values fo

ICDS HF imbalance
CT current protection

(| -
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imbalance alarm and triggering processes can helfou Another well documented [20] situation is presented
[18]. A block diagram of the monitoring of harmonic and commented on in [2]. This case concerns a slead
filter operating parameters based on [18] and apexl caused by the failure of a generating set’s cirorgker,
by the author, is illustrated in Fig. 15. in the ship power system at 6.6 kV voltage. This
It is important, that a current imbalance detectiorhappened during a passenger ship voyage m/s
system and the overload current sensors in thetséif i STATENDAM and it has been described in [20]. A lack
have been linked to circuit breakers of HFs, andllfy,  of adequate analysis of protection relay operatias the
to integrated automation system (IAS). The idea ofeason for a serious fire and loss of main propalsihe
combined monitoring of harmonic filter operating vessel was subsequently towed back to port. Coningent
parameters with a use of engine control room djspda this accident, the same report [20] concludes: ‘evesal
described in [18]: “When the IAS received an imbak  opportunities to determine the problem with DG2 aver
or overload alarm from an HF, the duty engineerldou missed”. But the most intriguing were the staterment
interrogate the graphical user interface (GUDhie ECR, formulated by the Transport Safety Board of Canada:
which indicated the rank of the HF which was inrala firstly, “None of the senior engineers onboard had
The GUI display for both the overload and the irbak  theoretical or practical education in 6.6 kV getiera
alarm was combined, and read “OVERLOAD /distribution and troubleshooting” and secondly, &Th
UNBALANCE (...) as a one indication at the display”. seafarers Training, Certification and Watchkeeping
After the accident, the transformer’s windings wienend  (STCW) code however, does not identify electriciass
to have failed. This caused the alarm display &oli@mA  seafaring profession and does not specify a minimum
(Fig. 15) giving a false indication that the capars were internationally applicable standard for their edigra
in good condition. And finally, although detectiohan training and competence” [20]. In other words, the
unbalanced current was the only protection system f indirect reasons of the damage was a lack of seiffic
harmonic filters, it had no backup and did not fafe. qualifications of marine engineers and simultanbgus
Routine tests of the system were by the secondargmt lack of electrical engineers on board of the ship.
injection method, and by-passed the transformeottier  Presently, the situation is much better after the
words, the only means to warn against capacitointroduction to the current version of the STCW
deterioration was found to be inoperable, and is waConvention and Code [70] of the international
evident that it had not worked for several yearsnéans qualification for Marine Electro-Technical Officers
that indirect reasons for this accident were a latk (ETO). Afterward, the new Model Course for Electro-
continuous monitoring of electric power quality wsll ~ Technical Officers, as a new tool supporting ETO’s
as shortcomings in ship tests, service and operatiostandard implementation was created and accepted by
Moreover, in the previously cited report [18], wandind  IMO [73].
another observation, which concerns the fact, that Overviewing aforementioned cases from the
harmonic distortion was not routinely measuredervise  metrological perspective of power quality - relatgdp
as the crew were not aware that they had supposieelly safety improvement the two components should bentak
appropriate measuring equipment on board. This caseto account. Firstly, the diagnostic measuremedots
confirms objections concerning the lack of apprafgri critical equipment, like the main circuit breakessd
qualifications and competences of crew membergprotection devices, and secondly, a human factbos&
especially within the power quality measurementsdiagnostic measurements are inseparably connedtbd w
including the monitoring of vital parameters. Thethe harmonic filters operation, which are not otihe
analyzed example, based on monitoring of the halenonbasic technical solution for harmonic mitigation ship
filters operating parameters, being in fact a kofdhe  systems, but also one of the most frequently fgilin
diagnostic measurements, leads to finding somerotection devices. For this reason, the measursmen
ambiguities and inaccuracies in both, human eramd addressed to monitor of harmonic filter operating
present design, testing and maintenance procedilines. parameters belong to the basic and vital measursnien
most of them has been appointed in the relatedrt®po the considered systems. Assuming, that the tecdhnica
[18], [72]. With regard to the described and anetyz layer of these measurements, concerning in fact the
situation the main discrepancies concern: insdffiti adequate indices and methods, is defined and
knowledge about protection systems of critical desi implemented into practice (e.g. Fig. 15), only some
for ship power plant operation, harmonic filter fgtion  aspects of the ergonomy, user friendly readingsthei
system had no backup and did not fail safe, ernemeo interpretation as well as the measurement datasfaan
approach to current transformers design and tedtengl-  inside the monitoring system of harmonic filter catang
to-interpret data and difficult use of the monitgyi parameters could be considered as a subject thitefbei
equipment of harmonic filter operating parametersappointed components. The latter component - a huma
human errors in ship tests, day-to-day routine anéactor - in author’'s opinion, is critical and furdantal.
periodical service and operation. This component concerns not only the processes of
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diagnostic measurement, but first of all, the stapts, competence for Electro-Technical Officer (ETO) [#0]
day-to-day service onboard of the vessel, as welha (the example in Table 3) covers not only the rezpaints
operation and maintenance of the electronic antiredal  related to power quality, but also to other fields
installations on shipboard. In consequence, thdf stawatchkeeping officers duties.

competences development appears as a key problem,

|n_(;Lud|ng an f|ssue of Iestlmatlotn dOf. tdh_es? CO?F:HS?C Table 3. Specification of minimum standard of caepee for
with a use ol commonly accepted Indicalors. @210 Ejoctro-Technical Officers. Function: electricaleetronic and

many studies have been_provided [71], [74], in orde control engineering at the operational level.
improve staff competencies, as well as to evaltlage
processes connected with the staff competencgs2umnl  Column2 Column3 Column4

. ompetence  Knowledge, Methods for Criteria for
development. A discussed problem of the staff® understanding and demonstrating _ evaluating

competences development, and_next, the evaluation o proficiency competence  competence
this process, should be considered in two layers: ; : :
quantitative and qualitative. The first aspect sstiom  —5 o and Theoretica Examination _ Operations
the state of the art in the analyzed field of redeavhich  maintain knowledge and assessment are planned
shows that worldwide shortage of qualified seafateas  power High-voltage of evidence and carried
been caused due to rapidly increasing world metchargystemsin  technologySafety  obtained from — outin
fleet on one hand. and the difficulty of attractinad excess of precautions and one or more of accordance
- Rk S M Yy 9 1000 volts proceduresElectrical the following:  with
retaining people in the shipping industry on thieeot4], propulsion ofthe 1 -approved  operating
[75], [76]. It is obvious, that a quality of seades’ ships, electrical in-service manuals,
preparation to the profession depends not only hen t ’S“‘;tt‘;rrf] :”d control gXpae”egf/ee' p fjteasbg‘:‘ge‘j
offered lecturing labs and simulator facilities l@algo on y traini% ship  procedures
the study competitiveness. This competitiveness is Practical knowle experience, to ensure
directly connected with the number of applicantsl an dgeSafe operation 3 -approved  safety of
students who follow the study programmes, dedicated ﬁ%%_?g;{:ggance of tsr';‘i‘r‘#r?éozvhere operations
future ship officers. So, an increase of the numblker systems, including  appropriate
candidates to seafarers’ profession, and nextpenease knowledge of the 4 - approved
of the number of watchkeeping officers confirmed by special technical  laboratory
adequate certificate of competency (in the disalissse, type of high-voltage - equipment

systems and the training

the Electro-Technical Officer (ETO) Certificate)ean danger resulting
primary, for basic question, how to solve a probleim from operational
appropriate, high qualifications of the crew mensber voltage of more

Quantitative measures of the discussed problemndepe than 1000 volts

on many factors, among others, on changes in IMO
instruments, organizational evolution of the MET, ) _ )

qualitative improvement of the new ETO’s certifeat ~ LoOking at the Table 3, it can be summarized that t
demographic trends and education conditions irgthen four-column specification of minimum standard of
country, etc. Some analyses, concerning the infleesf ~ competence [4], [70], covers the list of tasks ieiiand

the change of IMO legislation on the increase @ th responsibilities (column 1), the list describingnimium
quantity of ETO's certificates and students, basedhe ~theoretical and practical knowledge, understanding
Polish case study, are presented and discussédl ifife ~ Proficiency (KUP) required for certification (colum)
second aspect, qua"tative one, is a very Senm of and the list of eVldence, of haVIng achieved th:ﬂde

the staff competences development. A need to dpwelo Standard of competence (column 3 and column 4). The
highly qualified staff, results directly from thack of €xample presents the description of competence
good practice related to ship operation safety mpee ~ dedicated to power systems in excess of 1000V,gbein
before, and described in [18] with clear suggestiorPne of the most important competences in the dégrlis
formulated by competent national bodies, that messu field of power quality in ship networks. This spfemation
should be undertaken to overcome existing drawback§ the basis on maritime training and education {Witer
and future threats. Taking into account an undalifset, ~ Electro-Technical Officers. A complete specificatio
that highly qualified staff fulfills better its ooard, includes 16 competences aggregated in three fumsctio
watchkeeping duties, the power quality - relatetbtya [4]. [70]: Electrical, electronic and control engaring;
improvement of ship operation will be achieved. art ~Maintenance and repair, and Controlling the openatf

is aware that the power quality - related safetfhe ship and care for persons on board, all funstio
improvement is a specific part of ship safety ashale, congldered at the opefauonal IeveI..It is wortldiag,

and the staff competences described in IMO docwsnenthat in the IMO International Convention on Stanisaof

by means a specification of minimum standard off raining, Certification and Watchkeeping for Seafar
[70], in Section A-1/6 dedicated to training and
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assessment, one can find a very clear explanatat, [74], where the authors concluded: “There shouldabe
“Each Party shall ensure that all training and sssent decisive reverse in financial outlays for technglog
of seafarers for certification under the conventimn(1) development and crew training i.e. 80% of finances
structured in accordance with written programmesshould be devoted for in depth training and less fo
including such methods and media of delivery,continuous development in technology with the crew
procedures and course material as are necessary dannot catch up”. More information concerning tsisue
achieved the prescribed standard of competence(2nd are presented and commented on in [4].
conducted, monitored, evaluated and supported by Thirdly, the aforementioned examples of the lack of
persons qualified in accordance with paragraphs'.(A.) good practice related to ship operation safety kshbe
guestion is, why numerous cases of the gap in stafomprehensively described, analyzed and used as an
competences were noted, although the IMO requirésnenimportant tool for seafarers education. This idea i
in this matter are clear and unambiguous? There@r® discussed at the IMO forum [77-79], in related IMO
reasons of such situation. documents accompanying the 4th session of the Sub-
Firstly, a problem of general knowledge of the crewCommittee on Human Element, Training and
members responsible for Electrical, Electronic andNatchkeeping (HTW), where some very important
Control Engineering tasks realization. So, it isllse proposals have been included, among others: *
difficult to state that the graduate from usualvensity illustrate marine casualties as detailed as pasgibbrder
course, such as Electrical Engineering with a Basito facilitate maritime lectures to replay or sirialdhem
Training for Seafarers could be automatically gedrthe  more precisely and to help seafarers to better ratated
relevant Certificate of Competency (CoC). It depend  the causes of and lesson learned from casualtieagh
the programme of the university course (or othetraining and education ...".
appropriate educational institution) in compariseith Discussion about the staff competences development
the mandatory minimum standards established urder tin the wake of the previously appointed threats and
STCW convention for a given certificate of competen proposals which leads to solving the consideredlpro,
Basic Training for Seafarers as per STCW [70] is th cannot avoid a question concerning the estimatfahis
necessary condition for obtaining the relevant QoC development. Some existing conditions and related
this case ETO certificate), but is not sufficieflthe circumstances must be taken into account. Witanadtp
programme of the Electrical Engineering universitythe maritime education and training processes imyma
course must comply with the mandatory minimumcountries the different forms of the measurabléciaitrs
requirements for ETO. The simplest way of suchare generally accepted and used, like the numdiical
comparison is to confront the considered programofne grades, weighted grade average, grading scales,
the usual university / appropriate education ioSth  qualitative scales, the minimum marks required for
with a Model Course: Electro - Technical OfficeB[7In  approval, etc, presented and discussed, amongsoitiher
the forward of this Model Course, published and[80]. Although these indicators are often basedthua
circulated by the IMO Publishing, it is stated: ¥¥h European Credit Transfer and Accumulation System
model course aims to meet the mandatory minimunfECTS), it is very difficult to compare those syateand
requirements for knowledge, understanding ando find a “common denominator’, because of the
proficiency in Table A-ll/6, of STCW Code for the differences and customs in different countriespanethe
function of Electrical, Electronic and Control Engering commonly declared community, like European Union.
at the Operational Level, for the function Mainteoa This evaluation, and later, comparison, is esplgcial
and repair at the Operational Level and the backgito difficult in the part of education and training @anning
knowledge to support Controlling the Operation dfpS the practical skills, which play a decisive andatalirole
and Care for Persons on Board at the OperationadILe in forming the manual excellence of the crew mersber
If the results of the comparison show the importanRemembering, that “... at sea, competences moreylikel
differences, the gap must be compensated in the wag be defined as a capacity to do a job efficiemlyany
indicated by the relevant National Maritime circumstances likely to arise”, there is a questtoyw to
Administration. evaluate the crew member’s readiness for and behavi
Secondly, continuously running progress in shipand reaction in unpredictable situation? The latter
technology requires not only some changes andbservation is not only a fundamental one, butlsba
completions of the teaching and training programufes creates a challenge on how to measure the non -
the STCW Convention signatories, but also creatifba  measurable psychological and behavioral phenomena?
new and modernization of the existing laboratorigish ~ Perhaps, one of the possible ways to evaluate amum
a use of simulator technology [4]. To face thisi@iion, it  reaction and behavior “in any circumstances likedy
is necessary to change our approach to the crémintga  arise” will be the “Emotion Detector” concept [8Hs a
which is all the time underestimated by the maeypts one of the future measuring tools for assessmethef
at the shipping market. This observation can bedom crew members professional competences potential.
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V. CONCLUDING REMARKS AND FUTURE periodically)”. In this context, the future chalfas and
CHALLENGES expectations concern the implementation of the yewl
designed, and commonly accepted power quality nepdul

A pres_ently existing problem hO\.N. to harmomze nstalled in main switchboard for continuous monitg
technological advancement and maritime educatiah Ao level of harmonic distortion and the impleméiota

training en route to improving safety of shippiylast of the portable measuring instrument for the redilin of

et 1 closely telle il e relalons, Bmwani e Same task. The former,satonary opton ey
power g Y L dedicated to the current detection of power quality
challenges concerning the power quality assessaraht

related ship safety improvement it is necessary t(()1eter|orat|0n and looming the corresponding threBiss

continuously develop technological solutions andffst option shouild be linked with the ship alarm systdine

competences, as well as to update the IegislatiVlatter, portable option is planned to the controtautine

) . . . Sower quality troubleshooting, as well as to theqabcal
Irgitsr? rg:nvt\;se”mb atllhaen C@grgmeaisdicéog E‘és aﬂzvilggn tirc])realization of continuous monitoring of the harmoni
and procedures for measurement of ;ppropriatgiy\etdaf distortion level, like stationary version. A desigh the

ower quality parameters and for evaluation of powe <. measuring devices will be good opportunity does
power q y P . . OWES, e other power quality measurements, for example
quality related processes, including sociolega

phenomena itherto avoided by the classification societiedetection

Metrological aspects of power qualit assessmentOf transient disturbances.
9 p b q y ' Metrological aspects of power quality - related

defined on the basis of thépq vector components (1), improvement, concern the estimation of PQ indices

are closely related with four elements, that istiéges of : :
. ; . .related to technological solutions development #mel
power quality, methods and instrumentation for rthei . ~ .
estimation of staff competences.

measurements and related standards. Presentlyngxist PQ-oriented technological solutions development

ambiguities and inaccuracies, concern all aforeioeet improves the power quality - related safety in tray of

components,_but future challenges gnd expectasnes . technological progress confronted to and accompanie
connected with the advancements in signal procgssin

(subsection 111.C) and in measuring devices tectmpl with PQ measurement indices checked before and afte
(subsection III.'D). These advancements are reguhiot reconfiguration of ship power plant (including catof

onlv from the fact. that power quality measuremants & number of generators working in parallel and load
Y ’ power quality . sharing control), as well as checked together witise of
ship networks are executed in a different way thdand

industrial networks, because of the very differentthe considered and described technological solsition

characteristics of both systems (subsection 11}, thay (subsection 1V.A) at the design and exploitatioagst

are also stipulated by updating the related staisdand respe_zctlvely. Anz_allyzmg the _metro_log|cal aspects of

X S - . passive and active power filters implementationg th
requirements of classification societies. For examm assive power filterina is mainlv oriented to  the
result of the post-accident analyses and reportthef P P 9 Y

: . designing of the filters with appropriate resonant
competent bodies, concerning the case of Queen Imaryfrengjlencgi]es and next, with chggkin% the required

some important power .quall_ty ) relateq regmat'.on%armonic distortion level on the busbars. Activevpp
concerning harmonic @storupn for Sh'p. ele<?m(:a'filtering is basically related with control the kvof
distribution  system, including harmonic f'ltersqharmonic line load current, and finally, the level

Sgbjﬁgtrfgmé”'[z)c’)f ha\llﬁtelr)r?aet?ongfceisgoctig;o#n'f'gfd|storted voltage supply on the main busbars. At
q of this problem mainly consist in appropriate

Classification societies. These regulations detfiraé “the algorithmization of the processes of harmonic diac

total harmonic distortion (THD) of electrical digtation . ) . )
. ; 8 - and compensating current generation, i.e. a meficdbd
system is not to exceed 8%", next, “the ships [ ard to . . _

: . o . . component which is focused on elaboration of the
be fitted with facilities to continuously monitdnd levels d f dobti f 1h itabl
of harmonic distortion experienced on the main busts procedures of measurements, adoption of the seita
well as altering the crew [ 1", and finally, “as signal processing methods and adequate algorithioiza

9 e Y of the analyzed processes. The effects of actlterifig

an')glrrgug’d?aégsot?rzc dslfﬁog'c;r:elet\éelt;‘:'eoygizrzgsgwnuapre evaluated with the use of power quality indices
g P y oncerning the waveform distortion analysis (subsec

;Iendj;t;enasgg:)nr?e;ogr?glalsll .tnggfsei '}g\gslﬁr:'snﬁ'ﬁmiime 11.C), but related not only to the voltage, (likethe case
9 P Y of passive filters), but firstly to the line loadreent.

Regular montoring of electical networks. should be, NeX: PQ - related siaff competencies development
9 9 and its estimation (subsection IV.B) is determihgdhe
two components: diagnostic measurements and maritim

Lducation and training programmes and procedures.

transient voltage spikes, resonances, and excessiyge . X . .
. . i . : fagnostic measurements fulfil a crucial and witdé for
harmonic distortion levels (either continuously or
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the ship operation safety, and, as it was showethby REFERENCES
examples of a lack of good practice and the repafrtee [&]
€

. Mindykowski, J., Power quality on ships: today and
analyzed accidents prepared by the competent, w y quaiy b y

tomorrow’s challengesProceedings of the International

internationally recognized bodies. The recommendati Conference and Exposition on Electrical and Power
called “safety lessons” for the previously mentidne Egg'lr]‘l?g““g (EPE), lasi, Romania, 16-18 October 2014
Eeport [].'8] include, among qt_hers, thg recommeod_afl [2] Mindykowski, J., Tarasiuk, TRProblems of power quality
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