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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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DEVELOPMENT OF A VALVE GENERATOR  
WITH A VARIABLE FREQUENCY OF ROTATION 

 
Abstract. The article deals with the maintenance of the required value of the output voltage on an electric 

generator driven by a variable speed shaft. Schemes for creating such a synchronous generator with the possibility of 
combining the winding armature connections depending on the frequency of rotation of the rotor shaft are proposed. 
A test sample was tested without a gear generator, and experimental data were presented.  

Кey words: electric generator, rotational speed, anchor winding, valve switch, rectifier, inverter. 
 
Introduction. Interruptions in power supply of agricultural production cause significant material 

damage and disorganise the process. To prevent such consequences on the farming objects of Kazakhstan 
is quite a difficult task since they do not have network redundancy and are far from large settlements and 
each other. At the same time, a significant part of agricultural products of Kazakhstan (about 90%) is 
produced in numerous (more than 250 thousand) peasant, farmer and cooperative farms of relatively small 
and medium size [1]. At such facilities, the use of traditional (petrol and diesel) or non-traditional (solar, 
wind, etc.) sources of electricity is uneconomical. In the literary sources [2] for the backup power supply 
of low-power agricultural facilities tractor driven power generator sets (PGST) are recommended.  

It should be noted that the existing PGST is designed to operate from a power shaft (PS) with a 
specific rotational speed (mostly 1000 rpm) and have different rotational speed conversion mechanisms 
(gear reducers, massive pulleys, etc.) since they have synchronous generators with speeds of 1500 and 
3000 rpm. The used rotational speed conversion mechanisms increase the weight of the PGST, reduce the 
reliability of the design and require additional maintenance [1, 2]. 

One of the essential differences between renewable energy is the lack of predictability and lack of 
control by the consumer. Ensuring reliable power supply can be achieved using a combination of tradi-
tional hydrocarbon fuels and renewable energy sources. As a reliable source based on hydrocarbon fuels, a 
diesel generator has found the full application. Recently, gas-piston and gas-turbine installations have 
become popular. The advantage of diesel power plants (DPP) is their versatility, low cost and fast payback 
period. The versatility of internal combustion engines is the ability to use a power shaft for rotating an 
electric generator and to provide a mobile autonomous power supply system.  

The economic efficiency of diesel power plants, including gasoline, is determined by the specific 
consumption, which is equal to the ratio of energy production to fuel consumption for an hour. Particular 
use depends on the operating conditions: temperature of the environment, load, speed.  

The majority of DPP includes a frequency rotation regulator, output voltage values. This configu-
ration allows connecting a load of AC directly to the generator. As synchronous generator machines and, 
more rarely, asynchronous tools are more often used. To maintain the frequency constant of the current, 
the drive motor must rotate at a constant speed, regardless of the load. Maintaining the nominal rate at low 
pressure increases the specific fuel consumption and reduces the working life, which is reflected in the 
cost of generated electricity. Resource reduction is associated with cylinder coking. It occurs when the 
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load is reduced to less than 20% of the rated, and the rated speed is maintained. In the conditions of 
remoteness and lack of centralised power supply, the relevance of issues of reducing the cost of electricity 
and increasing equipment life is very high [3]. In the articles [4, 5], the authors present the results of an 
experimental study of the efficiency of using variable speeds of diesel generators by the load change. A 
comprehensive analysis of many operational indicators was carried out: emissions, consumption, power 
quality. From the study of the results of experiments, it follows that a change in rotational speed with a 
change in load can reduce fuel consumption by 20%. The dependence of the reduction in specific con-
sumption with decreasing pressure with a corresponding decrease in rotational speed is almost straight-
forward. When reducing the load to 40% of the nominal value, the maximum rate should be reduced to an 
amount of 50% of the nominal value. 

Further reduction of the rotational speed leads to unstable operation of the diesel engine, into the 
flesh to a complete stop. When loading below 40%, specific consumption is growing. The articles [6, 8, 9] 
provide an analysis of the effect of loading inverter diesel generators on their specific fuel consumption. 
The experiments were carried out using diesel power plants of various capacities 10 kW (KDE12 EA3) 
and 200 kW (8ЧН13 / 14 (ЯМЗ 33-238Н)). The results of the tests showed similar speed optimal modes. 
In the figure 1, the optimal speeds of diesel power plants are given in the electrical load changes. For ease 
of analysis, the characteristics are constructed in relative units.  

 

 
 

Figure 1 – The optimal speed mode with variable DPP load 
 

 
 

Figure 2 – The specific flow diagram is when the rotational speed is coordinated  
with the rotational speed and while maintaining a constant rotational speed of DPP KDE12 EA3 
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When working on a free load, the typical load change schedule is variable, and there is a probability 
of pressure occurring less than 15% [5]. 

The decrease in the specific consumption from the rotational speed matching with the KDE12 EA3 
engine load is shown in figure 2. It can be seen from the figure that for autonomous consumers, fuel sa-
vings at low pressures can bring savings of up to 30%. 

This mode of operation of the drive motor imposes its requirements on an electromechanical conver-
ter, which may consist of an electric generator or an electric generator with voltage converters (rectifiers, 
inverters). It is necessary to analyse the consistency of the characteristics of the engine with the features of 
the generator. The main requirement for coordinated operation of a generator with a drive engine is to 
maintain the voltage value and satisfactory efficiency at a variable frequency of rotation and power. 

Formulation of the problem. When used as a drive motor, the power take-off shaft of agricultural 
machinery poses the problem of matching the speed modes of the generator and the power take-off shaft: 
obtaining the required voltage from the drives at different speeds or obtaining the energy of varying mag-
nitude from one trip. At variable or different rates, the question arises of ensuring the constancy of the fre-
quency of the alternating current and ensuring the required voltage value. There are two leading solutions: 
the use of synchronised asynchronous generators and the use of valve-type asynchronous and synchronous 
generators. According to the authors, one of the promising solutions is a variant using a valve-type syn-
chronous generator and an autonomous inverter, which converts direct current from the rectifier into 
alternating current with a constant frequency. Such installations are recently called inverter diesel 
generators [6]. 

Synchronised asynchronous generators is an asynchronous machine with a phase rotor [3-5]. The 
study of operating modes of devices of this type in diesel plants with variable rotational speeds is consi-
dered in the works [10]. The stator winding is connected to the mains or the consumer directly, and the 
phase winding of the rotor is connected to the frequency converter. The frequency of the stator winding 
depends on the slip s; therefore, the condition of maintaining a constant rate f2 is made by smoothly 
adjusting the frequency of the current in the rotor f1. Therefore, when a frequency converter changes the 
rotor speed, the frequency of the current in the rotor is inversely proportional by reducing the rate of 
rotation of the frequency of the current in the rotor increases. The supply of the rotor winding with a 
voltage of increased frequency leads to an increase in losses in steel and the rotor winding. Losses will 
increase in modes other than the calculated ones, which means an increase in losses at rotational fre-
quencies lower than the calculated ones, which reduces ECE at low revs. This was reflected in the limited 
range of changes in power in the article [5, 6]. The works provide data on the shift in generator ECE with 
power changes. For a machine with a rated power of 150 kW, the deviation of the ECE value of 2-5% is 
maintained at a lower power value of 50 kW. The article [4, 5] discusses the use of machines in the range 
of variation of the rotational speed of 950-1050 rpm.  

In autonomous power plants, synchronous generators with claw-shaped poles, inductor generators 
and, less commonly, asynchronous generators, are widely used. The main criterion in favour of the listed 
generators is the mechanical reliability of the structure (the ability to operate at high speeds), low weight 
and dimensions[11], and a soft external characteristic improves the consistency of the generator charac-
teristics with batteries, by limiting the load current.  

 According to the results of the research [6], it was shown that traditional generators without addi-
tional devices could not ensure the maintenance of the voltage value. By reducing the speed below 53-
55% ensure the preservation of voltage due to saturation of the magnetic circuit of the generator. The more 
extensive the frequency change range, the lower the generator ECE. The use of inverters with maintaining 
a constant voltage value with a change in the input voltage can extend the working field. However, the 
question of maintaining the ECE of the generator does not provide such a solution.  

Thus, the development of a universal generator rotating from a power shaft with different and 
variable rotational speeds and at the same time maintaining the required voltage and satisfactory ECE 
without using specialised devices is relevant. 

A group of scientists of the Almaty University of Power Engineering and Telecommunications has 
developed an electromechanical converter with a wide range of rotational frequency and power, capable of 
maintaining a constant voltage value with a cubic dependence of energy on the rotational frequency. The 
electromechanical converter operates at a reduction of the nominal (calculated) speed of more than five 
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times, and power, respectively, more than 125 times and at the same time maintains a satisfactory value of 
ECE in the range from 0.75 to 0.94 [12]. The idea of development is to manufacture the anchor winding of 
the generator from several parallel branches connected to their rectifier and forming valve blocks. The 
valve blocks are combined into a switched rectifier with the possibility of changing in series, in parallel 
and series in parallel. In fact, in one case several generators are connected for different operating modes. 
The switched rectifier is a discrete regulator and the smooth maintenance of the voltage produced by the 
excitation current. A switched rectifier dynamically changes the stages under load. Implementing a dy-
namic switching without a switched rectifier will be difficult. Therefore, when working as part of a wind 
power plant, a large number of parallel branches with a minimum number of switching contactors is 
justified by the scheme. 

When working as part of DPP the range of rotational speed variation is 1: 2, the rotational speeds of 
the power take-off shaft may differ by three times for different agricultural equipment. Figure 3 shows a 
schematic solution for a universal generator for free use, but by switching the armature winding circuit in 
it is made without load. 

Therefore, it is proposed to adapt the idea of an electromechanical converter with a switched rectifier 
[12] to agricultural installations and technology. Universal valve generator should operate at different 
speeds of 1: 3 and power (in the range of 1: 4 or more).  

The valve generator presented on figure 3, which has an anchor winding consisting of "n" parallel 
branches (in the particular case n = 2) and "n" switching devices, and one single-phase rectifier. The 
beginning of the first parallel branch is connected and forms a star connection. The ends and the beginning 
of the other parallel branches through the switching devices are connected and with the rectifier through 
switching devices. The ends of one of the parallel branches are connected to the rectifier. 

 

 
 

Figure 3 – Valve generator 
 

A change in the connection scheme of parallel branches is made on the AC side, which imposes 
additional requirements on switching equipment. The development of semiconductor switches of 
alternating current makes it possible to abandon the switching of valve blocks with each other on direct 
current.  

At a high frequency of rotation, the switching devices connect all the parallel branches according to 
the "star" scheme and parallel to each other, each of which is connected to a rectifier. When operating at a 
lower frequency of rotation, the switching devices connect lateral branches in series with each other. The 
number of switches depends on the number of parallel branches.  

A circuit solution is proposed for a universal valve generator rotating from a power take-off shaft 
with the various and variable rotational speed with the maintenance of the required voltage value and 
satisfactory ECE. 

From the previously developed circuit solutions of an electromechanical converter with a switched 
rectifier, this circuit solution is distinguished by the possibility of using a standard rectifier and the option 
of turning on the AC side. 

Тheory. According to the theory of electric cars, the output voltage of the generator can be 
determined by the expression [13]:  
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where 1фW  – the number of effective the number of effective turns in one parallel phase branch; В  – air-

gap induction; KГ – constructive constant of generator; p - number of pole pairs; α – pole overlap coeffi-
cient; τ – pole division; l – length of the core; f - current of frequency; n – calculated frequency of rotation. 

From the phrase it is seen that reducing the rotational speed twice will require a corresponding 
increase in induction (excitation current), which in turn will lead to a rise in losses in the excitation 
winding and saturation of the magnet wire. According to the recommendation for the design of electric 
machines, the induction in the air gap is taken in the range of 0.6-0.7 T, while the selection in the prongs 
usually reaches a value of 1.3-1.6 T, and the saturation of electrical steel in the field of 1.8-1, 9 T [14]. 
Consequently, there is no possibility of increasing the induction in the air gap in proportion to the change 
in rotational speed. Designing a machine with a low induction value will lead to oversized weight and size 
indicators and an increase in the influence of the armature response on the load characteristics. This 
follows from the expression defining the Arnold coefficient [13]: 
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where CA – Arnold machine constant; P – rated power; kф – curvy field form factor; ko – winding 
coefficient; A – linear load. 

As follows from expression (1) with low induction, there is need to increase the number of turns in 
the winding, and this, in turn, will affect the magnitude of the reaction of the armature, as follows from the 
expression [13]:  
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where m – number of phases; Iф – phase current. 
For the proposed circuit design of the valve generator, the expression for determining the voltage 

varies as follows.  
The voltage of the universal generator with two parallel branches, according to its concept, allows 

two stages of switching the connection circuit of the winding branches and are determined by the 
expressions:  

- the first stage, at the highest rotation frequency, all the branches are parallel [12-14]: 

 BnWKUUU ФГГ  121
                                                 (4) 

- the second stage of the branch is connected in consistently; 

 )(2 121 BnKWUUU ГФГ   .                                              (5) 

Expression (1) can be rewritten as follows: 

 BnKWaUUU ГФГ  121
 .                                              (6) 

Switching the connection pattern of parallel branches is equivalent to changing the number of turns in 
parallel branches of the armature winding. According to expression (1), as the windings increase in the 
winding, the induction required to maintain the voltage decreases. 

Results of experiment. The efficiency of the concept was tested on an experimental setup, which is 
shown in figure 4.  

The test bench is assembled at a laboratory based at the Almaty University of Power Engineering and 
Telecommunications. As the generator was used automotive type generator G-286V (SG). The main 
technical characteristics of the generator type G-286V, rated voltage 14 V, rated current 50 A, the rota-
tional speed with voltage regulator during self-excitation and voltage 13V without load 650 rpm, with load 
current 20A at 750 rpm. 

The maximum load current is 75A and at 5000 rpm. The generator is rotated by a driving motor (M) 
of a direct current P32M, with a power of 2.2 kW, with a nominal speed of 1500 rpm. The anchor winding 
of the generator is rewound and made with two parallel branches for a voltage of 24 V. The field winding 
has not changed. 
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Figure 4 – Exterior view of the test bench 
 

A schematic diagram of the test bench is shown in figure 5. The power shaft was modelled by a DC 
motor of independent excitation P-32M (M), with a power of 2.2 kW and a rotational speed of 1500 rpm. 
Regulation of the frequency of rotation of the generator was made by regulating the voltage of the engine 
through an autotransformer. 

According to the concept, the synchronous generator SG is connected to the shaft by a drive motor M 
in which the angular velocity is measured with the TG tach generator TG. The windings of the SG are 
divided into two parallel branches A1 and A2, which are connected to the rectifier through the switching 
keys K1 and K2. 

 

 
 

Figure 5 – Schematic diagram of the test bench 
 

Voltage in parallel branches was measured on the DC side at the terminals of the rectifiers and the 
AC side at the terminals of the parallel branches.  

Based on the experimental data in figure 6 shows a unique characteristic of idling.  
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Figure 6 – The special characteristic of idling of the generator 
 

It is built at a constant voltage (line 1) and when the rotational speed changes from 1250 to 100 rpm. 
To match the scale of the voltage and excitation current of the generator, they are built in relative values. 
The voltage throughout the entire range of changes in rotational speed is equal to the nominal value, and 
in relative units, it is taken as a unit. The excitation current at a rotational speed of 100 rpm is 3 A, and this 
maximum value is considered as a unit.  

Switching parallel branches makes it possible to increase or decrease the voltage value following the 
needs. Figure 7 shows the experimental characteristics of idling.  

 

 
 

Figure 7 – Special idle characteristic 
 

Discussion of the results. The experiment used an automotive generator G286V, which was rewound 
at a design speed of 1200 rpm. The number of parallel branches taken a = 2, power 300 watts. According 
to the concept of a valve generator, with "a = 2" the number of stages is 2. In figure 6 voltage line (line 1) 
excitation current in two steps (curves 2, 3) are given. The dotted line shows the change in the excitation 
current in the absence of switching. According to the experimental results it can be seen that the generator 
voltage is kept constant throughout the entire range of rotational speed. 

Recalculation of the generator was carried out on the calculated rotational speed of 1200 rpm. and 
with a lower calculated induction in the air gap of 0.2 Tesla. The range of variation of the excitation 
current is from 0.4 to 3 A. On the graph, the maximum value of the excitation current is 3A. The curve of 
the excitation current in the first stage in the absence of switching in relative units varies in the range from 
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0.15 to 0.9. The wide range is due to the low value of the calculated induction. Turning to the next stage 
reduces, according to the concept, the amount of the excitation current by two times (dotted curve line 
connecting curve 2 and 3). Characteristic of idling VG is determined by the dependence of the excitation 
current Iв on the rotation frequency nг, with a constant output voltage UГ=const and Iн=0. It can be seen 
from the figure that when idling at lower speeds to avoid steel saturation by switching the connection 
circuit of parallel branches, the excitation current can be reduced with constant maintenance of the output 
voltage. 

In figure 7 when switching the circuit for connecting the parallel branches, it can be seen that, with 
two parallel branches, switching from a parallel connection to a serial one increases the voltage twice. At 
the same time, the rotational speed remains constant. The range of voltage variation while maintaining the 
rotational speed is directly proportional to the number of parallel branches. The generator power depends 
on the frequency of the calculated rotational speed and is determined by the expression (2).  

Findings and conclusion. The article speaks on the efficiency of the proposed concept of a valve 
generator for an autonomous power plant intended for remote agricultural consumers, designed to generate 
voltages of various sizes at constant speeds or to maintain a constant value of energy at different rates 
[15]. 
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