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Initial assumption to the mathematical model of the marine
elektromagnetic system with the shaft-generator
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Abstract

The electromagnetic systems with the shaft-generator are being widely used in marine engineering,
nowadays. Simulating investigations of transitory electromagnetic processes in such system require complex
mathematical model studies to describe properly the dynamics of the containing objects. The following article
is the first part of the final description of the mathematical model of marine electromagnetic system with the
shaft-generator. It contains both the discussion about external factors affecting the electromagnetic processes
in such system and initial assumptions that should be met by the proposed mathematical model.
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Abstrakt

Wspolczesna technika okrgtowa szeroko stosuje systemy elektroenergetyczne z pradnicg watowa. Badania
symulacyjne procesOw przejsciowych elektromagnetycznych w takim systemie wymagaja opracowania kom-
pleksowego modelu matematycznego, opisujacego dynamike obiektow w nim zawartych. Ponizszy artykut
jest pierwsza czeScig docelowego, koncowego opisu matematycznego modelu okrgtowego systemu elektro-
energetycznego z pradnicag watowa. Omawia si¢ w nim uwarunkowania zewnetrzne, wptywajace na przebieg
procesow elektromagnetycznych w systemie oraz podaje si¢ przyjete zatozenia wyjsciowe, ktore powinny
by¢ spetnione przez proponowany model matematyczny.

Introduction

Water transport is considered to be cost-effec-
tive. Electric energy takes the considerable part
among various factors influencing the cost of the
ship's exploitation. There is simply dependence
between the quantity of electric receivers and both
installed electric power and the quantity of current
generators included in the ship’s power plant.

Modern ships are characterized by the high stage
of installed electric power. The growth in amount
of the ship’s electrical devices, in turn, affects
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the range and the automation stage of the power
plant [1, 2]. It means sharper requirements for qual-
ity and costs of the electro-energy.

Electric energy production cost on modern
ships, especially specialist, takes an increasing part
of the ship’s daily operating costs. That is the rea-
son why the ship-owners are so interested in the
electro-energetic systems with the shaft-generator.

Simulation studies of transitory processes
in such systems become the necessity [1]. This
requires creating a complex mathematical model
for the whole electro-energetic system, not only for
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individual objects. The article presents description
of the adopted methodology and requirements,
which should be met by the model to obtain reliable
results.

Initial assumptions

Assumptions that should be met to create useful
model description:

— the structure of model must contain all the im-
portant objects that have an impact on the transi-
tory processes in the electro-energetic system;

— model should include the influence of external
conditions, i.e.: rolling of the sea, wind and it’s
direction, ship’s transverse and longitudinal
swinging, ship’s propeller ascending. This re-
sults in the change of the rotary speed of the
Main Engine (ME);

— created model should be useful for ship with
the adjusting propeller, as well as non-adjusting
propeller;

— adoption of proper description methods of dy-
namic conditions of the principal components of
the system, i.e.: Main Engine, auxiliary engines
(AE); ship’s power station and electric receipts
with the division on static and dynamic receiver;

— possibility to analyze working conditions of
ship’s power station, i.e.: lonely work or parallel
work of the ship’s generators in various configu-
rations;

— model should have open structure to be able
to be expanded with the additional objects or
steering systems;

— and mainly it should fulfill the criterion of cred-
ibility and liability. This condition imposes the
necessity of use widely recognized and proven
methodology of description.

Fulfillment of above assumptions will enable
the study of electromagnetic transitory processes,
which result will let to approach to conditions step-
ping out in real ship’s systems.

Specific of the work of the shaft-generator

Advantages and disadvantages of the generator
shafts are well known. However, the mathematical
description of the dynamics is complex due to the
specific of Main Engine drive and its location in the
electro-energetic system. Getting the knowledge
about the dynamic processes of shaft-generator and
its influence on the work of the fleet by the experi-
ments, is not only inconvenient, but also expensive.
It forces us to build:

— laboratory workstation, which research results
are greatly doubtful;
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— or a prototype to test it on a ship, which is ex-
pensive and risky, what it is expensive in the
turn and burdened with the risk. After that,
knowledge of certain symptoms is most needed
at the stage of design work.

Therefore, the most purposeful is computer sim-
ulation [1], and this requires mathematical model.
The shaft-generator (SG) is unit joining two physi-
cally different arrangements — electric net and the
propulsive complex in the type-matter: Main En-
gine — main shaft (MSh) — adjustable or non-
adjustable propeller.

In result, the shaft-generator subject to two prin-
cipal forces:

— from the side of the electric net, because of the
change of active and passive electric power;

— from the side of the drive of shaft-generator,
because of the change of the resistory moment
on the shipping screw, what causes the labile
rotary speed of the main shaft.

The first force influences on the change of volt-
age of shaft-generator. The second influences both
on the tension and the frequency of the electric
current. Summing up, it should affirm, that the dy-
namics of shaft-generator depends on the dynamic
properties of the propulsive complex. This in turn,
subjects to the influence of the whole sequence of
external factors. One can here enumerate principal
influences:

— condition of the sea and strength of the wind;

— transverse and longitudinal swing of the ship;

— level of immersion of the ship and its propeller;

— periodical raising out of the propeller of the
water;

— the displacement of the ship’s gravity center
called out by the loading etc.

The situation is being complicated by the fact,
that one can't subordinate the work of the Main
Engine to the exploration requirements of the shaft-
-generator. This results from the conditions of the
safety of navigation. In effect, labile rotary speed
of the main shaft causes labile frequency in the
electric net, what is harmful.

Taking into account these circumstances set
certain requirements for the mathematical model,
which contains the description of the shaft-gene-
rator.

The choice of the type of the ship
adjustable propeller or steady propeller

It is believed that the adjustable propeller system
favors the use of shaft-generator. It is not so
obvious. It depends on the specific solution and
adopted criterion of propeller control. Propeller
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type selection is dictated by kind of ship and its
destination (scheduled jobs). There is a consider-
able number of solutions of adjustable propeller
systems. Generally adjustable propeller systems can
be divided into:

— separate steering of the stroke of the propeller
spades (%) and rotary speed (n);

— adjustment by the stroke of the propeller only
(h#const), near the stabile rotary speed
(n = const);

— simultaneously program control of both parame-
ters (h # const; n # const);

— automated, self-regulating systems.

While separate steering, operator gives both the
parameters separately, with the support of suitable
charts and diagrams, with regard to the conditions
of navigation and the technical condition of the
Main Engine. The last two systems from the prin-
ciple enter the changes of both parameters. This
results in a labile rotary speed of the main shaft.
This situation is usually accompanied by a control
based on the criteria:

— reaching optimum ship’s speed;
— the optimum fuel consumption.

There is no doubt that, the hardest working con-
ditions of shaft-generator take place on ship with
steady propeller. This case should be considered
and included in the mathematical model.

Only second type of adjustable propeller pro-
vides supportive conditions of work for the shaft-
-generator. This kind of steering the adjustable
propeller had been chosen as the object of the
description.

Principles of description of the propulsive
complex

The propulsive complex contains the main
motor, main-shaft and the propeller. As it had been
already mentioned, rotational speed of this complex
depends on operating conditions — including sea
state. Decisive impact has undulation of the sea that
often causes periodical propeller’s raising out of the
water.

It is the most difficult enforcement operating
on the shaft generator because in practice it means
suddenly changing working conditions of the
propulsive complex — from 100% unload to 100%
load. This is accompanied by a sudden, wide range
change of the rotational speed of the main shaft.
There is direct relationship between rotational
speed of the main shaft and the frequency (f) of the
electricity network. Rotational speed also affects
the fluctuation of active power produced by the
shaft generator.

The above analysis shows an important conclu-
sion. Main engine should be described as main
shaft’s variable speed control object.

Such an approach avoids taking into account the
impact of combustion, supplying of air and dis-
charging exhaust gases on rotational speed of the
shaft generator.

The “Woodward” UG — CTL controller had
been chosen as the main shaft’s rotational speed
controller. It is one-parameter controller with rigid
feedback. Its choice determines the relative simpli-
city of operation, reliability, high power of execu-
tive and the fact that it is still widely used in fleets
of many countries.

Choosing the type of electrical machine
as a shaft generator

From the standpoint of the shaft generator, the
main engine serves as variable rotational speed’s
drive [1, 3]. This causes difficulties in maintaining
constant voltage (U) and frequency (f) in electrical
network. Voltage problem may be considered as
solved because of the widespread use of excellent,
electronic, very fast-acting voltage regulators. They
are able to maintain constant voltage over a wide
change of speed of the generator. The problem of
frequency is still valid.

There are many solutions of shaft generator’s
systems [1, 2, 3, 4, 5, 6]. They differ from each
other in the idea of work and in the way of stabi-
lizing the frequency (f) current and voltage. One
can observe two main trends:

— stabilizing the rotational speed (n) between the
main shaft and the electric machine;

— stabilization of the frequency (f) by electric
methods if fluctuations of the main shaft’s rota-
tional speed will be allowed.

In light of Classification Societies laws, shaft
generator can be only considered as a basic source
of ship’s electrical power if it is capable to long-
-term, trouble-free parallel cooperation with the
traditional ship’s generator [1, 2, 3, 4, 5, 6]. In fact,
there is no such a universal solution that can satisfy
all the requirements of the law. The possibility of
such an investigation must be taken into account
in the simulation model.

Synchronous electric machine is the main source
of electric power of alternating, three-phase, sinu-
soidal current on ships all over the world. It is also
used in 90% of linear alternators, which are cur-
rently in operation. The alternative is to use
an asynchronous machine but its commonly known,
operating difficulties during working as a generator
make that it is used reluctantly and only in a small,
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experimental solutions of linear alternators [3, 4, 5].
For this reason, described model assumes a syn-
chronous, three-phase machine.

By description of electromagnetic phenomena in
three-phase, synchronous machine should contain
Gorewa—Park’s equations [2] with the following
assumptions:

— synchronous machine should be treated as a
two-phase machine in the coordinate of (¢, d);

— coordinate of (g, d) spins with a frequency of the
rotor of shaft generator;

— equations should be written using relative units.

Then the number of differential equations will
be limited this way, what will facilitate analysis of
the results. Usage of relative units will allow to
compare changes of different physical parameters.

Description of the generator in the ship’s
power plant

Standard three-phase generator of alternating
current that is used in ship’s power plants consists
of:

— two machines, auxiliary Diesel’s engine as drive
and three-phase synchronous machine as a gene-
rator;

— two regulators: rotational speed regulator of the
auxiliary engines (4E) and synchronous machi-
ne’s voltage regulator.

In this case, the task of the auxiliary motor (4E)
is completely different from the task of main engine
(ME). Its work is entirely subordinated to the needs
of the generator. The only task is to maintain
a constant rotational speed (n = const) of the com-
plex during widely balancing load of electric pow-
er. Constancy of the rotational speed is equivalent
to the constancy of frequency in ship’s electrical
network.

This task is being fulfilled by Diesel’s rotational
speed regulator. The UG-8 Woodward’s controller
had been selected for this model because of its
widespread use. In general, both the frequency of
electric current and the amount of produced active
electric power (P) depend on rotational speed regu-
lator’s work.

When operating with a single unit in ship’s net-
work, it affects only the frequency (f). When ope-
rating in “rigid” net, it affects only active electric
This task is being fulfilled by Diesel’s rotational
speed regulator. The UG-8 Woodward’s controller
had power (P). With the parallel cooperation of two
units of the same power, it affects both of these
factors, depending on the circumstances. Descrip-
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tion of the controller’s dynamics will be equivalent
to a description of dynamics of the auxiliary motor
(4E).

Voltage regulator maintains voltage stability (U)
in the network, but also affects the reactive power
(Q). Adequate interaction depends-as noted above-
-on whether the unit is working alone or it is in
parallel work with another unit. Electromagnetic
processes in this generator, similarly like in the
shaft-generator should be also described by
Gorewa—Park’s equations.

Description of ship’s network load by
electric power

A mathematical model of electric energy receiv-
ers [3] should contain a description of:

— static load, which determines the level of de-
mand for electric power;

— the dynamic load, which affects the transient
electromagnetic processes in the marine system.

Three-phase asynchronous machine working
as a motor’s is expected to create dynamic load.
It fulfills this task very well. Asynchronous ma-
chine fulfills this task very well. It is difficult to
use, fast and sensitive to the quality parameters of
electric power. Changing the conditions of its pow-
er supply, immediately calls electric network dis-
turbances in electric network and affects work of
other receivers and regulators in the generator’s
units.

Electromagnetic processes in an asynchronous
machine can be also described by system of
Gorewa—Park’s differential equations. This method
is widely recognized and takes into account the
impact of magnetic saturation in the three-phase AC
machine with overload.

Conclusions

The development of computer technology had
allowed developing of a new research method —
simulation of technical facilities. The benefits of
simulation studies do not require comment. The
aim of every simulation is to create an accurate
mathematical model of testing object, or system.
However, like any research method, this technique
has its limitations.

They are associated with the problem of the
credibility of results. Therefore, it is very important
to use the mathematical description of various parts
of the system commonly recognized methodology.
Then a new quality — a comprehensive and reliable
model of the whole system will be received.
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