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Abstract—Based on the controlled parameter speed and acceleration change measurement along with 
use of a current-limiting reactor, short circuit currents protection efficiency increase system has been 
proposed. To achieve this goal, a number of auxiliary tasks have been solved: the parameters of the 
system elements under study in relative units have been determined; math model of the system under 
study has been developed with subsequent modeling; advanced control formation system based on the 
application of the speed and acceleration measurement of the controlled parameter has been proposed. 
Analysis of the research results showed that the application of the proposed system will improve the 
protection efficiency against short circuit currents by limiting the value of peak current along with 
elimination of disadvantages associated with the current-limiting reactors use, such as voltage drops and 
power losses in transient conditions which confirms the perspective of proposed system. 

Index Term—Protection efficiency increase; current-limiting reactor; short circuit current. 

I. INTRODUCTION 

Short circuit (SC) is the most severe and 
dangerous emergency mode of ship electric power 
systems (SEPS). Reliable operation of both SEPS 
and the ship as a whole depends on how efficiently 
the automation systems provide emergency 
protective functions. 

During SC, the current increases extremely which 
causes a significant increase in electrodynamic load, 
which can lead to a damage of electrical equipment. 
Also, there is an increase of losses in contact joints 
and conductors, leading to overheating, as a result of 
which damage can occur of both insulation and 
conductors. In addition to above mentioned, SC 
leads to a voltage drop in the ship's electrical power 
network. As a result, it may cause an emergency 
stop the electric drives of ship mechanisms. 

SC in SEPS has several varieties: three-phase; 
two-phase; three-phase, two-phase and single-phase 
to the earth. While that the currents are extremely 
exciding nominal values of marine electrical 
equipment. Despite the fact that a three-phase fault 
in the number of accidents does not exceed 10%, it 
remains the most dangerous in the SEPS and is 
largely determining for assessing the survivability of 
system elements. By this reason the SEPS operation 
emergency mode under three-phase symmetrical 
short circuit is considered in this paper. 

II. ACHIEVEMENTS AND PUBLICATIONS ANALYSIS 
Nowadays, large number of papers has been 

devoted to the study of SEPS emergency modes in 

general, as well as to the SC current protection in 
particular. Widely represented papers devoted to a 
calculation methods. So, standard [1] is devoted for 
calculation methods of the SC currents in three-
phase networks. Methods for choosing high-voltage 
gears and devices are presented in [2]. In papers [3] 
– [5], the problem of short circuit simulation and 
modeling in electric power systems was considered. 
Modeling of maximum current protection with an 
inverse delayed response was presented in [6]. 
Computer simulators have been widely used [7] – 
[8] in the field of electric power systems emergency 
processes investigation. Development and 
application of the accidents diagnosing and 
predicting systems based on the use of artificial 
intelligence are widely represented as well. Neural 
networks application as an adviser for predicting 
malfunctions of monitoring systems was considered 
in [9]. In paper [10] use of neural networks for 
analyzing and predicting the performance of SEPS 
was described. The power plant control system fault 
tolerance issue questions are raised in [11] – [14]. 

The use of reactors for abnormal currents limiting 
as well as processes occurring in current-limiting 
reactors are considered in [15], [16]. Problems 
associated with the development of math models of 
SEPS elements in order to study emergency 
conditions are presented in [17]. 

From the practical point of view the protection 
against SC currents currently is implemented as a 
number of solutions while each of them is 
accompanied by both advantages and disadvantages. 
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Typically fuses and automatic feeder circuit 
breakers are widely used. The use of fuses is a 
relatively advantageous solution from an economic 
point of view, but is accompanied by the fuse 
replacement need after each fuse trip which makes 
the possibility of their use not always advisable [18]. 

The design of classic feeder circuit breakers is 
based on [19]: 1) thermal element that provides 
protection against overload currents; 2) sensitive 
element based on the electromagnetic principle is 
responsible for protection against SC currents. 
Moreover, practice shows that the operating speed of 
circuit breakers is not always sufficient to protect 
electrical devices from the negative effects of the SC 
currents [20]. In addition, high-speed circuit breakers 
operating with high rated currents are bulky and 
expensive equipment. With the development of high 
power semiconductor technology, prerequisites have 
been created for the development of non-contact 
high-speed switches [21] – [23]. These devices 
provide operation without arcing, as there are no 
moving contact parts and there is no wear and tear 
that occurs when switching classic circuit breakers. 
The disadvantages of such devices are associated 
with the maximum permissible operating currents of 
semiconductor elements, which is a barrier to the use 
of these devices. A hybrid system using a current-
limiting reactor was proposed in [24], but this system 
does not provide advanced disconnection of the 
circuit when fault currents occur. 

In this regard, there is a need to improve the 
efficiency of systems that perform the circuit 
protective functions against SC currents by 
providing advanced disconnection of the switching 
element to limit peak current values. 

The short circuit protection efficiency increase is 
most relevant to the existing SEPS during vessel 
modernizations and upgrades. From practical and 
economic point of view replacement of power circuit 
lines, transformers and protective devices is not 
always advisable and possible while new equipment 
installations or replacing existing one with higher 
power rates.  

III. PROBLEM STATEMENT 

The objective is the increase of the short circuit 
current by less than half the half-period of the peak 
current by increasing the speed of the protection 
device. Following this target is proposed to use 
protective devices that respond not only to signals 
which are proportional to the magnitude of the 
current deviation, but also signals proportional to its 
first and second derivatives, which are speed and 
acceleration of the controlled parameter. Such 
protective devices at the initial moment of the fault 

appearance should provide an assessment of the 
abnormal current development and turn off the 
faulty section of the SEPS before the pick value of 
the fault current is reached. In this regard, the aim of 
this paper is the development of a system that will 
improve the efficiency of the current-limiting 
reactors application in SEPS and thereby the 
protection efficiency increase against the fault 
current. 

IV. THE SUBJECT AND RESEARCH METHODS 

Advanced protection system based on the speed 
and acceleration measuring of the fault current is the 
research subject of this paper. 

A computer modeling method was chosen as 
research method, which nowadays is one of the main 
ones in the field of emergency processes studies in 
complex systems. 

V. PROBLEM SOLUTION 

A. Initial scheme under study 
The part of DP3 class vessel’s (Lewek 

Connector) SEPS was used as initial scheme, 
namely, the hydraulic pump motor power supply 
system of the electro-hydraulic crane with a lifting 
capacity of 400 tons. The studied circuit includes 
synchronous generator, step-down transformer and 
induction motor (Fig. 1). 

 
Fig. 1. Single-line circuit under study: G is the 

synchronous generator; M is the induction motor; MSB is 
the main switchboard; SB is the local switchboard; CB1, 

CB2, CB3, CB4 are circuit breakers; S is the starter; SC is 
the short circuit point 

The parameters of the system elements are 
presented in Тable I. 
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TABLE I. SYSTEM UNDER STUDY ELEMENTS’ PARAMETERS 

Element Parameters 

Synchronous 
generator 

Snom= 4156 kVA, 
Pnom = 3740 kW, 
Unom = 6600 V, 

fnom = 60 Hz, 
cosφ = 0.8,   nomdx  = 0.125 

Step down 
transformer 

Snom = 3500 kVА, 
Unom pr = 6600 V, 
Unom sec = 690 V, 

uk = 10.5% 

Induction motor 
Pnom = 835 kW, 

Unom = 690 V,   Kinrush = 5.3, 
cosφ = 0.9,   η = 93% 

Current-limiting 
reactor 

Unom = 690 V, 
Inom = 3200 А, 
x = 0.25 Ohm 

Cable line 1  
r = 0.196 Ohm, 
x = 0.139 Ohm, 
l = 50 m,   n = 1 

Cable line 2  
r = 0.154 Ohm, 
x = 0.113 Ohm, 

l = 100 m,   n = 9 

Cable line 3  
r = 0.154 Ohm, 
x = 0.113 Ohm, 

l = 200 m,   n = 3 

The equivalent single-line circuit of the system 
under study is as shown on Fig. 2 [25]. 

E’’G x’’G

x’’M E’’MSC

xCL1 xTR

xCL2 xCL3

 
Fig. 2. Equivalent single-line circuit: gE  and mE  is the 

transient  EMF of the generator and induction motor; 
respectively; gx   and mx  is the transient resistance of the 
generator and induction motor respectively; xtr, xcl1, xcl2 

and xcl3 is the resistance of the transformer and cable lines 
respectively; the short circuit point corresponds to SC 

point 

B. Parameters determination of the obtained 
equivalent circuit in proportional unit 

The circuit parameters are determined at the base 
voltage and power [26], [27] that are Ub = 690 V and 
Sb = 10 МW respectively.  

The value of the transient EMF of the 
synchronous generator G in the equivalent circuit is 
determined using following equation:  
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the value of the synchronous generator G resistance 
in the equivalent circuit is determined according to 
the expression:   

nom
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where nomd gx  is the transient inductive resistance by 
d-axis; nom  is the angle between the voltage and 
current phases; nomcos g  is rated power factor; 

nomgS  is the total generator power (MVA); nomgP  is 
active generator power (MW). 

Transient resistance of the induction motor M in 
the equivalent circuit we define as:  
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EMF of the induction motor M in the equivalent 
circuit we define bellow:  
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where nom
1 ;d m

i

x
K

   Ki, nom ,mU  η, nommP  and 

nomcos m  are inrush current multiplicity, rated 
voltage (kV), efficiency (%), rated power (MW), 
rated power factor of the electric induction motor 
respectively. 

The resistance of a two winding transformer is 
determined by the expression: 

tr tr nom
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%
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x x
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where tr nom,ku S  is the short circuit voltage (%), 
rated power (MVA) of the transformer respectively. 

The resistances of the cable lines of the 
investigated circuit are determined by the expression: 
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reactive and active resistance of the cable, length 
and number of conductors respectively. 

Current-limiting reactor’s resistance is found 
using following equation: 

nom 2 ,b
r r

b

S
x x

U
                          (7) 

where nomrx  is the inductive reactance of the reactor 
(Ohm). 

The values of the obtained elements’ parameters 
of the investigated circuit are shown in Table II. 

TABLE II. INVESTIGATED CIRCUIT PARAMETERS’ 
VALUES IN PROPORTIONAL UNITS 
Parameter Value 

gE  1.08 

gx  0.301 

mE  0.93 

mx  0.189 
xtr 0.3 
xcl1 0.252 
xcl2 0.0444 
xcl3 0.267 
xr 5.25 

C. Short circuit modeling 
The short circuit current is presented as the sum 

of the ac iac(t) and dc idc(t) components [28]. Based 
on this, the short circuit current can be represented 
in the form of equation system:  
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      is the angular velocity; 

а gT  and а mT  are the decay time constants of the ac 
components of the generator and motor currents 
respectively. 

Modeling of the emergency process was 
performed in the Simulink application of the Matlab 
program. 

The emergency mode transition process modeling 
result of the initial studied circuit (see Fig. 1) from 
each of the sources (both G and M) is shown below 
(Fig. 3). 

 
Fig. 3. The total short circuit current, as well as its 

components from each of sources: 1, 2 is the current 
components from the synchronous generator and 

induction motor respectively; 3 is the total SC current 

The maximum current value in the initial 
investigated circuit is 3.61. 

D. Development of a system that will provide 
protection efficiency increase against short circuit 
currents 

Let’s consider a transformed initial circuit taking 
into consideration the use of a current-limiting 
reactor and a system which provides advanced, 
emergency control based on the use of the first and 
second derivatives of a controlled parameter, 
structural diagram of which is shown in Fig. 4. 

The equivalent circuit of the proposed system is 
presented in Fig. 5. 

The resistance value of the current-limiting 
reactor in the equivalent circuit, based on the data of 
the nominal parameters (Table I) were previously 
determined (Table II). 

Despite all advantages of using current-limiting 
reactors, their permanent use is accompanied by a 
number of disadvantages, namely voltage drop and 
power loss in transient conditions [18]. In this 
regard, there is a need to develop a high speed 
control system for a current-limiting reactor 
connection in order to ensure reliable operation of 
the SEPS and to eliminate the disadvantages 
described above. 

During short circuit due to resistance decrease 
current value changes from normal (working) to pick 
values. Current value cannot change instantly due to 
the presence of inductance in the circuit. This feature 
makes possible development of an advanced control 
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system which is based on the application of the first 
and second derivatives of the parameter that 
describes controlled process [28]. In this case, we 
are talking about the speed and acceleration of the 
controlled parameter (Fig. 6) 

2

1 2 2 ,d dy K K
dt dt




                      (9) 

where y is the output measurement function of the 
control unit;   is the controlled parameter (signal 
proportional to the current change); K1 and K2 are 
the gain coefficients. 
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Fig. 4. Structural diagram of the proposed system 

implementation: G is the synchronous generator; M is the 
induction motor, MSB is the main switchboard; SB is the 
local distribution switchboard; CB1, CB2, CB3, CB4 are 
circuit breakers; S is the starter; R is the current-limiting 

reactor; CU is the control unit; K is the switching 
element; SC is the short circuit point 

E’’G x’’G

x’’M E’’MSC

xCL1 xTR xCL2

xCL3xR

 
Fig. 5. Equivalent circuit of the proposed system: gE  and 

mE  is the transition EMF of the generator and induction 
motor respectively; gx  and mx  is the transition resistance 
of the generator and induction motor respectively; xtr, xcl1, 

xcl2, xcl3, xr are the resistances of the transformer, cable 
lines and current-limiting reactor respectively; the fault 

point corresponds to the SC point 

 
 

Fig. 6. Modeling results: 1 is the curve describing the 
short circuit current; 2, 3 is the first and second 

derivatives of the controlled parameter respectively 

However, the use of derivative links in the 
control system is accompanied by the problem that 
the output signal disappears [29] if the controlled 
parameter becomes a constant value, the derivative 
of which is equal to zero. In this regard, the control 
law is supplemented by third summand 0 ,K   where 

0K  is the gain coefficient: 
2

2 1 02 .d dy K K K
dt dt


 


                       (10) 

E. Description of the system operation 
Let’s consider the algorithm of the proposed 

system (Fig. 4). In normal operating mode, the shunt 
element, thyristor block unit K is open (closed - in 
the case of a contactor use), supplying the connected 
load to the SB via switchgear bypassing the current-
limiting reactor. If short circuit currents occur in the 
power circuit of one of the connected consumers, the 
control system closes the thyristor block unit 
(opening the contactor, if the contactor is used) 
continuing supply to consumers via a current-
limiting reactor, while turn off signal is generated to 
the power supply CB5. 

The modeling results in proposed system 
application case are shown in Figs 7 and 8. Figure 7 
shows the modeling results of current component 
from a synchronous generator G. 

 
Fig. 7. The modeling results of the current component 

from the synchronous generator during operation of the 
proposed system: 1, 2 are ac and dc current components 

respectively; 3 is the total short circuit current 
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Figure 8 presents the results of the summary pick 
current modeling (curve 3), as well as its 
components, component from a synchronous 
generator (curve 1) and from induction motor (curve 
2) while using a current-limiting reactor and 
proposed control system based on measurement of 
speed and acceleration of the controlled parameter. 

 
Fig. 8. The modeling results of the current components 

from each of the sources using the proposed system: 1 and 
2 are components from a synchronous generator and an 

induction motor respectively; 3 is the summary short 
circuit current 

Analysis of the study results showed that the use 
of current-limiting reactors along with control 
system based on the use of the first and second 
derivatives of the controlled parameter will reduce 
the value of the pick current from 3.61 to 1.1 pu 
eliminating the additional wear of switching 
elements of the system, voltage drops caused by the 
SC currents and disadvantages related to use of 
current-limiting reactors which confirms the 
advisability of proposed system in SEPS. 

VI. CONCLUSIONS 

Proposed system will allow to solve a number of 
problems related to the system protection efficiency 
increase against short circuit currents in the SEPS 
such as: 1) protection against short circuit currents 
by limiting their pick values; 2) elimination of 
negative impacts influence on the quality of 
electrical power quality associated with the use of 
current-limiting reactors constantly connected to the 
circuit, namely power losses and voltage drops in 
normal operating mode. 

However, despite the advantages of the proposed 
system, the problem of false triggering remains 
unstudied, for example during consumer inrush 
currents, while monitoring elements such as a 
current transformer fails or while control circuits 
break, etc., which should be the subject of an 
individual study. 
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В. С. Луковцев, С. А. Тєрєльник. Підвищення ефективності захисту від струмів короткого замикання в 
суднових електроенергетичних системах 
Коротке замикання є найважчим і найнебезпечнішим аварійним режимом роботи суднових електроенергетичних 
систем, і від того на скільки ефективно системи автоматики забезпечують захисні функції, залежить живучість і 
надійність роботи як судновій електроенергетичній системи, так і судна в цілому. У зв'язку з цим метою даної 
роботи є розробка системи, яка дозволить підвищити ефективність застосування струмообмежувальних 
реакторів в суднових електроенергетичних системах і тим самим підвищити ефективність захистів від струму 
короткого замикання. Для досягнення поставленої мети вирішено ряд допоміжних завдань: визначено параметри 
елементів досліджуваної системи у відносних одиницях, розроблена математична модель досліджуваної системи 
з подальшим моделюванням, запропонована система формування випереджаючого управління, яке базується на 
застосуванні першої і другої похідних контрольованого параметра. Аналіз результатів дослідження показав, що 
застосування запропонованої системи, дозволить підвищити ефективність захисту від струмів короткого 
замикання шляхом обмеження значення ударного струму, виключаючи при цьому недоліки, пов'язані із 
застосуванням струмообмежувальний реакторів, таких як падіння напруги і втрати потужності в перехідних 
режимах, що підтверджує перспективність використання запропонованої системи. 
Ключові слова: підвищення ефективності захисту; струмообмежувальний реактор; струм короткого замикання. 
Луковцев Валерій Сергійович. orcid.org/0000-0003-3673-5159. Кандидат технічних наук. Доцент.  
Кафедра електрообладнання та автоматики суден, Національний університет «Одеська морська академія» 
Освіта: Одеське Вище Інженерне Морське Училище, Одеса, УССР, (1972).  
Напрямок наукової діяльності: транспортні процеси, електромеханіка, безпека судноплавства, автоматизація, 
надійність. 
Кількість публікацій: 53. 
E-mail: lukovtsev1950@gmail.com 
Тєрєльник Сергій Анатолійович.  orcid.org/0000-0002-7661-9470. Аспірант. 
Кафедра електрообладнання та автоматики суден, Національний університет «Одеська морська академія» 
Освіта: Одеська Національна Морська Академія, Одеса, Україна, (2010).   
Напрямок наукової діяльності: електромеханіка, автоматизація, надійність  
Кількість публікацій: 3. 
E-mail: s.tierielnyk@gmail.com 
В. С. Луковцев, С. А. Терельник. Повышение эффективности защит от токов короткого замыкания в 
судовых электроэнергетических системах 
Короткое замыкание является самым тяжелым и опасным аварийным режимом работы судовых 
электроэнергетических систем, и от того на сколько эффективно системы автоматики обеспечивают защитные 
функции, зависит живучесть и надежность работы как судовой электроэнергетической системы, так и судна в 
целом. В связи с этим целью данной работы является разработка системы, которая позволит повысить 
эффективность применения токоограничивающих реакторов в судовых электроэнергетических системах и тем 
самым повысить эффективность защит от тока короткого замыкания. Для достижения поставленной цели 
решен ряд вспомогательных задач: определены параметры элементов исследуемой системы в относительных 
единицах, разработана математическая модель исследуемой системы с последующим моделированием, 
предложена система формирования опережающего управления, основанного на применении первой и второй 
производных контролируемого параметра. Анализ результатов исследования показал, что применение 
предложенной системы, позволит повысить эффективность защит от токов короткого замыкания путем 
ограничения значение ударного тока, при этом, исключая недостатки, связанные с применением 
токоограничивающих реакторов, таких как падение напряжения и потери мощности в переходных режимах, что 
подтверждает перспективность использования предложенной системы.  
Ключевые слова: повышение эффективности защит; токоограничивающий реактор; ток короткого замыкания. 
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