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Abstract: The article describes the development and simulation of a stand-alone hybrid power system
based on a variable-speed diesel generator and a hydrogen fuel cell generation system. The goal of the
research was to investigate the electromagnetic processes of this power system, which supplies power
to autonomous energy consumers with varying load demand. MATLAB Simulink was used to simulate
the proposed hybrid power system and check its operating capacity. The results of the simulation
include the dependencies of current and voltage changes in the critical components of the hybrid
system at stepwise load rate changes. In the future, the developed models and simulation results will
allow researchers to select semiconductor devices and create microprocessor-based control systems
for electric power installations that meet specific requirements. The dual-channel power system can
provide a required power output of 3 kW when powered by a diesel generator and 1 kW when powered
by a hydrogen fuel cell. At the same time, the total harmonic distortion (THD) at a load between 100 W
and 3 kW varies within acceptable limits between 3.6% and 4.4%. It is worth noting that these higher
power complexes can be incorporated into stand-alone electrical grids as well as centralized
distribution systems for power deficit compensation during peak loads.

Keywords: hybrid power system; diesel generator; hydrogen fuel cell; electromagnetic processes; DC-DC
converter; PWM inverter
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1. Introduction

Current worldwide trends in the field of electric power engineering are the reduction of carbon
emissions and the decentralization of power generation, with the aim of improving environmental
friendliness, reliability, and the quality of electricity supply to consumers [1]. One of the primary
technologies that reflect and implement these trends is distributed generation, which refers to a
low-power generating system that uses technologies of various types and produces electricity at the
consumer's location [2].

One of the main reasons behind the development of distributed energy generation is the need to
support the operation of a large number of consumers in regions without a centralized power supply
system. The expansion of distributed energy use in these areas improves energy security, reduces
electricity transmission losses, and enhances the security of the energy supply for consumers [3].

Currently, diesel generators are most commonly used to provide power to remote locations, as
they have high reliability and relatively long service life [4]. However, they do have some
disadvantages. Most existing diesel generators operate at a fixed (nominal) speed over the entire range
of loads. This means that the internal combustion engine operates at a constant speed, even when the
load on the generator changes. This results in suboptimal fuel efficiency, or reduced efficiency. Using
a diesel generator with a variable speed drive engine, dependent on the load on the machine itself, can
result in significant fuel savings of up to 20%.

It should be noted that the development and research of hybrid power systems based on diesel
generators (DGs) with variable rotational speed constitute a relatively new technical direction in the
field of small-scale power generation [5]. The main advantages of these plants include the stability of
the power supply to consumers, the ability to maneuver, and the reduced negative impact on the
environment [6]. It is most frequently proposed to combine DGs with power plants that use alternative
energy sources [7].

A significant number of current global studies are devoted to the development and exploration of
hybrid power systems. The primary focus of researchers is on incorporating renewable energy sources
into existing conventional power generation facilities. A hybrid power system based on a diesel
generator combined with solar and wind generation is discussed in detail in article [8]. During the
modeling process, the authors investigated the operation of the power installation by gradually
increasing the electrical load power (from 500 to 2,000 V-A at a power factor of 0.9 and a frequency
of 50 Hz). They also tested the operation of energy converters during this process. This research
demonstrates the efficiency of a hybrid power system that combines a diesel generator with renewable
energy sources, such as solar and wind power. The article [9] discusses the potential integration of
renewable energy sources, such as wind and solar power, into a diesel-powered power plant that would
serve oil and gas facilities. Options for implementing a wind farm or a solar panel farm were considered.
However, the first option was chosen because solar panels are not effective in this region due to the
low levels of sunlight. Additionally, the optimal configuration for the wind farm's equipment was
determined. A hybrid power system for marine transportation is presented in [ 10]. This system consists
of photovoltaic solar panels, a hydrogen fuel cell, and a diesel generator. According to the study, the
system can reduce greenhouse gas emissions by 15% and produce 20% of its electricity from a fuel
cell, which is powered by hydrogen. In [11], a three-channel power generation system is investigated,
consisting of a wind turbine, a diesel generator, and a fuel cell. The wind turbine and the diesel
generator are the main channels for producing electric energy, while the fuel cell serves as an auxiliary
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source. The management system for the installation is also considered.

There is also a lot of research into the development of hybrid power plants that operate only on
renewable energy sources. These types of power plants are becoming especially popular due to the
increasing number of renewable energy options available, because hybrid power plants can help to
improve the reliability of the power supply for consumers. In the article [12], the authors developed a
hybrid power generation system that combines a wind turbine, solar panels, and batteries Studies were
conducted to evaluate the system's performance under different operating conditions. The results
showed that the hybrid system achieved maximum efficiency during the summer months, with 78% of
electricity generated from the wind turbine. In [13,14], the issue of integrating renewable energy
sources into the electricity grid is discussed. The authors proposed using a direct current (DC)
microgrid to simplify the control of electrical parameters and lower costs. The integration of large
amounts of renewable energy systems necessitates the transformation of existing networks. As
renewable energy facilities are gradually introduced, costs decrease thanks to the advancement of their
production techniques, making it feasible to integrate new power stations into distribution networks at
minimal cost.

Generating power from hydrogen fuel cells, with water as a reaction product, is becoming one of
the most promising sources of energy today [15]. Key advantages of fuel cells are higher energy
efficiency due to their reliability (absence of moving parts) and absences of intermediate stages of
energy conversion (electrical efficiency up to 60%), polluting emissions, and noise [16]. Hydrogen
fuel cells are already widely used in the transportation industry, space sector, etc. [17-21]. Meanwhile,
fuel cells have some disadvantages, such as slow dynamic response, long starting time, and soft
discharge characteristics [22]. These problems can be addressed by combining fuel cells with other
energy sources in a hybrid power generation system. The articles [23,24] discuss technologies for
integrating hydrogen energy into hybrid energy systems. They pay special attention to the generation
of electricity using hydrogen fuel cells. They also consider the issues of energy storage systems, power
flow management, and optimization algorithms and software for control systems. A method was
proposed for optimizing the performance of hydrogen systems which allows for the numerical
assessment of environmental, socio-environmental, and technical factors. The article [25] discusses
the idea of incorporating fuel cells into a hybrid transportation system. A study on the economic
viability of implementing a hydrogen fuel cell installation was conducted. As a result, a bus equipped
with a serial hybrid system and lithium-ion batteries was designed.

Currently, a significant amount of research is devoted to optimizing hybrid power plants. In [26],
the authors developed a hybrid power grid based on solar panels, wind turbines, batteries, and diesel
generators. The optimization process revealed that the proposed network configuration offers optimal
power generation with minimal investment and emissions. In [27], the researchers developed an
algorithm for optimizing Raspberry Pi Pico controllers for solar panels. This algorithm achieves the
maximum output power from solar panels, confirming its efficiency and highlighting the potential for
placing solar panels as trees. The article [28] describes a modification to a high-voltage DC converter
designed for use with renewable energy sources. Additionally, studies [29,30] analyzed various
methods for optimizing hybrid energy systems based on renewable energy sources.

This work focuses on the development and simulation of a stand-alone dual-channel hybrid power
system based on a variable-speed diesel generator and hydrogen fuel cell system. The main advantage
of this proposed design is the utilization of a variable-speed diesel generator, which significantly
decreases specific fuel consumption in comparison to conventional power plants with a constant-speed
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generator. This allows for optimal thermal conditions and reduces wear on the engine, leading to
increased engine lifespan.

The aim of this study was to investigate the electromagnetic characteristics of a proposed power
plant during operation with autonomous consumers with variable stepwise load profiles. The results
allow us to establish the optimal configuration and specifications of electrical components for the
subsequent implementation of a prototype dual-channel hybrid power system.

2. Stand-alone dual-channel hybrid power system structure

Figure 1 shows the structure of a stand-alone dual-channel hybrid power system developed by the
authors. Due to the larger number of adjustable parameters, the dynamic requirements of the
stabilization circuits can be reduced, and the output voltage can be maintained at a high-quality level.

This system provides the consumer with electric power from two different energy sources. The
primary source, which is a variable speed DG, stabilizes the output voltage and frequency. The DG
consists of an internal combustion engine that rotates a three-phase synchronous generator. The load
power at the diesel generator feeding is P = 3 kW with a nominal phase voltage of Uphase =220 V and
a frequency of f =50 Hz.
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Figure 1. Stand-alone dual-channel hybrid power system structure.

When the main power generation channel is active, the switch K1 is closed, and K2 is open. The
diesel engine (DE) drives a three-phase synchronous generator (SG). When the load power increases
from zero to its nominal value, the rotation speed of the engine shaft and, consequently, the amplitude
of the generator voltage will vary within a wide range. A controlled rectifier, connected to the generator
via the impedance of an RL transmission line, stabilizes the output voltage at 250 V. This ensures that,
despite changes in the speed of the diesel engine shaft, the required constant voltage is maintained at
the DC link output.

From the output of the three-phase thyristor converter, a six-pulse rectified voltage is supplied to
the first LC filter. Next, the smoothed voltage from the DC link (from the first filter) is supplied to a
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three-phase pulse width modulation (PWM) inverter. The PWM inverter output voltage is then supplied
to the second LC filter. At the output of this filter, the smoothed sinusoidal voltage UL-Lis 220 V. The
step-up three-phase transformer increases the voltage to the desired nominal value of 380 V.

The auxiliary power generation system with a lower power capacity (Pnom =1 kW, UL.L= 380 V)
is powered by a hydrogen fuel cell system. The key component in the hydrogen fuel cell (HFC)
structure is the hydrogen fuel cell stack, which significantly influences the efficiency and reliability of
the power supply through this second channel. The model uses the parameters of the Horizon H-1000
X-Series hydrogen fuel cell to power a 1 kW load.

During operation of the second power generation channel, the switch K2 is closed, and the switch
K1 is open. The voltage of 44 V from the hydrogen fuel cell is supplied to a step-up DC-DC converter.
The output of the converter supplies a voltage of 250 V to a three-phase PWM converter, which then
goes through an LC filter and a step-up transformer before reaching the load. When the load changes
from 0 to its nominal state, the control system adjusts the output voltage of the step-up DC-DC
converter to maintain it at the required 250 V level.

3. Materials and methods

During the design and development stages of energy complexes with complex structures, it is
practical to use computer simulation modeling. Computer modeling allows one to research
electromagnetic processes of the developed facility, determine the optimal control system structure,
and solve the problem of electromagnetic compatibility of the power system major components, as
well as load issues. Therefore, simulation modeling in a MATLAB Simulink environment was chosen
as a research methodology.

3.1. Simulation model of a stand-alone dual-channel hybrid power system

The structure of the simulation model is based on an experimental power system prototype. The
hybrid system model was developed using the MATLAB Simulink visual programming environment,
which includes elements from the SimPowerSystems library for electrical devices. To solve the
differential equations, the ode23tb solver was used. This solver employs the Runge-Kutta method for
the initial part of the solution and a second-order implicit differentiation formula for the final part. This
approach ensures high performance and accuracy in the model. The end time for the simulation is
determined by the completion of transient processes that occur when the load changes.

Figure 2 shows a stand-alone dual-channel hybrid power system (SDHPS) simulation model
developed using the MATLAB Simulink software package. The model consists of the following
key components:

* diesel engine,

* diesel engine control system,

» three-phase synchronous generator,

» three-phase bridge-circuit thyristor rectifier with smoothing exit filter,

« thyristor rectifier pulse-phase control system,

* autonomous voltage inverter with smoothing filter,

* PWM control system,

* step-up three-phase transformer,
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* hydrogen fuel cell,

* hydrogen fuel cell control system,

* step-up pulse DC/DC-converter,

* DC/DC-converter control system,

* Joad,

* microprocessor-based control system of stand-alone dual-channel hybrid power system.
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Figure 2. SDHPS simulation model.

Table 1 shows the main parameters of the SDHPS simulation model blocks. The technical
characteristics of the actual blocks of the hybrid power plant physical prototype have been used as
parameters for the blocks in the simulation model. These values were obtained from publicly available
catalogs (reference books) on electrical equipment and semiconductor components.

Table 1. The nominal parameters of the system units in MATLAB Simulink.

System unit Parameter Value
Diesel engine Power, hp 4
at crankshaft speed, rpm 3,000
Three-phase synchronous generator Rated speed, rpm 3,000
Rated power, kV-A 35
Rated voltage, kV 0.4
Frequency, Hz 50
Number of phases 3
Three-phase bridge-circuit thyristor Rated mains voltage, kV 0.38
rectifier Network frequency, Hz 50
Rated load current, A 10
Output voltage, V 0+350
Autonomous voltage inverter Input voltage, V 250
Rated power, kW 3
Rated load current, A 8

AIMS Energy

Continued on next page
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System unit Parameters Value
Output voltage, V 220
Step-up three-phase transformer Rated power, kV-A 35
Low voltage (line), V 150
High voltage (line), V 380
Windings connection AY
Hydrogen fuel cell Rated power, W 1,000
Efficiency, % 56
Output voltage, V 44
Fuel supply pressure, bar 0.6
Operating temperature, C 65
Maximum hydrogen consumption, I/min 34
Step-up pulse DC/DC-converter Frequency, kHz 10
Rated output voltage, V 250
Rated load current, A 4
Load power, kW 1
Input voltage, V 44
Load Rated line voltage, V 380
Windings connection Y
Maximum power, kW 3

3.2. Diesel engine simulation model

As mentioned above, a synchronous generator is powered by a turbocharged internal combustion

engine. The system of equations described below applies to this type of engine [31].

(Taxp + 6Du)Y0 = leA — Mo’ )
(Trp + 8p)yt = Kryo — Ya;
(Tkp + Sm)ya = y1 — KxYos [
(Taxp + 8p)yo = Xo — kpya;
(Trp + 81)yr = KnXo + Kr¥o — ¥a

Figure 3 shows the structure of the DE model, which is based on Eq 1.

AIMS Energy

Ke8c = Xo + OpYo; J

(1)
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Figure 3. Structural diagram of a diesel engine simulation model.
3.3. Synchronous generator simulation model

A synchronous generator model is an essential component of the SDHPS model. The model was
developed based on Park-Gorev equations in a d-q coordinate system using per-unit notation [32].

When deriving the differential equations for a synchronous machine, several standard
assumptions have been made:

e The positive directions of voltages and currents coincide with the positive d and q axes.

e The positive current directions of the excitation winding and damper winding also coincide
with the d and q axes.

e The stator windings are assumed to be symmetrical, and there are no high spatial harmonics
in the field.

e Iron losses and the dependence of resistances on temperature are neglected.

e The positive armature current direction is opposite to the d and q axes.

Considering the presented assumptions, the equations for the synchronous machine can be written

as follows:
ud=—r1-id+p-tpd-ﬂio—tpq-w; )
uq=—r1-iq+p-‘Pq-Qio+‘Pd-u); (3)
ufzrf'if‘l'p'qu'ﬂio; 4)
ukdzrkd'ikd‘l'p'qlkd'ﬂio:oi (5)
uqurkq'ikq‘l'p'lpkq'ﬂioz(); (6)
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Wy = Xma(—ig + i + ixa) — Xas " 1o (7
Wq = Xmq(—lq + ikq) + Xas " ig; (®)
Wr = Xma(—iq + it + Ika) + Xgs - g )
Wid = Xma(—iq + if + ixa) + Xkds * Ikas (10)
Wq = Xmq(—lq + ikq) + Xkgs * kg’ (11)
ui = uj + u; (12)

i2 = i3 +i3; (13)
P=uq-ig+uq-ig (14)
Q= —uq -ig+uq-ig; (15)
u=%-‘;—"t’+wq-id—tpd-iq. (16)

Figure 4 shows a synchronous generator model, developed according to Eqgs 2-16.
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Figure 4. Synchronous generator simulation model.
3.4. Bridge-circuit thyristor rectifier simulation model

To regulate the output voltage of the DC link, the bridge-circuit thyristor rectifier is installed at
the output of the synchronous generator. It is advisable to use a controlled rectifier to ensure
electromagnetic compatibility during the parallel operation of the diesel generator set and the hydrogen
fuel cell, in case of a wide change in load power.
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It should be noted that the study of joint parallel operation is beyond the scope of this article. This
paper considers the separate operation of two power generation channels.

The model was created using standard elements from the SimPowerSystems and Simulink
libraries. The control system for the thyristor converter includes a proportional integral (PI) voltage
controller. The controller generates control pulses for each of the six thyristors in the rectifier bridge.

3.5. PWM inverter simulation model

A SimPowerSystems Universal Bridge with insulated-gate bipolar transistor (IGBT) library
contents block was used to create a three-phase inverter power circuit. Due to PWM, the voltage is
regulated at the frequency converter output, and its form is approximated to the sinusoidal one. The
autonomous voltage inverter (AVI) control system contains a PI voltage controller. An LC filter is used
to smooth the PWM signal at the autonomous voltage inverter output.

The filter is primarily used to provide the desired AC total harmonic distortion (THD) in
stationary mode. As soon as a three-phase inductive transformer is connected to AVI output, the filter
calculation is approximate. Filter parameters’ adjustment may be required further on, taking into
consideration on-load non-linear voltage distortion coefficient. The filter parameters’ calculated values
for carrier frequency fk = 2000 Hz are Lr> 6.5 mH, Cr= 12 pF.

As shown in Figure 1, a step-up transformer is positioned after the filter, with load Zi connected
to the transformer output. The standard model of the three-phase transformer from the
SimPowerSystems library is used.

3.6. Hydrogen fuel cell simulation model
For 1 kW hydrogen fuel cell modeling, the library cell Fuel Cell Stack of the Electric Drives/Extra
Sources library with real stack parameters Horizon H-1000 series X was used.

Calculated current-voltage characteristics of the HFC model and its nominal parameters are
shown in Figure 5 [33,34].
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Figure 5. Hydrogen fuel cell model parameters.
The voltage from the hydrogen fuel cell is converted to a higher voltage using a pulse step-up
DC-DC converter (Figures 1 and 2). These converters are more efficient than continuous voltage
stabilizers and can also have good weight and size characteristics in some cases.

3.7. SDHPS experimental prototype

The SDHPS experimental prototype was developed to verify the simulation results. Figure 6
shows a photo of the prototype main blocks: (a) hydrogen fuel cell and (b) diesel generator set.
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Figure 6. SDHPS experimental prototype blocks: (a) HFC, (b) DG.
The main characteristics of the physical models for HFC and DG are presented in Table 1.
4. Results

The results of the physical and simulation experiments are presented in terms of the time
dependencies of the individual SDHPS units, with a stepwise change of the load (Figures 7 and 8).

Figure 7 shows the dependencies of the load current licad, the rotational speed of the synchronous
generator shaft o, the control angle of the thyristor rectifier ay, and the voltage at the output of the
rectifier U4, with a stepwise changing load curve.

The following markings are used in Figures 7 and 8: The blue solid line represents the result of
simulation modeling, the red dashed line represents the results of physical modeling.
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Figure 7. Time dependencies: (a) load current, (b) internal combustion engine (ICE) speed
variation, (c) bridge-circuit thyristor delay angle, (d) bridge-circuit rectifier output voltage.
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Initially, the synchronous generator was operating with a load of 1.15 kW. The rotational speed of
the generator shaft was 190 rad/s, and the load current was 1.75 A at this point. At times t=15s, 20 s,
and 25 s, there were stepwise changes in the load. In the interval from 0 to 15 seconds, the load
remained at 1.15 kW. Between 15 and 20 seconds, it increased to 2.05 kW. From 20 to 25 seconds, it
reached 3 kW. Finally, between 25 and 30 seconds, the load returned to 2.05 kW.

At time t = 15 s, with a load of 900 W, the rotation speed of SG increased to 240 rad/s. When an
additional 1 kW load was applied at time t = 20 s, the rotation speed of the SG shaft increased to 330
rad/s. As the load decreased at t = 25 s, the shaft speed decreased to 240 rad/s. The SDHPS control
system adjusts the rotation speed of the generator's shaft based on changes in load, allowing for an
efficient mode of operation for the diesel engine. This is described in the paper [31].

Depending on the load, the SDHPS control system adjusts the control angles of the bridge
rectifier's thyristors. Figure 7(c) shows a graph of the corresponding change in angle ay. At a load of
P = 1.15 kW, the angle is 55 degrees, while at a load of 2.05 kW, it is 50 degrees, and at 3.05 kW, it
drops to 40 degrees. Studies have shown that as the load changes from no load to full capacity, adjusting
the control angle helps to stabilize the output voltage of the bridge rectifier at Ua = 250 V & 5%. In this
scenario, the load voltage remains within AU1 =380 V +2.5%, as shown in Figure 8. This demonstrates
the proper operation of the SDHPS control system within the specified load range.

400

350

300

250

200

150

100

50

Figure 8. The time dependence of the line voltage effective value on the load.

Spectral analysis of output voltage (on-load voltage) was carried out to assess voltage quality.
Figure 9(a) shows spectral distribution and coefficient value of line voltage non-linear distortions after
the filter, and Figure 9(b) shows this after the transformer or on-load at load power P = 1500 W.
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Figure 9. Voltage spectral analysis: (a) after the filter, (b) after the transformer or on-load.

It can be observed that the non-linear distortion coefficient in the first case is THD = 4.18%, while
in the second case THD = 3.82%. Higher harmonics amplitudes do not exceed 3% of the first harmonic.
It can be concluded that, due to the transformer's inductance, the quality of the voltage delivered to the
load has been slightly improved.

Figure 10 demonstrates the dependence between the nonlinear voltage distortion factor and the
load level, ranging from 100 W to 3 kW, for the simulated (blue line) and physical (red dotted line)
systems. In this case, the total harmonic distortion varies between 4.4% and 3.6% for the simulated
model and between 4.6% and 3.75% for the physical prototype. Based on these findings, it can be
concluded that the voltage quality supplied by the load across the entire power range meets the
standards for 0.4 kV networks, with THD less than 8%.

4.5
4.25

3.75
35

Figure 10. The change in THD depends on the load power.

It should be noted that the difference between the simulation results and the data from the physical
experiment for all the studied variables is no more than 3%. This indicates that the simulation model
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has an acceptable level of accuracy. The discrepancy can be explained by the simplifications made in
the blocks of the simulation model.

As an example, Figure 11 shows the time dependencies of the output voltage, output current,
IGBT current, and IGBT voltage of the step-up DC-DC converter, obtained as a result of simulation.
The dependencies were calculated for a load of 1 kW and a carrier frequency of 10 kHz. Figure 11
demonstrates that the maximum collector current of the IGBT is 60 A, at a voltage of 250 V.

250.2
250.1
250

249.9

249.8
0

3.928
3.926
3.924

3.922

(d)

Figure 11. DC-DC converter time diagrams: (a) output voltage, (b) output current, (c)
IGBT current, (d) voltage on IGBT.
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The time dependences of the currents and voltages of the main components obtained as a result
of simulation make it possible to select a component base for constructing the power section of a
DC-DC converter.

5. Conclusions

A new stand-alone dual-channel hybrid power system, which uses a variable-speed diesel
generator and hydrogen fuel cells, has been proposed. The diesel generator is the main source of
electrical power generation. The hydrogen fuel cell acts as a backup power source. The dual-power
system provides 3 kW of power when powered by the generator and 1 kW when powered by the
fuel cell.

A unique feature of the proposed installation is the use of a developed variable-speed diesel
generator. This system can reduce specific fuel consumption by up to 30% compared to conventional
power plants that use constant-speed diesel generators. This allows for optimal thermal conditions and
reduces wear on the engine, leading to increased engine lifespan.

An SDHPS simulation model was developed which consists of the following main components:
diesel engine, synchronous generator, bridge-circuit thyristor rectifier, autonomous voltage inverter,
step-up DC-DC converter, HFC, L-type filters, and transformer. Current, voltage, and capacity
dependencies of SDHPS individual components were obtained as a result of computer modeling.
Harmonic analysis of on-load voltages was carried out. It was found that at stepwise load demand
change, THD non-linear distortion coefficient does not exceed 4.4%. At this, output voltage value
fluctuation does not exceed 1%. Thus, on-load voltage quality meets standards’ requirements.

The physical prototype of the SDHPS was described. The results of the computer simulation were
compared to experimental data obtained from a physical prototype, showing high convergence.

The simulation results confirmed the operability and effectiveness of the proposed technical
solutions. The introduction of the developed SDHPS into power systems for autonomous consumers
will increase continuity, reliability, and environmental friendliness in their power supply.
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Appendix A
Table A1. List of symbols and nomenclature.
Symbol Definition Symbol Definition
Yo, b shaft speed and engine load Wi excitation winding flux-linkage
YA forced air pressure I, I excitation winding and armature
winding active resistance
yr turbine rotor speed Md, Mg active resistance of the damper
winding along the longitudinal
and transverse axes
X0 fuel pump rack position Xmd, Xmq stator winding inductive
resistance projections on d and g
axes
Oc cyclical fuel delivery Xkdsy Xkgs damper winding inductive
resistance projections on d and g
axes
Taw T1, Tax, Tk constants of diesel time in load action Xfs, Xas dissipation inductive resistance
channel, turbocharger, intake manifold, diesel of excitation winding and
in regulatory action channel armature winding
Spps OD diesel self-regulation in load action and Mo load moment on SG shaft
regulatory action channels
37, Om intake manifold and turbocharger coefficients Qg synchronous angular frequency
ki, kp diesel shaft torque dependency ratios to J rotating mass moment of inertia
charging pressure and moment of resistance
change on diesel shaft at load power change
kT, Kk, Kn, Kg air-flow rate through the diesel de-pendency P active power
ratios to its speed respectively, turbine torque
dependency on its speed, turbine torque
dependency on fuel pump rack position,
diesel self-regulation
(ST diesel fuel-injection equipment gain ratio Q reactive power
Ud, Uq armature voltage vector projection on d axis, ® rotation speed
q
Ut excitation voltage V] electromagnetic moment
it excitation winding current Ua stator voltage
ia stator current m the number of rectification
phases
ig, i armature current vector projectionondand q  Uline line voltage

axes
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Continued on next page
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Symbol Symbol Definition
ikd, Ikg damper winding current projection on d and Uy mean on-load voltage
Wd, Wq d and g axes stator flux-linkage Wkds Wkg damper circuit projection on d

and g axes

Table A2. List of abbreviations.

Abbreviation

Meaning

AVI autonomous voltage inverter
CC coordinate converter
CS current sensor
DE diesel engine
DG diesel generator
FC frequency controller
FS frequency sensor
FCU fuel control unit
HFC hydrogen fuel cell
ICE internal combustion engine
LCS load current sensor
PI proportional integral controller
PWM pulse width modulation
SDHPS stand-alone dual-channel hybrid power system
SPG synchronized 6-pulse generator
SG three-phase synchronous generator
VR voltage regulator
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