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The idea of obtaining a quantitative estimation of the identity of the working cycle of a diesel-electric station is 
proposed on the basis of processing of the frequency-modulated signal of the speed of the crankshaft. The method of 
measuring fluctuations is developed and on the basis of it the information-measuring device is constructed. As a result 
of the analysis of the deterministic mathematical model of the kinematic scheme of a diesel-electric station in the form 
of a mechanical system with ten degrees of will, transfer functions are obtained that establish information 
communications between the torque moments of the cylinders and the signal of fluctuations. The information technology 
for assessing the identity of the diesel cycle work cycles is based on the frequency representation of the signal of 
fluctuations, transfer functions and torques of cylinders. It consists in solving a redefined system of algebraic equations 
using a non-solving minimization algorithm.  References 18, tables 2, figures 4. 
Keywords: hardware, computer system, information technology, metrological characteristics, measurement method, 
frequency-modulated signal. 
 

Introduction. Diesel power stations (DES) have been widely used in rail and sea transport as 
autonomous power sources. Their technical and economic and environmental indicators determine the 
regular configuration of the work cycles of the power unit [16]. The accuracy of setting the angles of fuel 
and air supply to the cylinders of the diesel engine with the corresponding distribution shafts creates the 
conditions for ensuring the identity of its working cycles [17, 18]. The connections of the crankshaft with 
distributive ones provide a communication drive on the basis of gear wheels, the precision of which is 
standardized in the form of tolerances on the cinematic error [13]. Errors in the production of camshafts, 
several gears of the coupling drive form an interval of uncertainty around the optimum angles of fuel and air 
supply to the cylinder, which changes the regular setting of the power unit. Using hardware that 
programmatically sets individual fuel and air supply angles for each cylinder allows you to reduce the 
adjustment error and, accordingly, improve the identity of the work cycles. The construction of these 
hardware is based on the use of a well-known method for measuring the indicative diagrams of each cylinder 
and further comparison to assess their identity. The use of manual labor, a sufficiently large number of 
cylinders and the absence of output signals in the primary pressure transducers significantly limit the 
performance of the known method of evaluation. Therefore, the authors propose the idea of obtaining a 
quantitative assessment of the identity of the working cycles of the DPS on the basis of digital processing of 
the frequency-modulated signal of the speed of the crankshaft. According to the results of the evaluation, the 
corresponding hardware of the computer system (KS) form the programmatic changes in the settings for the 
processes of fuel and air supply to the cylinders in order to ensure the identity of the operating cycles of the 
DPS. Solving this task will ensure fuel economy at 5% [4] and reduce the probability of overloading of 
individual cylinders. It will also increase the life of the unit and reduce the cost of prevention, maintenance 
and repair. Thus, the choice of the method for obtaining input information, the construction of hardware with 
corresponding metrological characteristics and performance, the development of algorithmic support is an 
actual scientific and applied problem. 

Analysis of literary data and problem statement. The issue of ensuring reliable operation of the 
DPS on the basis of measurements of the fluctuations in the speed of the crankshaft is given sufficient 
attention in the technical literature. In the papers [9–12] a mathematical model of fluctuations was developed 
in the form of a linear periodically correlated random process. It is proved that the model describes the 
dynamics of cylinder capacities and is suitable for diagnosing of the DES due to uneven rotation of the 
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crankshaft. The paper [14] presents the results of investigations of the non-normality of the crankshaft 
rotation of the DNP 6NVD48UA. The measuring fluctuation converter and the method of calculating the 
average effective pressure, engine power, excess air coefficient and exhaust gas temperature have been 
developed. In the paper [5], a method is proposed to improve the accuracy of control of the process of fuel 
supply to cylinders based on measurements of the amplitude of the oscillations of the angular velocity of 
rotation and displacement by the phase of their extremums relative to the upper dead center of the 
corresponding cylinder. In the paper [15] a mathematical model of the crankshaft rolling wheels in the form 
of a mechanical system with one degree of freedom is investigated. In order to reduce the effect of noise on 
the information signal in [2], it is proposed to use a high-pass filter with a finite impulse response. The 
technique of processing the signal of uneven rotation of the crankshaft using the possibilities of the Matlab 
software environment is developed. The disadvantage of known measuring transducers of the fluctuations in 
the speed of the crankshaft is the lack of an analysis of their metrological characteristics. 

Relevance. Unsatisfactory metrological characteristics and productivity of known hardware for 
fluctuation measurements of the frequency-modulated signal, the lack of algorithmic and application 
software for processing of incoming information. 

Objective. Improving the accuracy and productivity of the process of evaluating the identity of the 
DPS operating cycles on the basis of fluctuation measurements of the frequency-modulated signal of the 
instantaneous rotation speed of the crankshaft. 

Research objectives. 1. Development of the method for measuring the fluctuations of the frequency-
modulated signal and the construction on the basis of its hardware of the corresponding metrological 
characteristics. 

2. Analysis of the deterministic mathematical model of the kinematic scheme of a multicylinder 
diesel engine. 

3. Based on the frequency representation of the signal of fluctuations in the development of 
information technology for assessing the identity of the working cycles of the DPS. 

Solving problems. The depth of modulation of the frequency-modulated signal of the rotation speed 
of the crankshaft does not exceed 0.05 [6]. Therefore, the procedure of measurements of the fluctuation 
signal is rather complicated and requires the development of hardware having a small uncertainty interval 
around the nominal conversion characteristic. Construction of the information measuring device (IMD) 
begins with the analysis of the components of the error of the primary converter (PS): 

 the error recovery of the analog signal from discrete samples that is determined for its frequency 
representation by means of expression 
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where 0t  is the sampling interval, i  is the i-harmonic of the frequency representation of the input signal; 

 the kinematic error of PC, which is determined by the authors on the example of the study of 
tolerances for the manufacturing of gears of different accuracy class and is given in Table 1. The following 
expression is used to calculate the kinematic error 

%1002 m

m
 ,      (2) 

where m  is the tolerance for the kinematic error of the gear, m  is the module; 
 the PC dynamic error lies in time shifts of discrete samples of the temporal realization of the 

fluctuation signal, which arise as a result of the presence of the kinematic one. 
Table 1  

Data of the table 
permit to make a conclusion: 
to build the IMD with the 
corresponding metrological 

characteristics, it is necessary to develop a method that reduces the influence of the kinematic error on the 
result of measurements of the fluctuations of the frequency-modulated signal. PC certification is possible by 
solving this problem. As a result of its implementation, we obtain corrections that take into account the CS in 
determining the fluctuation signal. The IMD also includes synchronization hardware with the phase of 
rotation of the PC shaft. 

Accuracy class of gears 4 5 6 7 8 

2 , % 0.80 1.25 2.00 2.75 4.00 

Error of deviation measurements, % 16.0 25.0 40.0 55.0 80.0 
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To compensate the kinematic error, the authors propose a method of multimeasurements of time 
intervals that are formed by the selected feature of the primary converter and correspond to the full rotation 
of its shaft. Using the method of instantaneous velocity measurements, the kinematic error does not affect the 
length of the time intervals that form the IMD as information signals. However, here arises the dynamic error 
in the time shifts of discrete readings of the signals of the measurement information, which are a 
consequence of the kinematic error. It is necessary to estimate the dynamic error of the primary converter of 
the instantaneous rotation speed. Its absolute value is found as follows 

    dttt
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where 1  is the standard deviation of the time shift of discrete samples, which is established on the basis of 
tolerances for the manufacture of the PC [8]. 

For a harmonious representation of the fluctuation signal, the last expression after mathematical 
transformations takes the following form 
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The relative error of the harmonious representation of the fluctuation signal is obtained in the 

expression                                               11 sin5.0sin
2 
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The dynamic error of the PC is determined taking into account the contribution of the harmonic 
components to the fluctuation signal in the following way 
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The results of calculations of the dynamic error of the PC are given in Table 2. The efficiency of the 
method of measurements of the fluctuation signal of the rotation speed, proposed by the authors, is 
established by comparing the data of Tables 1 and 2. 
Table 2  

Using the method of 
hardware compensation of 

the kinematic error for the IMD construction, the output signal of the PC with a help of the counter and the 
decoder is converted into several impulse sequences. The position of the pulses in them corresponds to the 
moments of passage at the sensitive element of the PC chosen mark. Then the signal is fed to the input of the 
corresponding channel for measuring of time intervals. The number of these channels as a part of the IMD is 
determined by the number of the PC marks. The hardware implementation of channels for measurements 
was made on the basis of the time discretization method. The elimination of the mutual overlapping of the 

output signal channels when they 
are combined by the ABO 
scheme into the measurement 
information signal for the CS is 
performed using counters. The 
volume of the latter and the 
frequency of the reference 
generator are selected so that the 
counter overflow can be 
performed in a time slightly less 
than the average period of the 
pulse sequence. So the calibrated 
time interval is excluded from 
the measurement information of 
each channel. 

The device for measuring 
of the fluctuation signal was 
designed (Fig.1), described in the 

Accuracy class of the primary converter 4 5 6 7 8 
Error of deviation measurement, % 3.10 4.80 7.40 9.90 14.10 

 

Fig. 1 
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work [1]. The figure shows: RG is the reference generator; D is the decoder; C1,…, C4 are the pulse 
counters; ABO1, ABO2 are the logic schemes ABO; TA1,…, TA4 are the logic schemes TA; N is the 
number of channels for measurements; F is the pulse former; Nx is the output code; PSh is the pulse shaping; 
T1,…, T3 are the triggers; Dl is the delay line. The measuring device has a two-channel structure. It 
measures the duration of the pulses that form the direct and inverse outputs of the T1 blocks. The 
measurement information signal for the CS is formed by the ABO2 scheme. The counter C3 converts this 
signal into a binary code and provides data of the CS parallel interface. Block F forms the write signal of the 
binary code in the CS operative memory and by means of the Dl block switches the counter C3 to the zero 
state. 

The statistical processing of the experimental data for the purpose of establishing of the IMD 
metrological characteristics has been performed. The sample size was 151 measurements of the IMD output 
signal. The basic statistical parameters of a series of measurements with repeated observations are as follows 

4100.2 Х ;  014248.0 ;  0536.0A ;  449.0E . 
The equation of the smoothed curve of spreading of the IMD source code has such form 
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It is necessary to use the information approach to determine the error of the measurements. The 
chosen law of the error distribution is defined as follows 
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Thence it follows the entropy of the IMD error 
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The entropy interval of the uncertainty of the IMD source code is 
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Information technology of the processing of the instantaneous speed signal consists of such 

computational procedures: to calculate the average speed; to determine the array of fluctuations within the 
entire volume of the research data; to perform the averaging procedure for all processes of realizations and 
form the array of fluctuations within one revolution of the crankshaft; to supply this array in the form of a 
limited Fourier series. Further procedures of the processing of the CS input information in order to evaluate the 
identity of the operating cycles are established on the basis of an analysis of the DPS mathematical model. 

When compiling the DPS deterministic mathematical model can be used the following assumptions:  
 the twisting scheme of the DPS shafting is fed in the form of a mechanical system that has ten 

degrees of freedom (by the numbers of cylinders); 
 friction is not taken into account. 
The motion of the masses of the mechanical system that has ten degrees of freedom is described by 

the following system of differential equations [7] 
             tMttettetJ iiiiiiiiiii  
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where 10,3,2,1 i ; iJ  is the moment of inertia mass;  tM i  is the twisting moment acting in crank, 

without taking into account the mean value;  ti  is the twist angle of mass; iie ,1  is the compliance 

between masses. Gears are not part of the mathematical model, therefore the system of differential equations 
(11) is linear. 

The fluctuation signal of the rotation speed of the DPS crankshaft connects with the angle of its twist 
the following expression 

    dttdt /  .       (12) 
Taking this into account, the system of differential equations (11) acquires the following form 
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The Laplace transform with zero initial conditions provides the following form of the system of 
integro-differential equations (13) 
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After mathematical transformations, the system of equations (14) can be reduce to the following form 

   pMp i
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where  p1  is the Laplace transform of the fluctuation signal of the rotation speed of the first diesel mass. 
Expressions for determiners by the authors are set using the Mathcad software environment. An 

example of the script for setting the key determinant expression is shown in Fig. 2. Expressions of other 
determinants are similarly established and given in the work [3]. When setting determinants, the following 
expressions are used to represent the coefficients 

.)2(,)1(,)2(,)1( 12121212   JepdJepcJepepbJepepa  

Fig. 2 
Calculation of the logarithmic amplitude-frequency characteristics (LAFCH) is performed in 

MATLAB. The results of the calculations are shown in Fig. 3. The search for zeros and poles of the transfer 
functions allows them to be represented as a serial connection of the elementary circuits. With this 
representation of the transfer function, the mathematical model can be simplified by canceling the roots of 
the numerator and denominator, as well as the rejection of unstable and second-order roots. 
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The twisting moment, that forms its cylinder on the crankshaft of the diesel engine, is fed as a 
limited Fourier series. With such representation, it is possible to organize the changes in the fuel and air 
supply to the cylinder configuration in the form of an amplitude coefficient. If the value is not one, you need 
to change the fuel and air supply settings to the corresponding diesel cylinder. The phase delay of the 
processes of the fuel and air supply to the diesel cylinders in reference to the first is a multiple of 360 can be 
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calculated taking into account the following sequence of their operation: 1-6-10-2-4-9-5-3-7-8. 
Mathematically, the twisting moment is described by the following equation 

   k

n

k
kii tkADtM  


sin
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.      (16) 

Computer simulation indicates the graphs of fluctuations of the instantaneous rotation speed of the 
first mass within one turn of the DPS crankshaft with various settings of the fuel equipment of the power unit 
(Fig. 4, 1 is the standard settings, 2 is the fuel is not supplied to the first cylinder, 3 is the fuel is not supplied 
to the second cylinder). The fuel supply to the first cylinder is cut off when 01 D , to the second cylinder – 

when 02 D . 
The CS hardware evaluates the identity of the 
DPS operating cycles in the magnitude of the 
coefficients, for the determination of which, the 
system of equations of this type is solved 

1BD   ,                     (17) 

where B is the matrix, the coefficients of which 
are determined on the basis of the LAFCH 
transfer functions of the cylinder-crankshaft 
tracks, depending on the chosen calculation 
method; D is the vector-column of the amplitude 
coefficients; 1  is the vector-column of the 
time realization of the fluctuation signal of the 
first mass. In its frequency representation, the 
coefficients of the matrix are defined as follows 
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If the frequency representation of the fluctuation signal of the first mass exceeds 10 harmonic 
components, in that case the system of equations (18) is over determined. Therefore, it is possible to apply 
the algorithm of discrepancy minimization for calculating of the optimal values of the coefficients iD . The 
corresponding hardware of the CS forms the program changes in the settings of the fuel supply to the diesel 
cylinders based on the calculation results. 

Conclusions 
1. It is proposed a method of fluctuation measurements of a frequency-modulated signal, which due 

to the use of hardware compensation of the kinematic error of the manufacture of primary converters 
provides the required accuracy. It is built an information-measuring device with corresponding metrological 
characteristics and productivity. 

2. A mechanical system with ten degrees of freedom is proposed as a deterministic mathematical 
model of the diesel power stations. The mass motions of the mathematical model are described by the system 
of integro-differential equations. It is obtained a system of algebraic equations based on the use of the 
Laplace transform under zero initial conditions. 

3. Transfer functions, which establish an information link between the twisting moment of the 
power unit cylinders and the fluctuation signal of the rotation speed of the first mass, are obtained as 
determinant relations of the system of algebraic equations. It is obtained a fluctuation signal within one 
rotation of the crankshaft of the diesel power stations by the computer simulation. 

4. It is developed an information technology for estimating the identity of the operating cycles of the 
diesel power station on the basis of the frequency representation of the fluctuation signal. By solving of an 
over determined system of algebraic equations can be set the amplitude coefficients of the cylinders, using 
the size of which the computer system performs programs changes of the setting of the fuel and air supply 
processes. 
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ІНФОРМАЦІЙНА ТЕХНОЛОГІЯ ЗАБЕЗПЕЧЕННЯ НАДІЙНОЇ ЕКСПЛУАТАЦІЇ 
ДИЗЕЛЬ-ЕЛЕКТРИЧНОЇ СТАНЦІЇ 
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Запропоновано ідею отримання кількісної оцінки ідентичності робочих циклів дизель-електричної станції на 
основі оброблення частотно-модульованого сигналу швидкості обертання колінчастого валу. Розроблено ме-
тод вимірювань флуктуацій та на його основі побудовано інформаційно-вимірювальний пристрій. У результа-
ті аналізу детермінованої математичної моделі кінематичної схеми дизель-електричної станції у вигляді ме-
ханічної системи із десятьма ступенями вільності отримано передатні функції, які встановлюють інформа-
ційні зв’язки між крутними моментами циліндрів та сигналом флуктуацій. Інформаційну технологію оціню-
вання ідентичності робочих циклів дизель-електричної станції розроблено на основі частотного подання сиг-
налу флуктуацій, передатних функцій та крутних моментів циліндрів. Вона полягає у розв’язанні перевизна-
ченої системи алгебраїчних рівнянь із використанням алгоритму мінімізації нев’язки.  Бібл. 18, табл. 2, рис. 4. 
Ключові слова: апаратні засоби, комп’ютерна система, інформаційна технологія, метрологічні характеристики, 
метод вимірювань, частотно-модульований сигнал. 



92                                                                                    ISSN 1607-7970. Техн. електродинаміка. 2019. № 4 

УДК 681.335.13 
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Предложена идея получения количественной оценки идентичности рабочих циклов дизель-электрической станции на ос-
нове обработки частотно-модулированного сигнала скорости вращения коленчатого вала. Разработан метод измерений 
флуктуаций и на его основе построено информационно-измерительное устройство. В результате анализа детермини-
рованной математической модели кинематической схемы дизель-электрической станции в виде механической системы с 
десятью степенями свободы получены передаточные функции, которые устанавливают информационные связи между 
крутящими моментами цилиндров и сигналом флуктуаций. Информационная технология оценивания идентичности рабо-
чих циклов дизель-электрической станции разработана на основе частотного представления сигнала флуктуаций, переда-
точных функций и крутящих моментов цилиндров. Она состоит в решении переопределенной системы алгебраических 
уравнений с использованием алгоритма минимизации невязки.  Библ. 18, табл. 2, рис. 4. 
Ключевые слова: аппаратные средства, компьютерная система, информационная технология, метрологические характерис-
тики, метод измерений, частотно-модулированный сигнал. 
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