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Abstract- The transition process of the electric drive of
the ship mooring (capstan) controlled by a frequency
converter was studied in the paper. For this purpose, a
mathematical model of the electric drive of the mooring
controlled by the frequency converter was created in the
Simulink section of the MATLAB program, and the
oscillograms of the direct start of the electric motor at the
rated load at different values of the frequency were
constructed.
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1. INTRODUCTION

Capstans by their purpose are anchor-mooring,
mooring and some capstans perform both tasks. The
capstans are driven by both electric motor and electro-
hydraulic motors. Capstans also have a solenoid brake,
and when the electric motor is energized, the brake
solenoid compresses the springs and the motor actuates
the spindle of capstan. As soon as the feed is stopped, the
electromagnetic force is lost and the springs actuate the
brake disc. This stops the movement of the spindle.
Recently, ballerless capstans are more widely used in
modern transport ships. The load axis of this mechanism
is set vertically on the deck. Ballerless capstans have the
following advantages [1].

- Since the electric motor and reducer are located inside
the head of the capstan, they are compact sized;

- Since the belt is not driving, the efficiency becomes
high;

- It requires little effort during installation as there is no
centering operation;

- Since there are few parts, the price is 20-40% cheaper;

- Since the reducer with the electric motor is placed
inside the body of the capstan, the size of the capstan
significantly decreases;

- Such capstans have high efficiency due to the
application of cylindrical gear drive.

For calculation of the power of the anchor capstan’s
actuating motor, it is necessary to determine the rated
tractive force on the mooring rope and the ship's mooring
speed. In the calculation, the tractive force and the
mooring speed are taken to be constant.

According to the given norms, when performing the
mooring operation with the rated tractive force (when the
structure is controlled by hand), the rated rope winding
speed should not exceed v,,=0.2+0.3 m/sec [4].

2. MAIN PART

The problem of studying of asynchronous motor at
changes in voltage and frequency, taking into account the
modes of operation of the drive of the ship's mooring on
the basis of a mathematical model was set in the paper
[3]. On the other hand, the presence in the scheme of a
frequency converter based on semiconductor elements,
which has become widespread and has a high efficiency,
small dimensions, the possibility of separately changing
the amplitude and frequency of the voltage supplied to
the motor, also imposes some peculiarities on the nature
of the study and expands the scope of the issue under
study. The study is performed using the complete
equations of the asynchronous motor. As it is known,
three forms of writing the equations of an asynchronous
machine are most common [7]:

- Equation in space-fixed coordinate systems «, £, 0;

- Equation in axes rotating in space with the speed of the
rotor d, g, 0;

- Equation in synchronously rotating axes d, ¢s.

When drawing up the structural scheme of the
problem, it is necessary to choose a rational form of
writing the equations of the asynchronous motor in order
to be able to modulate the amplitude and frequency
changes of the voltage supplied to the motor relatively
easily with the smallest number of operating elements.
When writing the equations of synchronous rotating axes,
the projections of the network voltage on the axes
rotating at a synchronous speed are constant values and
only values of their amplitudes can be changed in the
model, which is not sufficient for studying a frequency-
controlled induction motor.

When choosing coordinate systems rigidly connected
to the rotor, the projection of the voltage vector is a
function of the angle of rotation of the rotor, and
therefore it is difficult to model the change in the
amplitude and frequency of the voltage supplied to the
motor.
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Therefore, the most acceptable is a form of writing
equations in space-fixed coordinate system. In this case,
by linking an autonomous scheme for realizing the
change in voltage and frequency as a function of time
with a scheme that describes the equations directly of
asynchronous electric drive, the desired effect and
simplicity of solutions are achieved. Thus, the equations
of the asynchronous motor are taken as a basis of the
modeling, written in the space-fixed axes &, f, 0;

Equation of voltages [3]:

Usa = P'//sa +rsisa; Usﬁ = Pl//sﬁ +rsisﬁ;
: oM
0= Pl//ra +l//rﬂa)r +rrlra; 0= P‘//rﬂ Yo +rrlrﬂ;

Equations of flux linkages:
Vsa = Xsisa +Xmira; l//sﬂ =Xsi

S

ﬁ-i-Xmirﬂ;

. =X @)

rra

+Xmla; l//rﬁ :Xrirﬂ +Xmliﬂ;

S
Equation of the electromagnetic moment
Mel = (l//rﬂira - l//rairﬂ) (3)
Equation of motion of electric drive [8]:
M,~M, =1% , [=02 kqm® , M,—-M, =IPw,  (4)
In Equations (1)-(4) all values are expressed in
relative units and the following designations are accepted:
Use , Usp are projections of the voltage vector U with a
time-varying amplitude and frequency on the
corresponding axes;
- rs, Iy are active resistances of the stator and rotor;
- X5, X, are total inductive reactance of the stator and rotor;
- X,» 1s mutual induction resistance;
- Wsa, Wsp, Wra, Wp are projections of the flux linkages of
the stator and rotor circuits on the corresponding axes;
- Isa , Isp , Ira , irp are projections of currents on the
corresponding axes;
- I is moment of inertia of the rotor;
- m; static moment of resistance;

d . . . oy
-pP=1 o is synchronous time differentiation symbol;
t

- o, is electric speed of the rotor.

In Equation (1), the voltage amplitude and frequency
change with time, so projections Usa, Usp will look like:
Usa = Us (T) COS[Kf (T) + l//]

5
Uyy =U, @)sinlK , (7) +] ®
f(@)
U()

n

where, K /(7) =

is relative frequency as a function

of time; U (7) = is relative voltage as a function of
time.

To draw up a structural diagram of a programmable
task, it is necessary to write the Equation (1) for the
relative the flux linkages:

Pl//sa :Usa ~Tilsg s Pl//sﬁ = Usﬂ _rsisﬂ;
Pl//m{ =Y, p@, _rrira; Pl//rﬁ =Y,q Oy _rrirﬂ;

Thus, from Equation (6) is obvious that the flux
linkages on the machine must be worked out by a single

(6)

integration. Accordingly, Equation (2) are resolved with
respect to currents:

by = AV s —bl//m,; isﬁ =aysp _bl//rﬁ;

. . _ (N
ba =Yg _bl//saﬂ Lp =C¥,p _bl//sﬂﬂ
X X
where,a= — b= s c= L X
XXX XXX XXX

The equation of moment (3) remains unchanged. The
equations of motion (3) are represented in the form

Pa, = %(mg —m) @®)

For modeling, an asynchronous motor was used with
the following data [5]:
¢ TYPE 4AC16054 Y3

- Rated power is P, =17 kW
- Synchronous rotation speed is 7gy,;, =1500 rev/min

- Active power coefficient is cos ¢ = 85
Parameters of equivalent circuit in relative units:
- 7" =0.045 is active resistance of the stator

-7 =0.064 is active resistance of the rotor
- x; =0.082 is inductive reactance of stator dispersion
- X,, = 0.13 is inductive reactance of the rotor dispersion

- x; =3.17 is inductive reactance of the magnetization

Let's determine the basic resistance of this motor:
P=3U,xI;cos¢

3 3
1= Px10° _ 17x10 ~303 A
© 3Ujyxcosg 3x220x0.85
anﬂzﬁzi% Q

I, 303

=T xZ,=0.045x726=0327 Q
rl=r"xZ =0.064x7.26=0.465 Q
Xy =X, xZ, =0.082x7.26 =0.6 Q
Xyy =Xy X Z, =0.13x7.26 = 0.94 Q
x, =x,xZ, =317x726=269 Q

Total inductive reactance of the stator:

X, =X, +X, =0.6+269=275 Q

X, =X, +X, =0.94+269=27.84 Q

Knowing the inductive reactance of the asynchronous
motor, we determine the coefficients of the Equation (7):

g - 27.84 = 0.6
xx, —x, 27.5x27.84-26.9

b=—Tm = 26.9 - =0.64
xx, —x, 27.5%x27.84-26.9

e 27.5 0.65

Xx,—x,  27.5x27.84-269%
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Equations (1)-(7), taking into account the active
resistances of the windings of the asynchronous motor of
the capstan and the coefficients a, b, ¢ are written in the
following form:

d dy,
Uy, =52 103271, 3 U,y =228 403270,
t dt
dy
0=—"%+y 0 +0.465i 9
dt (//rﬂ r ra ( )
v,
0=—"—+y,, 0. +0.465i
dt Via®, rp

When studying the dynamic modes, the mutual
influence of the three phases of the motor is taken into
account by the increase in mutual inductance 3/2 times
compared to the inductance of the magnetizing circuit

X, 249

a)j‘l’l

=0.158 Hn

‘U

Accordingly, the total inductance of the stator
I x+x, 0.57+249

s =0.162 Hn
@, 157
Reduced  total inductance of the rotor
' X, +x
L= ” ”:0'87+24'9:0.164 Hn
w 157

sn
When studying the dynamic modes of asynchronous
motors, two-phase mathematical models are used that
adequately reflect the processes occurring in a real
machine. The most general form of mathematical
description of two-phase models is a system of
differential and algebraic equations:

dv,, .
Usa = d;” 7l 'H//ﬂswk

dyg .
Usﬂ = de +rslsﬂ T WO
’ dl// T 1t
ar =T;x+rrlar +l//ﬂr(wk - )
’ dl/lﬁl

uﬂr = 74_ rr,l.’ﬁr tVWor (a)k _a))

3 (10)
M= ELluAp(l//asl//ﬂr - l//ﬁsl//ar)

M-M, = (%)‘;—i’

s = AW oLy =W o L)
ipe = AWyl —yp.L,)
Iy = AW or Ls =V oiLy)
ip = AW gLy —y g Ly,)

where, 4= and w, is the rotation speed of

2
L =Ly,
the coordinate orthogonal system in which the two-phase
model is being studied. When using a fixed coordinate

system a=0.

1 1
LL—I% 0.162x0.164-0.158
Axr,x L) =588x0.327x0.164 =31.5
Axr,x L, =588x0.327x0.158 = 30.4
Axr!x L, =588x0.465x0.162 = 44.3
Axr!x L, =588x0.465x0.158 = 43.2

M szﬂAp :Ex0.158><588><2 =278.7
2 2

In this example, a squirrel-cage induction motor is
considered in a fixed coordinate system, therefore, the
expressions for voltages take the form:

U, =U, cosat = x/EUn cosw,t =220xcos314.15¢

Upy =-U,, sina,t =—2U, sinw,t = -220xsin314.15¢
Uar = 0; Uﬂr = O

where, o, is angular frequency of supply voltage. Starting
of the motor in idle mode with a rated moment of inertia
is carried out at M=0, /=[,. Taking into account the

above, the system of Equation (10), after reducing them
to the Cauchy form, takes the form [3]:

d
l/c;: -= \/EUn cos @t — Ar, (W, L, — VarLy)
dl///}v \/_
2 = 20, sinot— Ar,(w 4, L. —y 5L
dt n s sl —VpeLy)
% = —A}",,’(l//arLs - l//asLy ) + '//ﬂrw
dt
K (11)
dtﬂr = —Al"rr(l//ﬁrLS _l//arL/l) “Yar®
3
M = 5 PLAW oV 5 =V oV ps)
do _rM
t 1,

After substituting the numerical values, taking into
account p=2, the system of design equations finally takes
the form:

d
% =220c0s314.15t—31.5p,,, + 26y,
Whs _ 220sin314.150-31 Sy, + 26y
dt . . ﬂs ﬁr
dy,
ar - 443y, +432y, +y o
dt Yar Vas l//ﬁr (12)
dy/ﬁr
B A3y, + 432y, —v 0
dt l///}r l///}s Yar
M =278.7x (l/lasl//ﬂr - l/lﬂsl//ar)
do _¢o
dt

The solution of Equation (12) for frequency starting
and for various modes of operation of the frequency
controlled electric drive of the mooring is performed in a
personal computer using the MATLAB/Simulink
program [6, 10].
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2.1. Study of the Transition Process of the Electric
Drive of the Mooring Capstan Controlled by the
Frequency Converter

Elements used to create the mathematical model
(Figure 1): Sinewive sinusoidal signal source, amplitude
220 V, phase shift 0, frequency 157 rad/sec, 2nd
Sinewive sinusoidal signal source, amplitude 220 V,
phase shift 1.57 radian, and frequency is 157 rad/sec. The
differential values (derivatives) of the parameters are
calculated using an integrator [12]. The coefficients of the
variable are written in the Gain (amplifier) block and
their characteristics are described on the oscillograph
(scope). The Scope functional block was used to describe
the time dependence form of any parameter. The start-up
time of the model is 1.4 sec.

Based on the expression (12) and the calculations, a
mathematical model of the asynchronous motor under

Ss

study was built in the Simulink section of the MATLAB
program. The Mux block was used to describe the
characteristics in one coordinate system, the Product
block was used to find the product of summation (Sum)
parameters, and the Step block (step time 0.1, final value
1) was used as a signal source in the calculation of the
motor speed.

The purpose of studying the model of the starting
process of the given motor is to obtain the optimal
starting laws of the motor, taking into account the
possibility of individual changes in the frequency and
amplitude of the voltage supplied to the motor, in order to
ensure the reliable operation of the semiconductor
elements of the static frequency converter and to improve
the technical and economic indicators of the drive-in
transition modes [11, 13].
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Figure 1. Mathematical model of Equation (12) constructed in Simulink section of MATLAB program

Figure 2. i(f), M(¢) and w(¢) relationships when M, =M, during start-up - f =15 Hz, U =66 V, @ =47.1 rad/sec
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i)

M) ()

Figure 3. i(#), M(¢) and w(¢) relationships when M, =M, during start-up - f =15 Hz, U =66 V, @ =47.1 rad/sec

ity M@ @)

Figure 4. i(¢), M(t) and w(f) relationships when M =M, during start-up - f =30 Hz, U =132 V, »=92.2 rad/sec

It should be noted that the starting process of the
studied drive can be carried out in different modes and
depending on the tension of the mooring rope, which
characterizes the load on the motor shaft. The motor
under study can be started without load, loaded and under
rated load. In addition, the given motor should operate at
a reduced speed (usually /=20+30 Hs) near the mooring
object. At that, it is possible to start the motor at low
frequencies [2, 9].

Oscillograms of direct starting of the electric motor at
nominal load (M.=M,) at frequencies /=15, 30, 40, 50 and
70 Hs are shown in Figures 2, 4, 5, 6 and 7. As can be
seen from the oscillograms, the frequency of the current
decreases compared to the direct start at the frequency
/=50 Hs, but the motor start-up time increases (iop.s=3.5
Inom, 1,,~0.8). Despite the reduction of the starting
current during start-up with a proportional change of
frequency and voltage (iop.s=3Isom), the start-up time of
the motor increases by approximately 2 times. The
oscillogram of the motor start-up is shown in Figure 2

with following values: the frequency given to the motor
is /=15 Hs, the voltage U=66 V, and the angular velocity
®=47.1 rad/sec and moment on the shaft.

In Figure 3, #,,s=0.35 sec and the maximum value of
the starting current is 4.81 times larger than the rated
current. The maximum value of the electromagnetic
torque of the electric motor is 134.8% of its rated torque.
The effective value of the load current in the motor's
steady operation mode under load (M~=M,) is 14.3 times
higher than in the no-load operation mode (M=0).

The direct start oscillogram of the electric motor at
frequency f=15 Hs, the voltage U=66 V and M.~=0 is
shown in Figure 3. The maximum value of the starting
current is 4.81 times larger than the rated current. The
maximum value of the electromagnetic torque of the
electric motor is 134.8% of its rated torque.

The oscillogram of the motor start-up is shown in
Figure 4 with the following values: the frequency given
to the motor is /=30 Hs, voltage U=132 V, and angular
velocity @=92.2 rad/sec and moment on shaft (M=M,).
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it

Figure 5. i(¢), M(¢) and w(¢) relationships when M =M, during start-up - f =40 Hz, U =176 V, » =125.6 rad/sec

Figure 6. i(¢), M(?) and w(?) relationships when M,=M, during start-up - f =50 Hz, U =220 V, @ =157 rad/sec

Figure 7. i(t), M(t) and w(t) relationships when M,=0 during start-up - f =70 Hz, U =220 V, @ =219.8 rad/sec
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In Figure 4, #,,,=0.35 sec and the maximum value of
the starting current is 6.7 times larger than the rated
current. The maximum value of the electromagnetic
torque of the electric motor is 143.1% of its rated torque.
As can be seen from the figure, the parameters of the
motor reach the rated value in approximately 0.6 sec.

The oscillogram of the motor start-up is shown in
Figure 5 with the following values: the frequency given
to the motor is /=40 Hs, the voltage U=176 V, and the
angular velocity w=125.6 rad/sec and moment on the
shaft (M=M,).

In Figure 5, t,,,~0.6 sec and the maximum value of
the starting current is 6.6 times larger than the rated
current. The maximum value of the electromagnetic
torque of the electric motor is 143% of its rated torque.
The effective value of the load current in the motor's
steady operation mode under load (M.=M,) is 4.3 times
higher than in the no-load operation mode (M.=0).

The oscillogram of the motor start-up is shown in
Figure 6 with the following values: the frequency given
to the motor is /=50 Hs, the voltage U=220 V and angular
velocity w=157 rad/sec and moment on shaft (M=M,,).

In Figure 6, t,,,~0.8 sec and the maximum value of
the starting current is 6.2 times larger than the rated
current. The maximum value of the electromagnetic
torque of the electric motor is 166.3% of its rated torque.
The effective value of the load current in the motor's
steady operation mode under load (M.~=M,) is 3.4 times
higher than in the no-load operation mode (M.=0).

The oscillogram of the motor start-up is shown in
Figure 7 with the following values: the frequency given
to the motor is /=70 Hs, the voltage U=220 V, and the
angular velocity »=219.8 rad/sec and moment on the
shaft (M=M,).

In Figure 7, t,,,=1.35 sec and the maximum value of
the starting current is 4.9 times larger than the rated
current. The maximum value of the electromagnetic
torque of the electric motor is 83.1% of its rated torque.
The value of the no-load operating current (M.=0) in the
steady state of operation of the motor is about 7.12 A.
After starting the motor, the voltage remains constant
equal to the rated value, and the frequency increases by
1.4 times compared to the rated value. This is necessary
to remove the hanging part (gap) of the mooring rope.

3. CONCLUSIONS

Mathematical model of the electric drive of the ship
mooring (capstan) controlled by a frequency converter
realized in the time function of the voltage and frequency
in the Simulink package of the MATLAB program is
compiled in the paper. It is possible to determine the
optimal starting characteristic of the motor during various
loadings by means of this method. It was also found that
when controlling the electrical drive of the mooring with
the frequency converter, one-winding motors can be used
instead of two- and three-winding motors, as a result of
which the control would become smooth, the circuit
simplify and the size and weight of the motor decrease.
The study of the transient process of single-winding
three-phase rotor of the mooring capstan of a short-
circuited asynchronous motor shows that the time spent

on the transient process of such electric drive is less than
1 second. This indicator makes it possible to prevent
accidents that may occur during the mooring process.

REFERENCES
[1] H.A. Mammadov, “Ship Auxiliary Mechanisms,
Systems and their Operation”, Textbook; Azerbaijan
State Marine Academy, p. 384, Baku, Azerbaijan, 2020.
[2] E.F. Sultanov, E.A. Hasanov, E.M. Mammadov,
“Study of Frequency Converters Applied in Electrical
Transmissions of Ship Deck Mechanisms”, The Second
International Baku Conference on Scientific Research,
Baku Odlar Yurdu University, Vol. 1, pp. 424-430, Baku,
Azerbaijan, 28-30 April 2021.
[3] Y.R. Abdullacv, E.A. Qasanov, “Study of the
Operation Modes of a Synchronous Motor of a Ship-
Mooring Device with Changes in Voltages and
Frequencies”, University of New Technology, Collection
of Scientific Practices, Issue 1, Vol. 8, pp. 43-51, Kiev,
Ukraine, 2019.
[4] G.A. Mehtiyev, Z.A. Hasanov, T.G. Shabanov, “Ship
Automated Electrical Drives”, Ed. Nurlan, p. 358, Baku,
Azerbaijan, 2005.
[5] A.P. Bogqoslovskiy, “Marine electric drives:
Handbook”, Shipbuilding, Edition 2, Vol. 2, Issue 1, p.
384, Russia, 1983.
[6] L.P. Kopylov, “Mathematical Modeling of Electric
Machines: A Textbook for the Students”, Graduate
School, p. 327, Moscow, Russia, 2001.
[7] V.M. Perelmuter, “Direct Control of AC Torque and
Current”, H. Basis, p. 210, 2004.
[8] Q.Q. Sokolovskiy, “DC Electric Drives with
Frequency Regulation”, Textbook, M. Academy, p. 277,
2007.
[9] B.L. Firaqo, “Required AC Drives”, Minsk Techno
Perspective, p. 363, Belarus, 2006.
[10] R.T. Shreyner, “Mathematical Modeling of Power
Transmission Current with a Semiconductor Frequency
Converter”, URO RAN, p. 654, Yekaterinburg, Russia,
2000.
[11] E.A. Hasanov, “Asynchronous Motor Control of
Ship Anchor Mooring Gear in Static Mode with
Frequency Change”, International Journal on Technical
and Physical Problems of Engineering (IJTPE), Issue 43,
Vol. 12, No. 2, pp. 35-39, June 2020.
[12] E.A. Qasanov, “Investigation of Modes and
Calculation of Operation Parameters of a Frequency-
Controlled Electric Drive of a Ship's Anchor Device”,
Marine Intelligent Technologies, No. 2, Issue 1, pp. 170-
175, St. Petersburg, Russia, 2020.
[13] V.A. Lavrinovich A.V. Lavrinovich A.V. Mytnikov,
“Development of Advanced Control State Technology of
Transformer and Electric Motor Windings Based on
Pulsed Method”, International Journal on Technical and
Physical Problems of Engineering (II'TPE), Issue 13, Vol.
4, No. 4, pp. 149-153, December 2012.
[14] B. Wu. “High Power Converters and AC Drives”, A
John Wiley and Sons, p. 333, New Jersey, USA, 2006.
[15] R. Mustafayev, N. Yusifbayli, L. Hasanova, “Matrix
Structure of Unified Mathematical Model of Electric AC
Machines at Control”, E3S Web of Conferences, Vol.
209, No. 02023, November 2020.

296



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 56, Vol. 15, No. 3, Sep. 2023

BIOGRAPHIES

Name: Elshan

Middle Name: Fakhraddin

Surname: Sultanov

Birthday: 10.09.1983

Birth Place: Khacmaz, Azerbaijan
Bachelor: Electric Equipment and
Automatics of Ships, Department of Ship
Electrical Equipment, Azerbaijan State Marine Academy,
Baku, Azerbaijan, 2004

Master: Electrical Engineering and Automatics of Ships,
Department of Ship Electrical Equipment, Azerbaijan
State Marine Academy, Baku, Azerbaijan, 2006
Doctorate: Electric Equipment and Automatics of Ships,
Department of Ship Electrical Equipment, Azerbaijan
State Marine Academy, Baku, Azerbaijan, 2012

The Last Scientific Position: Head of Department Ship
Electro Automation, Azerbaijan State Marine Academy,
Azerbaijan, Baku, Since 2017

Research Interests: Ship Electrical Equipment, Ship
Electronics, Automated Ship Electrical Drives

Scientific Publications: 72 Papers, 5 Teaching Aids, 7

L &

Textbooks

Name: Elsevar

Middle Name: Akif

Surname: Hasanov

Birthday: 24.03.1979

Birth Place: Lachin, Azerbaijan
Bachelor: Electric Equipment and
Automatics of Ships, Department of Ship
Electrical Equipment, Azerbaijan State Marine Academy,
Baku, Azerbaijan, 2000

Master: Electric Equipment and Automatics of Ships,
Department of Ship Electrical Equipment, Azerbaijan
State Marine Academy, Baku, Azerbaijan, 2004
Doctorate: Electric Equipment and Automatics of Ships,
Department of Ship Electro Automation, Azerbaijan State
Marine Academy, Baku, Azerbaijan, 2018

The Last Scientific Position: Senior Lecturer, Department
of Ship Electro Automation, Azerbaijan State Marine
Academy, Baku, Azerbaijan, Since 2018

Research Interests: Ship Electrical Equipment, Ship
Electronics, Automated Ship Electrical Drives

Scientific Publications: 30 Papers, 1 Methodical Aid

&

297

Name: Sahib

Middle Name: Soyun

Surname: Ismayilov

Birthday: 15.04.1982

Birth Place: Bolnisi, Georgia

Bachelor: Electric Equipment and
Automatics of Ships, Department of Ship
Electrical Equipment, Azerbaijan State Marine Academy,
Baku, Azerbaijan, 2003

Master: Electric Equipment and Automatics of Ships,
Department of Ship Electrical Equipment, Azerbaijan
State Marine Academy, Baku, Azerbaijan, 2005
Doctorate: Electric Equipment and Automatics of Ships,
Department of Ship Electro Automation, Azerbaijan State
Marine Academy, Baku, Azerbaijan, 2017

The Last Scientific Position: Senior Lecturer, Department
of Ship Electro Automation, Azerbaijan State Marine
Academy, Baku, Azerbaijan, Since 2016

Research Interests: Ship Electrical Equipment, Ship
Electronics, Automated Ship Electrical Drives
Scientific Publications: 31 Papers
. Name: Emil
(,. - Middle Name: Mammad
A b Surname: Mammadov
oy Birthday: 07.08.1976
N Birth Place: Baku, Azerbaijan
‘ - h Bachelor: Electric Equipment and

Automation of Ships, Azerbaijan State
Oil Academy, Baku, Azerbaijan, 1997
Master: Electric Equipment and Automatics of Ships,
Department of Ship Electrical Equipment, Azerbaijan
State Marine Academy, Baku, Azerbaijan, 2012
Doctorate: Electric Equipment and Automatics of Ships,
Department of Ship Electro Automation, Azerbaijan State
Marine Academy, Baku, Azerbaijan, 2020
The Last Scientific Position: Senior Lecturer, Department
of Ship Electro Automation, Azerbaijan State Marine
Academy, Baku, Azerbaijan, Since 2016
Research Interests: Ship Electrical Equipment, Ship
Electronics, Automated Ship Electrical Drives
Scientific Publications: 23 Papers, 1 Textbook




