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Introduction. The increasing complexity of autonomous electric power systems, including
marine electric power systems, is accompanied by an increasing complexity of the tasks that
control and automation systems must solve. At the same time, the volume of information support
tools increases significantly, as a result of which both the number of microprocessor modules and
the connections between them increase. In recent years, the UML language has been used for the
design, specification, visualization, construction and documentation of various systems [1, 2].
However, as practice has shown, the use of UML tools in the development of real-time systems,
in particular control systems, has a number of limitations [3]. In order to solve this problem, the
UML-FB standard IEC 61499 [4, 5] was developed, in which objects are presented not as classes,
but as functional blocks (FB) — idealized "devices" performing a particular function according to
an internal algorithm and having input and output events and variables. Based on such FB, it is
possible to build real-time systems of any complexity with control of numerical parameters, and,
consequently, to analyze an idealized system.

The aim of the research is to develop and model an automated control system for a marine
diesel-generator using the UML-FB standard in the FBDK environment to improve the efficiency
of designing and analyzing power plant control systems.

The model of the diesel includes an engine model with a speed stabilization system that
controls the fuel supply level depending on the shaft load. The main states of the diesel are as
follows:

— not running;

— running;

— the shaft load does not exceed the maximum engine power — the nominal shaft speed is
maintained by increasing the fuel supply; this value is represented as a percentage of the maximum
value:

P
Acceleration = % -100% .

— the load on the shaft is greater than the maximum engine power. In this case, the fuel
supply is maximum (and does not increase), the shaft speed begins to fall and is determined by the
equation:

Q= 0.05(Pnax — Pload ) —2
where 0.05 is the weighting factor of the shaft load influence on the engine speed, €2,0,=157 is the
nominal revolutions (rad/s);

— the load on the shaft reaches a critical value (at low power P,y gpyer=2p_ > OF the

nom>»

rotor speed drops to 100 rad/sec) — emergency engine shutdown.

Thus, the FB «DIESEL» will have three inputs — maximum engine power
(POWER MAX), shaft load power (POWER LOAD), start permission (ENABLE START), and
one input event — start (EVENT «START»). The output data will be: the current fuel supply level
as a percentage of the maximum value (ACCELERATION), engine shaft (rotor) rotation
frequency (ROT FREQ), overload signal (DROPOUT), emergency stop signal
(EMERGENCY_STOP), information about the function execution (EVENT «ONy).

The functional block of the generator includes the generator itself and the control system
for stabilizing the output voltage level by changing the excitation current. The main states of the
generator:
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— off (if the diesel shaft does not rotate);

—on;

— the network load does not exceed the maximum generator power (the nominal value of
the output voltage level is maintained by changing the excitation current — the value of which is
given as a percentage of the maximum value:

Pload -0,05+1- (L, —€2)
Prax -0.05

where 0.05 and 1 are the weighting factors of the influence of parameter changes on the output
voltage level;

— the load in the network exceeds the maximum generator power or/and the rotor speed
drops to a critical value — the excitation is maximum and does not increase, the output voltage
level is determined by the equation:

U = Pnax - 0.05 = Flpaq _electric ” 0.05-(Q0p =€) 1+ Upppy -

where Qnom=157 — nominal rotation speed (rad/s), Unom=380V — nominal effective voltage at the
output;
— the network load and/or the rotor rotation speed reached a critical value, at which

Pload -0-05+1-(Qyom =€) 000 2000
P -0.05

or the output voltage is less than 300V — emergency disconnection from the network.
The mechanical power on the generator shaft, taking into account its efficiency 85%, is
determined by the equation:

-100% ,

Excitation =

P Floaa _electric
load mechanic =
- 85%

Thus, the FB « GENERATOR» will have three input variables: the maximum generator
power (POWER MAX), the network load power (POWER _LOAD_EL), the diesel shaft rotation
frequency (ROT_FREQ), and one input event — start (EVENT «ROTATEy). The output data will
be the excitation current level, as a percentage of the maximum value (STIMULATION), the
mechanical load on the generator shaft (POWER LOAD_MC), information about the output EMF
— the effective value (VOLTAGE), frequency (FREQ), an overload signal (DROPOUT), an
emergency shutdown signal (EMERGENCY SHUTDWN), information about the function
execution (EVENT «ONy).

After the diesel and generator models have been created, a composite diesel-generator FB
«DIESEL__GENERATOR» can be created (Fig. 1).

DIESEL

RUN

DIESEL
DIESEL_POWER_MAX —POWER_MAX ACCELERATION DIESEL_ACCELER
POWER_LOAD  ROT_FREQ|——

ENABLE_START  DROPOUT DIESEL_DROPOUT
BJERGENCY_STOP B Y_DIESEL_STOP

ENABLE_START

GENERATOR

ROTATE ONJ ON

GENERATOR

GENER_POWER_MAX POWER_MAYX STIMULATION GENERATOR_STIMUL
POWER_LOAD POWER_LOAD_EL POWER_LOAD_MC
——ROT_FREQ VOLTAGE[——————————————VOLTAGE

FREQf|———FREQ
DROPOUT GENERATOR_DROPOUT
BMERGENCY_SHUTDWN - BAERGENCY_GENERT_SHUTDWN

Figure 1 — Internal structure of the DIESEL. GENERATOR block

In Fig. 2 it is shown the test window for the created diesel-generator functional block.
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< DIESEL_GENERATOR_TEST (=) o)Es INITIAL | 1
Restart
[ RUN @ on RUH
120000 |379.9502
100000 |50.0
100001 |98 04019
[¥] ENABLE_START 100.0 1

[ EMERGENCY _GEMERT_SHUTDWWN

f') EMERGENCY_DIESEL_STOP

DIESEL _DROPOUT
5 GENERATOR_DROPOUT LOAD_DISTRIE — L 0aniNG —{Loanins[oone]

a b
Figure 2 — Simulation of the diesel-generator functional block operation:
a — test window; b — state flow chart

In the example shown, the load power is greater than the generator power, so a generator
overload signal is issued. The network voltage, frequency, fuel supply level and excitation current
are also displayed. These parameters are determined by the static characteristics of the diesel and
generator, which are described at the design stage of the unit (functional block).

There are programs that allow developers to transform the created models on UML-FB into
models of «classical» UML (and vice versa). To do this, it is needed to create a class diagram and
state diagrams for each class that describe the algorithm of its operation. It's important to note that
implementing such transformations typically requires a deep understanding of both source and
target metamodels, as well as proficiency in model transformation languages like ATL (Atlas
Transformation Language). The main advantages of the new standard in relation to the «classical»
are the ability to obtain numerical characteristics of the system and the proximity of the ideology
to the features of real-time systems.

Conclusion. The conducted analysis of existing control system modeling methods showed
insufficient adaptation of traditional means for designing distributed energy systems in the marine
industry. In this regard, the use of the UML-FB approach allowed us to propose a more universal
and structured method for constructing control system models. As a result of the research, a model
of the automated control system of a marine diesel generator has been developed using the UML-
FB standard in the FBDK software environment. Practical implementation of the marine diesel
generator model in the FBDK environment demonstrated its operability, flexibility in design and
the possibility of further scaling of the system.
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