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Abstract

Systems with microturbines are implemented for local generation of heat and
electricity. This paper presents the analysis of control concepts for a vapour
microturbine set with a generator with permanent magnets, intended to work
in small heat and power plants. Control system variants differed by the selec-
tion of controlled signals and set parameters. Possible ways of control were
discussed and compared with experimentally determined static characteris-
tics of the microturbine set. The simulation calculations were performed to
check the control systems operation in various expected operating conditions.
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1. Introduction

Distributed energy systems are decentralized, modular and flexible tech-
nology, which can comprise multiple generation and storage components [1].
In a dispersed power industry, low power devices are used for local gener-
ation of heat and electricity. Micro-cogeneration systems are appropriate
for institutional or office buildings, hospitals, hotels and family residential
buildings [2]. They can be one of the components of mini/micro-grids, which
are electrical systems that serve diverse users and can be interconnected and
interact with the main utility grid or operate independently [3, 4].

The development of micro-cogeneration systems takes place in different
areas. On the one hand, it is necessary to apply compact heat exchangers [5–
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7], on the other hand, micro-engines. Volumetric [8–10] and turbine [11–13]
engines are developed in parallel. Gas microturbines are applied [14–17] as
well as steam or vapour microturbines [18–22]. The Organic Rankine Cycle
is executed [23] with low-temperature heat sources (for example, geothermal
[24], ocean [25], solar [26, 27] or waste heat recovery systems [28, 29]). ORC
technology is considered as a prospective for cogeneration systems with a
household scale [30–32].

A microturbine set is designed for operation in particular conditions, i.e.
at given parameters of a working medium, and a given electric load. How-
ever, during operation lifetime a microturbine set can operate in conditions
differing from calculation parameters. In such a case, a turbine set will op-
erate at a partial load or an overload, the rotational speed can also change.
Not all of the above changes are permissible, due to strength reasons, the
durability of a generator winding and required values of voltage and current.
An adequate state of a microturbine set operation should be maintained as
a result of an action of an automatic control system. Two basic categories of
turbine control can be recognized: safety (protection) systems and process
systems [33]. The safety systems are intended to eliminate the possibility of
device damage. The process systems control the operation, so as to follow
the process conditions in a stable and efficient manner.

The control problems of the turbine sets can be found in the literature, but
most of them deal with large steam turbines [34–38], gas turbines [39, 40]
or gas microturbines [41, 42], which makes it difficult to draw conclusions
on low power vapour devices. Publications focusing on a control of vapour
microturbine sets for use in cogeneration micro power plants are very rare [43]
and do not use experimental and simulation results. In addition, these works
usually transfer the methods used in a ”macro” scale to ”micro” devices,
without introducing innovative solutions resulting from the specific features
of such devices.

When considering the concept of an automatic control system, it would
be necessary to have characteristics that take into account a possibly wide
range of operating conditions of the microturbine set. If the considered device
is a prototype, then the characteristics should be obtained as a result of an
experiment. Published results of the experimental examination referred to
vapour microturbines in changing operating conditions are rare [44–47].

This paper presents the analysis of selected variants of the automatic
control system for the vapour microturbine set with the generator with per-
manent magnets, intended to work in small heat and power plants. Experi-
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mental static characteristics of the microturbine set were prepared to present
the sample areas of control system operation. In some variants, the control
system performed its tasks by throttling the working medium in the control
valve situated at the turbine inlet. This method of microturbine sets control
is similar to that used for controlling high power turbine sets [48–53]. We
should bear in mind, however, that in microturbine sets, the basic task of
which is heat delivery, reducing a mass flow rate of working medium in a tur-
bine it does not have to be equivalent with fuel consumption decrease. In this
case, a flow rate of a working medium only depends on a demand for thermal
energy, and after reducing a flow through the turbine, its missing amount
is to be delivered through a reduction and cooling station, leaving aside a
turbine. That is why the alternative control method is proposed for vapour
microturbine sets, which consists in utilizing or dissipating surplus electrical
energy in a resistor. In this solution, an entire rate of working medium flows
through a turbine, and a reduction and cooling station is not used. This is
the innovative method not previously described in the literature.

The results of simulation tests of selected variants of the automatic control
systems for the vapour microturbine set were also presented and discussed.
The purpose of the simulations was to check whether in the transient condi-
tions the proposed control systems can properly carry out their tasks.

2. Concepts of micro-cogeneration units control

There are three main principles of cogeneration systems operation: top-
ping cycle, bottoming cycle and combined cycle [54]. In the case of the
topping cycle fuel is first used to generate the electricity, and a portion of
the waste heat from power generation is used to deliver useful thermal energy.
Bottoming cycle systems first produce useful heat, and recover some portion
of the exhaust heat to generate electricity. The topping and bottoming cycle
can be joined together to form a combined cycle.

The object of consideration is the micro-cogeneration unit operating with
the combined cycle principle. The general idea of such a system is schemati-
cally presented in Figure 1. The main components of this station are: a boiler
fit to combust different kinds of fuels, a high temperature thermal loop deliv-
ering heat and a low-temperature thermal loop delivering heat and electric
energy. The sample schematic diagram of a low temperature thermal loop is
shown in Figure 2. The main components of this unit are: an evaporator, a
microturbine with a low boiling working medium, a generator, a condenser
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Figure 1: The scheme of a cogeneration unit

Figure 2: A low-temperature thermal loop with an ORC unit, E - evaporator, T - turbine,
G - generator, C - condenser

and a circulating pump. In a presented heat cycle, electric energy is a by-
product and forms only about 10 - 20 % of total heat [55]. A cogeneration
unit, first of all, is intended for heat delivering and a microturbine set can
deliver as much electric power as it results from an amount of delivered heat
[43]. A microturbine set is connected, via a rectifier or a rectifier/inverter
system, with a power receiving system, which can be an individual receiver
or an external electric power system. Permanent magnets can be used to
replace an excitation winding of a synchronous generator.

If an internal electric power system of a supplied object is connected with
an external system electric energy can flow in either direction. If an amount
of electric energy produced by a power plant (depended on a delivered heat)
exceeds a demand of an internal electric power system, surplus energy is
transmitted to an external system. On the other hand, when a microtur-
bine set produces an insufficient amount of electric energy, its shortage is
compensated from an external system.

When an internal electric power system is not connected with an exter-
nal system, a situation may occur in which an amount of electrical energy
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produced by a microturbine set exceeds a total demand of all receivers in a
considered object. In this situation three types of an action can be consid-
ered:

� storing surplus electric energy produced by a microturbine set,

� reducing the electric power of a microturbine set by the decreasing a
rate of a working medium flowing through a turbine,

� utilizing or dissipating surplus electric energy produced by a microtur-
bine set.

Due to a limited capacity of potential energy accumulators an effective
storage of electric energy, in operating time intervals during which a micro-
turbine set produces more electrical energy than needed, would be limited.
Moreover, it should be considered whether electric energy receivers within
a dedicated electric power system will be able to consume earlier stored en-
ergy. Otherwise, a situation may occur in which full charging of accumulators
makes the further storage of surplus energy impossible.

The basic task of a considered heat and power plant is heat delivery, there-
fore reducing a mass flow rate through a turbine must not change medium
parameters in a heat network. This can be prevented by equipping a mi-
cro heat and power plant installation with a reduction and cooling station
[43]. The sample schematic diagram of this solution is shown in Figure 3.
When a production of electric energy exceeds a demand and a mass flow rate
through a turbine is reducing, part of a working medium is directed to heat
receivers via a pipe bypassing a microturbine, after throttling and cooling in
a reduction and cooling station, in such a way as to maintain the constant
rate of delivered heat. Vapour pressure and temperature should be reduced
to values in a condenser. A correct division of flows of a working medium
is ensured by two control valves situated in front of a turbine and in front
of a reduction and cooling station. If a heat flow rate to receivers does not
fully cover a heat demand, a missing amount of heat can be delivered by
increasing a flow through a reduction and cooling station.

As an alternative, for the above-described method of a heat and power
delivery control with the aid of a reduction and cooling station, the method
which consists in utilizing or dissipating surplus electrical energy produced
by a microturbine set is proposed. The schematic diagram explaining the
principle of this method is shown in Figure 4. In this variant, in nominal
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Figure 3: The schematic diagram of a heat and electric energy delivery control in a heat and
power plant with a vapour microturbine set: MT - microturbine set, HR - receivers, ER -
electric power receivers, RCS - reduction and cooling station, CV - control valve, controller
MT - microturbine set controller, controller RCS - reduction and cooling station controller

operating conditions an entire mass of a working medium flows to heat re-
ceivers through a microturbine. If an amount of produced electrical energy
exceeds a demand, its surplus is directed to an additional electric power re-
ceiver in which this energy is converted to heat and utilized (for example in
a boiler circuit) or dissipated in the environment. A utilization of surplus
energy can be achieved, for example, by introducing an electric heater into
a boiler supply system. The solution with a dissipation of excess energy is
disadvantageous due to an overall efficiency of a power plant, but it can be
competitive due to a simplification and thus a reduction of investment costs.
This additional receiver can have an option of power control (for instance, by
changing electrical resistance in the case of resistance type load). The above
solution, in combination with an appropriate control system, would make
surplus electrical energy consumed, at the same keeping constant assumed
operating parameters of a microturbine set. This variant can also include a
reduction and cooling station, which is switched on during the microturbine
set shutdowns (due to failure, for instance). A correct flow rate of a working
medium (with respect to heat demand) is ensured by an only one control
valve, which performs its task regardless whether a flow is directed to heat
receivers through a turbine or through a reduction and cooling station. If
a construction of a condenser allows for an introduction of a vapour of high
parameters (when a microturbine set is turned off), it would be possible to
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Figure 4: The schematic diagram of a heat and electrical energy delivery control in a heat
and power plant with a vapour microturbine set, with the variant with surplus electrical en-
ergy dissipation: MT - microturbine set, HR - heat receivers, ER - electric power receivers,
CER - controlled electric power receiver, RCS - reduction and cooling station, CV - control
valve, controller p - valve controller, controller E - electric power receiver controller

dispense with a reduction and cooling station.
It can be expected that in the case of a small power system (for example,

an individual household), an electricity demand may dynamically change.
Switching on a single device or several devices at the same time can produce
a peak demand of several kilowatts [56], which is a challenge for a micro-
turbine control system. Thermal and flow phenomenons are characterized
by relatively high inertia. It can, therefore, be concluded that the control
strategy consisting in a dividing a vapour flow between a turbine and a re-
duction and cooling station may not provide adequate control quality during
step changes in a generator load. In addition, large and rapid changes of a
turbine power can be disadvantageous due to strength reasons. Against this
background, the proposed alternative control method appears to be compet-
itive. Due to an inertia of a vapour flow and an inertia of a microturbine set
rotor, a control from an electrical side can be more effective. In this system,
a turbine operates at a constant load, which is advantageous for reasons of
a durability. Replacing a control valve and a mechanical actuator with an
electrical system can be competitive due to a reliability and investment costs.
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3. Concepts of vapour microturbine sets control systems

If an amount of produced electrical energy is greater than an individual
receiver’s demand, or this energy cannot be received by an external electric
power system, a turbine torque will become larger than that of a generator
and a rotational speed of a microturbine set can increase. In turbine sets
that directly supply an AC power system, the task of a control system is to
maintain a set rotational speed proportional to a frequency in a power net.
Microturbine sets, due to high rotational speeds, usually supply a network
through a rectifier and an inverter, which shapes an electric current with a
given frequency. Therefore, maintaining a constant rotational speed does not
have to be necessary. An increase of a rotational speed, however, increases
stress from the centrifugal forces in the rotating elements of a turbine and
a generator so the task of a microturbine set control system should be to
prevent a set against exceeding a rotational speed limit.

It should also be taken into consideration that electric power receivers
need, as a rule, electric energy with a correct voltage to work properly. This
may particularly apply to an application in which a microturbine set powers a
DC microgrid [57]. An output voltage at generator terminals can change after
changing the operating conditions (load and rotational speed). Therefore, the
other task to be performed by a microturbine set control system should be
to maintain a set output voltage.

Three basic concepts, differing by the selection of the controlled signals,
are proposed for an automatic microturbine set control system. In these
concepts:

� a rotational speed of a microturbine rotor and an output voltage are
simultaneously controlled,

� the only controlled signal is a rotational speed,

� the only controlled signal is an output voltage.

The variant in which a rotational speed and a voltage are simultaneously
controlled is profitable with respect to a strength of rotating microturbine
set elements (turbine rotor, generator rotor and bearings). Simultaneously, it
ensures an adequate voltage for a correct operation of electric power receivers.

The sole control of a rotational speed ensures meeting strength require-
ments concerning a turbine and a generator. A structure of a control system
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is simpler than that in the previous variant. A voltage is a resulting pa-
rameter, and its value will change to respond to microturbine generator load
changes, which may cause problems with a correct operation of electric power
receivers.

The concept in which a voltage is solely controlled provides correct op-
erating conditions for electric power receivers, at the same time retaining
the structural simplicity of a control system. In this variant the rotational
speed, being an uncontrolled parameter, will change after each change of a
microturbine generator load. This may lead to a stress increases in the rotat-
ing turbine and generator elements. However, we should keep in mind that,
unlike high power turbines, most variants of microturbines are not heavily
strained structures in terms of strength parameters. For instance, the calcu-
lated tensile stress generated by centrifugal forces in the hub section of the
microturbine rotor blade (described in [44, 58, 59]) at the rotational speed
of 8000 rpm (the nominal rotational speed at which the turbine reaches the
maximum efficiency) was equal to 1 MPa. When the rotational speed in-
creases, this stress increases parabolically. It means, that after increasing
the rotational speed to 16000 rpm, (the theoretical maximal rotational speed
of this turbine) the stress would increase to 4 MPa. This is a very small
value, compared to the yield point of the material used for manufacturing
the microturbine blades (aluminium alloy PA6) which is equal to 240 MPa.
Therefore, we can expect that each time the microturbine set structure is
selected in such a way that the strength requirements concerning rotating el-
ements of the turbine will be met within the entire range of its real rotational
speed.

4. Automatic control systems for a vapour microturbine set with
a generator with permanent magnets

The object of the analysis is a control system for a microturbine set
the schematic diagram of which is shown in Figure 5. A microturbine set
consists of a microturbine (1) and an electric current generator (2), connected
with each other. A three-phase generator with permanent magnets is used.
A generator is connected via phase conductors with a rectifying system (a
diode rectifier), which converts an alternating current from three generator
phases to a direct current. A microturbine generator load is represented by a
resistor with resistance R (or a set of resistors with a resultant resistance R).

9

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Figure 5: The simplified scheme of a microturbine set: 1 - microturbine, 2 - generator,
3 - rectifying system, R - load resistance, p - working medium pressure at a turbine inlet,
n - rotational speed, U - voltage, I - electric current

Five possible variants of an automatic microturbine set control system,
differing by a selection of controlled signals and a way of execution a for-
mulated task, were analysed. In some variants, a control system performed
its tasks by throttling a working medium in a control valve situated at a
microturbine inlet. This is a method indicated in the literature dealing with
an automatic control of vapour microturbines [43, 60, 61]. The alternative
control method is also proposed for microturbine sets, which consists in con-
suming surplus electrical energy in a resistor with controlled resistance. In
this solution an entire rate of working medium flows through a turbine, and
a reduction and cooling station is not used. Since a generator type most
commonly found in microturbines is a permanent magnet generator, no reg-
ulation was considered by changing the excitation current.

Static characteristics of the microturbine set are included to present the
areas of a control system operation. The mentioned characteristics were
obtained as a result of the five-stage microturbine set experimental tests. A
detailed documentation of the microturbine set and the laboratory test rig
can be found in: [44], [46].

4.1. A microturbine rotor speed control by changing pressure at a turbine
inlet

The exemplary area of operation of the microturbine set working at the
constant rotational speed is shown on the experimentally determined static
characteristic in Figure 6. When the resistance of electric power receivers
increased, the rotational speed was kept constant by decreasing the working
medium pressure at the turbine inlet. An increase of the load resistance
was accompanied by a simultaneous increase of the microturbine generator
output voltage.

Accordingly, a speed of a microturbine set rotor can be kept constant and
equal to a set value by controlling a working medium pressure at a turbine
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Figure 6: Pressure p at the turbine inlet and voltage U as functions of resistance R of
electric power receivers, for rotational speed n = 9000 rpm

inlet. The schematic diagram of this type of automatic control is shown in
Figure 7. A microturbine set consists of a microturbine (1) which drives a
generator (2), which, in turn, delivers electric power, via a rectifying sys-
tem (3), to an electric power receiver with resistance R. This resistance can
change during a microturbine set operation, for instance after connecting or
disconnecting electrical devices by an energy receiver. A control valve (5)
is installed on a turbine supply pipeline. Turbine inlet pressure can be con-
trolled by changing a valve setting. Based on a instantaneous rotational
speed value, a controller (4) controls a valve (5) in such a way as to maintain
a set rotational speed value.

The simplified schematic diagram of an automatic microturbine speed
control system is shown in Figure 8. A controlled signal is a rotational speed,
while an electric current and a voltage are resulting signals. A resistance of
electric power receivers is a disturbing parameter. An instantaneous value
of a rotor speed is compared with a set value at a summing node. Based
on a control error, a rotational speed controller forms a steering signal for a
control valve.

4.2. A microturbine rotor speed control using an additional resistor with con-
trolled resistance

The exemplary operation area of the microturbine set working at the
constant rotational speed is shown in Figure 9, which presents static charac-
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Figure 7: The schematic diagram of an automatic rotational speed control system for a
microturbine set; 1 - turbine, 2 - generator, 3 - rectifying system, 4 - microturbine set con-
troller, 5 - control valve, p - pressure at a turbine inlet, n - rotational speed, U - voltage,
I - electric current, R - resistance of an electric power receiver

Figure 8: The simplified block diagram of a microturbine set speed control system; MT -
microturbine set, CV - turbine control valve, p - pressure at a turbine inlet, R - resistance
of an electric power receiver, U - voltage, I - electric current, n - rotational speed, nS - set
speed value
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Figure 9: Resultant resistance R of the generator load and voltage U as functions of
pressure p at the turbine inlet, for rotational speed n = 9000 rpm

teristics experimentally determined for the microturbine set working in that
regime. When the pressure at the turbine inlet increased, the rotational
speed was kept constant by decreasing the generator load resistance and,
consequently, the microturbine generator output voltage.

Accordingly, a microturbine set rotational speed can be kept constant and
equal to a set value by forming a resultant generator load. Figure 10 shows
the schematic diagram of this type of automatic control for an analysed mi-
croturbine set. A microturbine set produces electric energy for a receiver (4)
with resistance RR. This resistance can change during operation, for instance
after connecting or disconnecting electrical devices. A resistor (5) with a con-
trolled resistance RC is installed in parallel with an electric power receiver.
A structure of a controlled resistor makes it possible to change its resistance
during a microturbine set operation. The task of a controlled resistor is to
consume surplus energy produced by a microturbine set. The resultant re-
sistance of a microturbine generator load is R, and its value is a combination
of resistances of electric power receivers and a controlled resistor. An inverse
of a resistance R is a sum of inverses of resistances RR and RC. A signal
controlling a resistance RC is formed by a controller (6), based on an in-
stantaneous rotational speed value, in such a way as to maintain a set speed
value regardless of pressure at a turbine inlet and a resistance of electric
power receivers.

The simplified block diagram of an automatic microturbine set control
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Figure 10: The schematic diagram of a speed control system for a microturbine set: 1 -
turbine, 2 - generator, 3 - rectifying unit, 4 - electric power receiver with resistance RR, 5 -
resistor with controlled resistance RC, 6 - rotational speed controller, n - rotational speed,
p - pressure at a turbine inlet, I - electric current, U - voltage, R - resultant resistance of a
load

Figure 11: The simplified block diagram of a microturbine set speed control system: MT -
microturbine set, n - rotational speed (nS - set speed value), I - electric current, U - voltage,
p - pressure at a turbine inlet, RR - resistance of an electric power receiver, RC - controlled
resistance

system is shown in Figure 11. A controlled signal is a rotational speed, while
a voltage and an current are resulting signals. A control system includes a
summing node which compares a current speed signal with a set value. Based
on a control error, a controller forms an input signal a controlled resistance.
A working medium pressure at a turbine inlet and a resistance of electric
power receivers are treated as a disturbances.

4.3. A microturbine set voltage control by changing a pressure at a turbine
inlet

Figure 12 shows the experimentally determined static characteristics of
the microturbine set working at the constant voltage. When the load resis-
tance increases, the voltage value is kept constant by decreasing the working
medium pressure at the turbine inlet and, consequently, the rotational speed
of the microturbine rotor.
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Figure 12: Pressure p at the turbine inlet and rotational speed n as functions of resultant
load resistance R, for voltage U = 230 V

Accordingly, a voltage of a microturbine set can be controlled by changing
the pressure at a turbine inlet. The schematic diagram of this control system
is shown in Figure 13. A microturbine set delivers electric power to electric
power receivers with resistance R. An electrical load can change during a
microturbine set operation. A control valve is installed in front of a turbine.
By throttling a flow of a working medium, a valve changes a pressure at
a turbine inlet and, consequently, the remaining operating parameters of a
microturbine set. Based on a current voltage value, a controller controls a
valve in such a way that an output voltage of a generator is kept constant
and equal to a set value.

The simplified block diagram of this type of control system is shown
in Figure 14. A controlled signal is the voltage, while the electric current
and rotational speed are the resulting parameters. An instantaneous voltage
signal is compared with a set value at a summing node. Based on a control
error, a voltage controller forms a signal for a control valve. A resistance of
electric power receivers is considered as a disturbance.

4.4. A microturbine set voltage control using an additional resistor with con-
trolled resistance

Figure 15 shows the experimentally determined static characteristic of the
microturbine set. During the experiment, the voltage was kept constant by
the proper resistance selection of the electric power receiver. After an increase
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Figure 13: The schematic diagram of a voltage control system for a microturbine set;
1 - turbine, 2 - generator, 3 - rectifying system, 4 - microturbine set controller, 5 - control
valve, p - pressure at a turbine inlet, n - rotational speed, U - voltage, I - electric current,
R - resistance of electric power receivers

Figure 14: The simplified block diagram of a microturbine set voltage control system; MT -
microturbine set, CV - turbine control valve, p - pressure at a turbine inlet, R - resistance of
electric power receivers, n - rotational speed, U - voltage, I - electric current, US - set voltage
value
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Figure 15: The resultant load resistance R and rotational speed n as functions of pressure p
at a turbine inlet, for voltage U = 230 V of microturbine set

of the working medium pressure at the turbine inlet, the above resistance had
to be decreased to maintain the constant voltage value. The pressure increase
was accompanied by the simultaneous increase of the rotational speed.

Accordingly, a voltage of a microturbine set can be controlled by forming
a resultant electrical load of a generator. The schematic diagram of this
control system variant is shown in Figure 16. A microturbine set produces
electrical energy consumed by a receiver (4) with resultant resistance RR.
A resistor (5) with controlled resistance RC is installed in parallel with an
electric power receiver. A structure of a controlled resistor makes it possible
to change its resistance during a microturbine set operation. The task of a
controlled resistor is to consume surplus energy produced by a microturbine
set. A resultant resistance of a load is R. A signal controlling a resistance
RC is formed by a controller, based on an instantaneous voltage value, in
such a way as to maintain a set output voltage of a microturbine generator
regardless of a pressure at a turbine inlet and a resistance of electric power
receivers.

The simplified block diagram of an automatic microturbine set control
system is shown in Figure 17. The controlled output signal is a voltage,
while the uncontrolled output signals are a rotational speed and an electric
current. Instantaneous voltage values are compared with a set value at a
summing node. When a control error occurs, a controller changes a signal
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Figure 16: The schematic diagram of a voltage control system for a microturbine set:
1 - turbine, 2 - generator, 3 - rectifying unit, 4 - electric power receiver with resistance RR,
5 - resistor with controlled resistance RC, n - rotational speed, p - pressure at a turbine inlet,
I - electric current, U - voltage, R - resultant resistance of a generator load

Figure 17: The simplified block diagram of a microturbine set control system: MT -
microturbine set, n - rotational speed, I - electric current, U - voltage (US - set voltage
value), p - pressure at a turbine inlet, RR - resistance of power receiver, RC - controlled
resistance

for a controlled resistor in such a way as to maintain a set voltage value. Dis-
turbances are a working medium pressure at a turbine inlet and a resistance
of electric power receivers.

4.5. A microturbine set voltage and rotational speed control by changing a
pressure at a turbine inlet and using an additional resistor with con-
trolled resistance

Figure 18 shows the experimentally determined static characteristics of
the microturbine set. The characteristics show the voltage as a function of
rotational speed for different pressures at the turbine inlet. It also shows
the marked resistance values of the generator load. It results from the pre-
sented characteristic that a given pair of rotational speed and voltage values
corresponds to a pair of pressure and resistance values. Hence, we can state
that maintaining the set values of a voltage and a rotational speed of a mi-
croturbine set is possible by keeping the constant relevant thermodynamic
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Figure 18: Voltage U as a function of rotational speed n for the microturbine set for
the constant working medium pressure p at the turbine inlet, in relation to the load
resistance R

parameters of a working medium at a turbine inlet and the relevant electric
generator load. This can be done using a control valve at a turbine inlet and
an additional resistor with the controlled resistance on a generator load side.
The schematic diagram of this solution is shown in Figure 19. Electric power
receivers are represented on the diagram by a resistor with resistance RR (4),
and an additional resistor with controlled resistance RR (5), both connected
in parallel. A resultant resistance of a microturbine set load is R. The struc-
ture of a controlled resistor makes it possible to change its resistance during
operation. This way a required resistance value can be maintained regard-
less of a number of currently connected electric power receivers. Moreover, a
control valve (7) is installed on a turbine supply pipeline. Based on instan-
taneous values of a rotational speed of a microturbine rotor and a voltage, a
controller (6) forms input signals for a control valve and a controlled resistor
in such a way as to maintain the set values of the controlled parameters.

The simplified block diagram of an automatic control system for a micro-
turbine set is shown in Figure 20. The controlled parameters are a voltage
and a rotational speed, while an uncontrolled output signal is an electric cur-
rent. Instantaneous voltage and rotational speed values are compared with
set values at the summing nodes. When a control error occurs, a controller
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Figure 19: The schematic diagram of an automatic voltage and a rotational speed con-
trol system for a microturbine set; 1 - turbine, 2 - generator, 3 - rectifying system, 4 -
electric power receiver with resistance RR, 5 - resistor with controlled resistance RC, 6 -
microturbine set controller, 7 - control valve, p - pressure at a turbine inlet, n - rotational
speed, U - voltage, I - electric current, R - resultant resistance of a generator load

Figure 20: The simplified block diagram of an automatic microturbine set voltage and rota-
tional speed control system; MT - microturbine set, CV - turbine control valve, p - pressure
at a turbine inlet, RR - resistance of electric power receivers, RC - resistance of controlled
resistor, n - rotational speed, U - voltage, I - electric current, US - set voltage value, nS - set
speed value

changes input signals for a turbine control valve and a controlled resistor in
such a way as to maintain a set rotational speed and voltage values. A con-
trolled resistor is shown on the diagram as a nonlinear object of a constraint
type. A disturbing parameter is a resistance of electric power receivers.

5. Simulation tests of the automatic control system for the micro-
turbine set

Simulation tests were performed for the selected variants of the automatic
control system for the microturbine set. The purpose of the simulations was
to check whether in the transient conditions the proposed control variants
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can properly carry out their tasks.
Calculations were made for the alternative control method which con-

sists in consuming surplus electric energy in the resistor with the controlled
resistance. This type of vapour microturbine sets the regulation, for the co-
generation applications, is not found in the literature. Two variants differing
by the selection of the controlled signals were considered. The concepts were
analysed in which the controlled signal was:

� rotational speed,

� output voltage.

Simulation tests were performed for the proportional-integral (PI) con-
troller (due to its reliability, relatively simple structure and simplicity of
implementation in practice [62]). The PI controller transfer function is:

Gc(s) = K(1 +
1

TIs
) (1)

where: K is the gain coefficient and TI is the integral time.
The control systems analysis and design focuses on three primary objec-

tives: producing the desired transient response, reducing steady-state errors
and achieving stability [63]. The parameters of the controller were selected
only in such a way as to obtain the stable operation of the control system.
Stability was assessed on the basis of the phase portraits. The requirements
for steady-state error and transient response of the control system were not
specified so the controller was not tuned to obtain improvement in this re-
gard.

The control system operation was tested in various conditions expected
to occur in a real power plant operation.

In the simulation calculations, the empirical model of a vapour microtur-
bine set was used. This model was developed and verified in [46].

5.1. The microturbine set rotor speed control using the additional resistor
with controlled resistance

The block diagram of the control system of the microturbine set for which
the simulation tests were performed is shown in Figure 21. The controlled
signal is the rotational speed, while the voltage and the electric current are
the resulting signals. The control system comprises the summing node which
compares the speed signal with the set value. Based on the control error, the
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Figure 21: The block diagram of the model of the microturbine set control sys-
tem: n - rotational speed (nS - set value), I - electric current, U - voltage, p - turbine inlet
pressure, RR - resistance of power receiver, RC - controlled resistance, Gnp(s), GnR(s) -
transmittances, An - constant, E - equivalent electromotive force, RW - equivalent internal
resistance

controller forms the signal adjusting the controlled resistance. The element
representing the resistor with the controlled resistance is taken into account
as the object of the saturation type.

An exemplary phase portrait of the considered control system is shown
in Figure 22.

Selected results of the performed simulations are shown in the diagrams.
Figure 23 presents the changes of the basic operating parameters of the mi-
croturbine set cooperating with the rotational speed control system, after the
step reduction of the electric power receiver resistance from 150 Ω to 35 Ω,
at the turbine inlet pressure equal to 6 bar. The diagrams show the time-
histories of such parameters as: the resistance of the electric power receiver,
the controlled resistance, the rotational speed, the voltage, and the electric
current. The set rotational speed value was 10000 rpm. Simulation calcula-
tions were performed for the controller gain coefficient K = 0,2 [-] and integral
time TI = 1,5 s. Before the change of the electric power receiver resistance,
the microturbine set worked at the rotational speed equal to 10000 rpm, while
the resistance of the controlled resistor was 39 Ω, the voltage was 286 V, and
the electric current was 9,3 A. After the step change of the load, the rotational
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Figure 22: The phase portrait of the microturbine set control system, ω - angular speed,
t - time

speed began to decrease gradually. In response to the appearance of the dif-
ference between the instantaneous rotational speed value and its set value,
the control system began to change the resistance of the controlled resistor.
After 9 seconds, the rotational speed returned to the set value. In the tran-
sient time interval, the largest difference between the instantaneous and set
rotational speed values was equal to 188 rpm. When the microturbine set re-
turned to the steady state, the resistance of the controlled resistor was equal
to 249 Ω, while in the transient time interval it instantaneously increased
to 371 Ω. At the time of the step change of the electric power receiver resis-
tance, the electrical parameters of the microturbine set also changed rapidly:
the voltage decreased to 238 V, while the electric current increased to 13 A.
When the microturbine set reached the steady state again, the electrical pa-
rameters also returned to the values from before the step change of the load.
The responses of the microturbine set and the control system to the step in-
crease of the load resistance back to 150 Ω are shown in Figure 24. After the
load change, the rotational speed gradually increased to 10564 rpm, and then
decreased to 10000 rpm. The resistance of the controlled resistor decreased
initially to 4 Ω and then increased to the steady level of 39 Ω. Directly after
the step change of the load, the voltage increased rapidly to 358 V, and then
decreased gradually to 88 V, to increase again to 286 V. The electric current
decreased rapidly to 3,8 A, then increased to 24,6 A, and decreased again
to 9,3 A. In this case, the adjustment time was equal to 1,4 sec.

It was observed that in the transient time interval following the change
of the electric power receiver resistance, the electric current value can tem-
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porarily increase. This phenomenon is especially noticeable after decreasing
the load, with the resultant instantaneous rotational speed increase and the
decrease of the controller resistor resistance. In the simulation shown in Fig-
ure 24, the instantaneous electric current value after the load decrease was
approximately equal to 25 A. This value of electric current can be dangerous
for generator winding durability; therefore a proposal has been made to equip
such a control system with a special unit protecting the system against the
electric current increase above the set value.

The schematic diagram presenting the microturbine set control system
with the overcurrent protection unit is shown in Figure 25. This control
system comprises an additional positive electric current feedback path, in
which the nonlinear element with insensitivity zone is installed. This el-
ement activates the protection unit when the set electric current value is
exceeded. A block diagram of the proposed control system variant for which
the simulation tests were performed is shown in Figure 26. The selected re-
sults of the performed simulations are shown in diagrams which present the
time-histories of such parameters as: resistance of electric power receiver,
controlled resistance, rotational speed, voltage, electric current, and working
medium pressure at the turbine inlet. The tests were performed for the set ro-
tational speed of 10000 rpm and controller settings: K=0,2 [ - ] and TI=1,25 s.
The overcurrent protection unit was activated after exceeding 10 A. For com-
parison purpose, the diagrams present the results for the control system with
and without overcurrent protection.

Figure 27 shows the responses of the microturbine set and the control sys-
tem after the step decrease of the electric power receiver resistance from 150 Ω
to 35 Ω, at the working medium pressure at the turbine inlet equal to 6 bar.
Before the load change, the microturbine set worked at the rotational speed
equal to 10000 rpm, while the output voltage was 286 V, the electric current
was 9,3 A, and the resistance of the controlled resistor was 39 Ω. Changing the
control system variant did not affect significantly the course of the rotational
speed signal. Before the set current value was exceeded, the rotational speed
instantaneously decreased to 9893 rpm in the variant without the overcurrent
protection, and to 9890 rpm with the protection. In both cases the transient
time interval between the load change and reaching the steady state of the
microturbine set operation was equal to 4 sec. Substantial differences were
observed in the time-histories of the electrical parameters. At the time of
the step load change, the voltage in the variant without protection decreased
to 239 V and the electric current increased to 13 A, while in the variant with
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protection the voltage decreased to 266 V and the electric current increased
to 10,9 A. Differences in control system responses can also be observed in
the time-histories of the controlled resistor resistance signal. After the step
reduction of the electric power receiver resistance, in the variant without pro-
tection the resistance of the controlled resistor gradually increased to 270 Ω
and then decreased to 252 Ω, while in the system with overcurrent protection
this resistance increased rapidly to 82 Ω and then changed in a similar way
as in the variant without protection.

Figure 28 shows the simulation results for the step increase of the electric
power receiver resistance from 35 Ω to 150 Ω, at the working medium pressure
at the turbine inlet equal to 6 bar. Before the load change, the microturbine
set worked at the rotational speed equal to 10000 rpm, while the output volt-
age was 286 V, and the electric current was 9,3 A. In both cases the time after
which the microturbine set reached the steady state after the load change was
equal to 1,3 sec. At the steady state before and after the electric power re-
ceiver resistance change, such parameters as rotational speed, voltage and
electric current took the same values. At the time of the load change, in
both control system variants the electric current rapidly decreased to 3,8 A,
and then began to increase gradually. In the system variant without protec-
tion, the electric current increased to 20,8 A, while in the other system, the
overcurrent protection unit was activated after exceeding 10 A and limited to
the instantaneous electric current increase to 13,2 A. In both cases, the volt-
age increased rapidly to 358 V, and then instantaneously decreased to 141 V
and 245 V in the variant without and with protection, respectively. Finally,
the voltage and the electric current gradually returned to their steady-state
values. In both cases, the maximal rotational speed value in the transient
time interval was equal to 10592 rpm. The minimal value of the controlled
resistor resistance in the transient time interval was equal to 7 Ω and 21 Ω
in the variant without and with protection, respectively. At the steady state
after the load change, this resistance reached the value of 39 Ω.

Figure 29 shows the simulation results for the step decrease of the work-
ing medium pressure at the turbine inlet, which rapidly decreased from 6 bar
to 5 bar, at the electric power receiver resistance equal to 60 Ω. Before the
pressure change, the microturbine set worked at the rotational speed equal
to 10000 rpm, while the voltage was 286 V, the electric current was 9,3 A,
and the resistance of the controlled resistor was 63 Ω. During the test, the
electric current did not exceed 10 A, consequently the protection unit was not
activated and the time-histories of the microturbine set and control system
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operation parameters were identical for both variants. After the pressure de-
crease, the rotational speed began to decrease, the voltage began to increase,
and the electric current began to decrease (the extreme values of these param-
eters in the transient time interval were equal to: 9815 rpm, 321 V, and 6,7 A,
respectively). In response to the rotational speed change, the control system
began to increase gradually the resistance of the controlled resistor (the maxi-
mal value in the transient time interval was equal to 235 Ω). After 6 seconds,
the microturbine set reached the steady state with the following values of
the operating parameters: rotational speed 10000 rpm, voltage 316 V, and
electric current 7 A, at the controlled resistor resistance equal to 181 Ω.

Figure 30 shows the simulation results for the step increase of the work-
ing medium pressure at the turbine inlet, which rapidly increased from 5
to 6 bar, at the electric power receiver resistance equal to 60 Ω. Before
the pressure change, the microturbine set worked at the rotational speed
equal to 10000 rpm, while the output voltage was 316 V, the electric current
was 7 A, and the resistance of the controlled resistor was 181 Ω. After the
pressure change, the rotational speed increased gradually to 10239 rpm, and
then decreased to the set value. The time-histories of the rotational speed
signal did not differ substantially after changing the control system variant.
After the pressure change, the electric current increased gradually to 11,3 A
in the control system variant without protection, and to 10,7 A in the vari-
ant with protection. Then the current decreased to 9,3 A in the steady state.
The voltage decreased to 271 V and 263 V in the variant without and with
protection, respectively, and then increased to 286 V in the steady state.
The resistance of the controlled resistor decreased in the transient time in-
terval, to 38 Ω in the variant without protection and to 44 Ω with protection.
The steady-state value of this resistance was 63 Ω. After the inlet pressure
change, the new steady state of the microturbine set operation was reached
after 2,5 sec.

The performed simulation tests have presented the performance of the
microturbine set cooperating with the rotational speed control system in
the conditions of the step change of the load or working medium pressure
at the turbine inlet. In all examined cases, based on the control error the
controller adjusted the resistance of the controlled resistor in such a way as
to maintain the set rotational speed value. If the change of load or working
medium pressure resulted in the increase of the rotational speed, then the
control system decreased the resistance of the controlled resistor, and if the
rotational speed decreased then the resistance of the controlled resistor was
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increased. After the load change, in the steady state, such parameters of
the microturbine set operation as voltage and electric current took the same
values as before the change. If the pressure was changed at the constant
load, the voltage and electric current also changed. Being the controlled
parameter, the rotational speed had always the same value in the steady
states.

The obtained results demonstrated the performance of the control sys-
tem with a special unit intended to protect the generator windings against
exceeding the permissible electric current limit. The overcurrent protection
unit activities aimed at limiting the electric current increase when the mi-
croturbine load changed or the turbine inlet pressure increased. When this
pressure decreased (at a constant resistance of the electric power receiver)
the electric current also decreased and the protection unit was not activated.
In this case, the protection unit did not affect the time-histories of the basic
parameters of the microturbine set operation. In all examined cases, the pro-
tection unit did not affect significantly the course of the controlled parameter
(rotational speed).

5.2. The microturbine set voltage control using the additional resistor with
the controlled resistance

The concept was analysed of the automatic microturbine set output volt-
age control by forming the resultant generator load.

The block diagram of the microturbine set control system for which the
simulation tests were performed is shown in Figure 31. The controlled signal
is the generator output voltage, while the rotational speed and the electric
current are the resulting signals. The control system includes the summing
node which compares the voltage signal with the set value. Based on the
control error, the controller forms the signal adjusting the controlled resis-
tance. The element representing the resistor with the controlled resistance is
taken into account as the object of the saturation type.

The voltage control system simulation calculations were performed for
the PI controller with the following parameters:

� K = 0,1 [ - ] - controller gain coefficient,

� TI = 6 [ s ] - controller integral time.

The set voltage value assumed in the simulation calculations was equal
to 220 V.
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Figure 23: The response of the control system with the PI controller to step reduction of
electric power receiver resistance: RR - resistance of electric power receiver, RC - resistance
of controlled resistor, n - rotational speed, I - electric current, U - voltage
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Figure 24: The response of the control system with the PI controller to the step increase
of the electric power receiver resistance: RR - resistance of electric power receiver, RC -
resistance of controlled resistor, n - rotational speed, I - electric current, U - voltage
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Figure 25: The simplified block diagram of the automatic microturbine set control system
with the overcurrent protection unit: MT - microturbine set, n - rotational speed (nS - set
value), I - electric current, U - voltage, p - turbine inlet pressure, RR - resistance of power
receiver, RC - resistance of controlled resistor

Figure 26: The block diagram of the automatic microturbine set control system with the
overcurrent protection unit: n - rotational speed (nS - set value), I - electric current, U -
voltage, p - turbine inlet pressure, RR - resistance of electric power receiver, RC - resistance
of controlled resistor, Gnp(s), GnR(s) - transmittances, An - constant, E - equivalent electro-
motive force, RW - equivalent internal resistance, KI - electric current feedback path gain
coefficient
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Figure 27: The response of the control system with the PI controller to step decrease of
electric power receiver resistance, with and without overcurrent protection: RR - resistance
of electric power receiver, RC - resistance of controlled resistor, n - rotational speed, I -
electric current, U - voltage, a - system without electric current limit, b - system with elec-
tric current limit
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Figure 28: The response of the control system with the PI controller to the step increase
of the electric power receiver resistance, with and without overcurrent protection: RR -
resistance of electric power receiver, RC - resistance of controlled resistor, n - rotational
speed, I - electric current, U - voltage, a - system without electric current limit, b - system
with electric current limit
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Figure 29: The response of the control system with the PI controller to the step decrease of
the turbine inlet pressure, with and without overcurrent protection: p - working medium
pressure at the turbine inlet, RC - resistance of controlled resistor, n - rotational speed,
I - electric current, U - voltage, a - system without electric current limit, b - system with
electric current limit

33

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


0 1 2 3 4 5
5

5.5

6

t [s]

p
 [
b
a
r]

0 1 2 3 4 5

50

100

150

t [s]

R
C
 [
 

]

 

 

a

b

0 1 2 3 4 5

1

1.01

1.02

x 10
4

t [s]

n
 [
rp

m
]

 

 

a

b

0 1 2 3 4 5
7
8
9

10
11

t [s]

I 
[A

]

 

 

a

b

0 1 2 3 4 5

270

290

310

t [s]

U
 [
V

]

 

 

a

b

Figure 30: The response of the control system with the PI controller to the step increase
of the turbine inlet pressure, with and without overcurrent protection: p - turbine inlet
pressure, RC - resistance of controlled resistor, n - rotational speed, I - electric current, U -
voltage, a - system without electric current limit, b - system with electric current limit
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Figure 31: The block diagram of the microturbine set control system: n - rotational
speed, I - electric current, U - voltage (US - set voltage value), p - turbine inlet pressure, RR -
resistance of electric power receiver, RC - resistance of controlled resistor, Gnp(s), GnR(s) -
transmittances, An - constant, E - equivalent electromotive force, RW - equivalent internal
resistance

As the first step, the control system operation was checked in the condi-
tions of the step change of the microturbine set load.

Figure 32 shows the calculated time-histories of the basic parameters of
the microturbine set cooperating with the voltage control system, after the
step decrease of the electric power receiver resistance from 150 Ω to 35 Ω,
at the turbine inlet pressure equal to 6 bar. Before the load change, the
microturbine set worked at the rotational speed equal to 8530 rpm, while
the voltage was 220 V, the electric current was 11,2 A, and the resistance
of the controlled resistor was 23 Ω. After the step change of the electric
power receiver resistance, the voltage dropped rapidly from the set value of
220 V down to 196 V, while the electric current increased rapidly to 13,4 A.
At the same time, the rotational speed began to decrease gradually. In
response to the voltage drop below the set value, the control system began
to increase gradually the resistance of the controlled resistor, which allowed
the voltage to return to the set value after 4 seconds. In the transient time
interval, the rotational speed reached the minimal value of 8479 rpm. At the
steady state following the step change of the load, the electric current and
the rotational speed returned to the same values as before the excitation,
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while the resistance of the controlled resistor increased to 44 Ω.
The results of the simulations performed for the step increase of the elec-

tric power receiver resistance from 35 Ω to 150 Ω, at the turbine inlet pressure
equal to 6 bar, are shown in Figure 33. This time, in response to the set ex-
citation the voltage increased rapidly from 220 V to 256 V, while the electric
current rapidly dropped down from 11,2 A to 8 A. At the same time, the rota-
tional speed increased gradually to 8609 rpm. The control system responded
by decreasing the controller resistor resistance to 23 Ω, as a result of which
the voltage and the electric current returned after 4 seconds to the values
from excitation.

The performance of the microturbine set voltage control system in the
conditions of the step increase of the turbine inlet pressure from 5 bar to
6 bar is shown in Figure 34. The simulation calculations were performed at
the electric power receiver resistance equal to 60 Ω. At the beginning of the
test, the resistance of the controlled resistor was 47 Ω, the rotational speed
was 7551 rpm, the electric current was 8,3 A, and the voltage was 220 V.
After the increase of the turbine inlet pressure, the rotational speed, the
electric current and the voltage began to increase gradually. At the transient
state, the voltage reached the maximum value of 224 V. In response to the
increasing control error, the controller began to decrease the controlled resis-
tor resistance (to 29 Ω at the steady state), which after 5,5 seconds resulted
in a voltage decrease to the set 220 V. At the steady state following the pres-
sure increase, the rotational speed and electric current values were equal to
8530 rpm and 11,2 A, respectively.

The results of the simulations performed for the step decrease of the tur-
bine inlet pressure from 6 bar to 5 bar, at the electric power receiver resistance
equal to 60 Ω, are shown in Figure 35. At the beginning of the test, the resis-
tance of the controlled resistor was 29 Ω, the rotational speed was 8530 rpm,
the electric current was 11,2 A, and the voltage was 220 V. After the pressure
decrease, the voltage initially decreased to 218 V, and then increased gradu-
ally to the set 220 V. At the steady state following the pressure decrease, the
rotational speed and the electric current were equal to 7551 rpm and 8,3 A,
respectively. The resistance of the controlled resistor increased to 47 Ω. The
time needed by the microturbine set to reach the steady state was equal to
5 sec.

The performed simulation calculations present the performance of the mi-
croturbine set cooperating with the voltage control system in the conditions
of the step change of the load or the turbine inlet pressure. In all examined
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Figure 32: The response of the microturbine set control system to the step decrease of the
electric power receiver resistance; p - turbine inlet pressure, K - controller gain coefficient,
T - controller integral time, RR - resistance of electric power receiver, RC - resistance of
controlled resistor, n - rotational speed, U - voltage, I - electric current
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Figure 33: The response of the microturbine set control system to the step increase of the
electric power receiver resistance; p - turbine inlet pressure, K - controller gain coefficient,
T - controller integral time, RR - resistance of electric power receiver, RC - resistance of
controlled resistor, n - rotational speed, U - voltage, I - electric current
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Figure 34: The response of the microturbine set control system to the step increase of the
turbine inlet pressure; RR - resistance of electric power receiver, K - controller gain coef-
ficient, T - controller integral time, p - turbine inlet pressure, RC - resistance of controlled
resistor, n - rotational speed, U - voltage, I - electric current
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Figure 35: The response of the turbine set control system to the step decrease of the turbine
inlet pressure; RR - resistance of electric power receiver, K - controller gain coefficient, T -
controller integral time, p - turbine inlet pressure, RC - resistance of controlled resistor,
n - rotational speed, U - voltage, I - electric current
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cases, based on the control error the controller adjusted the resistance of the
controlled resistor in such a way as to maintain the set voltage value. If the
change of the load or working medium pressure resulted in the increase of
voltage, then the control system decreased the resistance of the controlled
resistor, and if the voltage decreased then the resistance of the controlled
resistor was increased. At the steady state following the pressure increase,
such microturbine set operation parameters as the rotational speed and the
electric current took higher values than before the excitation. If the pressure
was decreased, the rotational speed and the electric current also decreased.

6. Conclusions

Control concepts were analysed for vapour microturbine sets with gener-
ators with permanent magnets, intended to work in small heat and power
plants. The analysed control system variants differed by the selection of
controlled signals and set parameters. In some variants, the control system
performed its tasks by throttling the working medium in the control valve
situated at the turbine inlet. This method of microturbine sets control is
similar to that used for controlling high power turbine sets. We should bear
in mind, however, that in microturbine sets, the basic task of which is heat
delivery, reducing the rate of working medium flowing through the turbine
does not have to be equivalent with fuel consumption decrease. In this case,
the flow rate of the working medium only depends on the demand for ther-
mal energy, and its missing amount is to be delivered through the reduction
and cooling station, leaving aside the turbine. That is why the alternative
control method is proposed for microturbine sets, which consists in consum-
ing the surplus electric energy in the resistor with controlled resistance. In
this solution, in nominal operating conditions, the entire rate of the working
medium flows through the turbine, and the reduction and cooling station is
not used. This type of vapour microturbine sets control is not found in the
literature. The proposed method gives the following benefits:

� eliminating the reduction and cooling station from the control system,

� reducing the number of control valves to one,

� the possibility of shortening the setting time (due to the elimination of
thermal and flow phenomena from the control process),
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Table 1: Possible ways of control of the vapour microturbine set with a generator with
permanent magnets

controlled pa-
rameters

set parameters actuators

rotational speed
and voltage

pressure at turbine in-
let and load on electric
side

turbine control valve
and resistor with con-
trolled resistance

rotational speed
pressure at turbine in-
let

turbine control valve

load on electric side resistor with con-
trolled resistance

voltage
pressure at turbine in-
let

turbine control valve

load on electric side resistor with con-
trolled resistance

� the turbine operation at a constant load is advantageous for durability
reasons.

Possible ways of control of microturbine sets with generators with per-
manent magnets are collated in Table 1.

The set rotational speed and voltage values can be maintained in the
microturbine set by setting the working medium pressure at the turbine inlet
and providing relevant microturbine generator load on the electric side. In
this case, the control system actuators can be the turbine control valve and
the resistor with the controlled resistance.

If the set value is only the working medium pressure at the turbine inlet,
then the controlled parameter can be either the rotational speed or the volt-
age. This control can be performed using the control valve situated at the
turbine inlet.

The set values of the rotational speed or the set voltage on generator
terminals can also be maintained by controlling the microturbine generator
load on the electric side. For those cases, a proposal is made to install an
additional resistor with controlled resistance in parallel with other electric
power receivers.

For two concepts of the control system, the simulation calculations were
performed to check the system operation in various expected operating con-

42

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


ditions. These concepts differed by the selection of controlled signals, which
were: the rotational speed or the output voltage. In both cases, the control
system performed its task by changing the resistance of the controlled resis-
tor connected in parallel with the electric power receiver. During the tests,
the control systems correctly performed their tasks.

Based on the results of the performed simulation tests, a conclusion can
be formulated that the consuming of surplus electrical energy in an addi-
tional energy receiver can be an effective method of vapour microturbine
sets control, especially in domestic applications.
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Appendix A.

Figure A.36: The structure of the additional energy receiver with an option of effective
resistance control, 1 - resistor, 2 - pulse generator

Figure A.36 shows the example of the system consuming surplus micro-
turbine set electric energy. An additional resistor (1) is connected in parallel
with the microturbine set load. The resultant resistance of the additional en-
ergy receiver is regulated by varying the IGBT transistor switch duty cycle.
The operation of the transistor is controlled by the device (2) that converts
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the signal from the microturbine set controller into a pulse signal with a
variable width.
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