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Abstract – The paper considers scheme of single-phase input unit with AC circuit reactor of frequency converter, its operation, dependencies of characteristics  on parameters of the scheme and influence on supply  network.

I. INTRODUCTION
   The modern input units of the frequency converter are formed according to either „diode rectifier - capacitor” or „diode rectifier – filter reactor - capacitor” principle [1, 2]. In the first case from the AC network the short pulses of high amplitude are consumed that determines a very poor form of the supply current with high factor of harmonics distortion THD [3]. However the capacitor voltage is close to the amplitude of the sine-form supply voltage that provides the necessary value of RMS voltage at the output of inverter.   
    The second variant improves the form of current and its THD is approximately 0,3-0,4, i.e., acceptable enough. Though as the average value of the voltage across the filter reactor is zero, the voltage of the capacitor is equal to that of diode rectifier output, that in the case of single phase bridge contains only 0,9 of the supply RMS voltage U1. For example,  if U1=220V, then the capacitor voltage is 198 V that is not enough to get necessary voltage, 3x220V, at the output of inverter in the realization without transformer.  
   As an alternative variant the input unit with reactor L in AC circuit before the bridge and capacitor in its output could be considered (Fig.1). In this realization the form of network current is satisfactory as well as capacitor voltage can achieve high enough values. The goal of this paper is to investigate key parameters and features of this scheme.

II. PROCESSES IN THE SCHEME

   To simplify the description of the processes it could be accepted that capacitor C is of high enough capacity that in its turn provides an unchangeable voltage across its clamps in quasi-stationary process, i.e., uC=UC and load current then is fully smoothed (isl = Isl).
   During each half-cycle of  supply voltage a current through reactor L flows only from the moment ts when
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Fig.1. Scheme of the investigated single-phase AC input unit (a) and diagram of rectifier output current (b).
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that leads to the current initial moment 
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   The reactor current reaches its maximum value at the time moment 
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when from the following 
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   Current i11 during its increment time can be defined from the differential equation 
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where t≥ts . The solution of this equation is  
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where i11≥0. At the end of the increment time 
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   Then, as u1<UC , current i11 starts its decreasing to zero during time interval t12 . It results in intermittent mode of the current i11 , so long as UC>0,6Um .

   However it is important to define the real value of UC depending on load resistance R. The capacitor voltage increases in its value when i11>Isl and decreases when i11<Isl. As the capacitor average current in steady-state is zero the average i11 is equal to Isl. But the direct integration of expression (6) is complicated as the time interval t1 of the current flow is difficult to be defined and calculated. Thus for the approximate calculations current i11 could be accepted as of triangle form with height Imax and base t1 and then
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where amplitude Imax  can be approximately calculated from 
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    In order to apply these simplified expressions it is necessary to define the coherence of interval t1 with parameters L and R with the help of computer model. The obtained dependences of  t1=f(R) at different L (Fig.2) within the considered parameter range 1≤R≤10Ω, 1≤L≤5mH, Um=312V, f=50Hz, C=20000μF can be considered as close to linear. 

   This implies the calculation of interval t1 with a low error as 
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Fig.2. Characteristics from computer modeling of the scheme: magnitude of current  Imax=f(R) , duration of current pulse t1=f(R) and voltage of capacitor UC=f(R) at different values of rector’s inductance L within the determined parameter range
   Important is restriction that t1≤10 ms. Here the normalized parameters L* and R* are within the range from -1 (the lowest value) to +1 (the highest value) and determined as 
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    From the computer model we can also conclude that time 

demonstrates that with the decreasing of values of the load resistance and inductivity of the reactor the amplitude of the current increases, but the  average value of the capacitor voltage decreases with the decreasing of the load resistance and inductivity increasing.
   Applying the above given statistical expression the voltage of the capacitor is defined as  
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  And with the same operation,
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   The obtained equations allow calculation t1, UC and Im with a comparatively low error (Table 1).

TABLE 1

ESTIMATION OF THE  ERROR OF CALCULATIONS 
	Parameters
	L*
	R*
	Computer model
	Calculation

	t1
	-1
	-1
	8,2 ms
	8,075 ms

	
	-1
	+1
	5,12 ms
	5,23 ms

	
	+1
	+1
	7,39 ms
	7,26 ms

	
	+1
	-1
	10 ms
	10 ms

	UC
	-1
	-1
	203,7 V
	186,37 V

	
	-1
	+1
	270,5 V
	268,9 V

	
	+1
	+1
	226,8 V
	220,2 V

	
	+1
	-1
	107 V
	99 V

	Im
	-1
	-1
	426,8 A
	461,57 A

	
	-1
	+1
	95,4 A
	102,8 A

	
	+1
	+1
	55,1 A
	60,66 A

	
	+1
	-1
	173,6 A
	195,7 A


III. POWER INDICES OF THE SCHEME

   Assuming the form of the network current during the half-period as triangle pulse the RMS current is calculated as  
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and the total power consumed from the network is


[image: image19.wmf]T

t

I

U

I

U

S

m

ef

3

2

1

1

1

1

=

=


.

(15)

   The active power  is
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Calculating power factor as a ratio of these two values taking into account the obtained before expressions (8), (12), (13)
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With the help of this equation P/S ratio dependence on R and L changes can be calculated (Table 2). 
TABLE 2

ESTIMATION OF THE  POWER FACTOR INDEX

	Parameter
	L*
	R*
	Computer model
	Calculation

	 I1ef, A
	-1
	-1
	257
	239,46

	
	-1
	+1
	44,07
	42,92

	
	+1
	+1
	31,07
	29,84

	
	+1
	-1
	120,3
	113

	S, VA
	-1
	-1
	56540
	52683

	
	-1
	+1
	9695
	9443

	
	+1
	+1
	6835
	6565

	
	+1
	-1
	26466
	24857

	P/S
	-1
	-1
	0,728
	0,66

	
	-1
	+1
	0,752
	0,765

	
	+1
	+1
	0,75
	0,738

	
	+1
	-1
	0,438
	0,39


   It is obvious that computer model as well as approximate calculations provide close enough results allowing to conclude that with low load resistance power indices increase with the decreasing of input reactor inductivity. Fig.3. represents dependences of χ=f(R) at different values of  L obtained in the computer simulation and calculations as well for comparison. From the graph it is seen that the unit provides the highest power parameters within the middle of the load zone.
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Fig.3. Dependences of χ=f(R) at different L obtained in the computer simulation (uninterrupted line) and in the calculations (dashed line)

   The second power parameter is the index of total harmonic distortions of the network current. Thus for the calculations the RMS value of current I1(1) must be calculated. Assuming the form of the network current during the half-period as triangle the RMS value of the basic harmonic is approximately determined as 
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and as a result THD is
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    Depending on R* and L* values in the investigation range the following estimation expression can be obtained with the use of computer modeling
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    Figure 4 demonstrates graphs THD=f(R) obtained in the computer modeling and with the help of estimating expression at different L. The estimating expression gives the results close enough to those experimentally obtained.
IV.  SELECTION OF THE PARAMETERS
   Inductivity of reactor L can be defined according to a necessary 
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Fig.4. Characteristics THD=f(R) at different L in computer modelling (uninterrupted line) and in calculation (dashed line)

   The selection of a necessary capacitance can be realized in accordance with the approximate expression
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where ΔUC is a full increment of an instantaneous value of the capacitor C voltage during a half-period (fig.5.). The expression is approximate assuming the form of the output current of the rectifier as triangle (Fig.5) and applying the equation (8). For example, assuming 
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 with R*=-1 and L*=-1 the necessary capacity is 33700 μF.
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Fig.5. Diagram of voltage ripple of the capacitor C voltage during a half-period
V.  CONCLUSIONS
1.The considered topology of the input unit provides enough high voltage of the output capacitor of the rectifier as well as satisfactory form of the current of single-phase AC network.

       2. The precise calculations according to differential equations in this scheme are complicated therefore a simplified approach could be applied on the base of linearization of the network current form and statistical estimation of the dependences of the duration of the current impulse within half-period on the inductivity of the reactor and load resistance, that can be considered close to linear relations. 

3. To obtain a higher output voltage at lower load resistances the decreasing of the amplitude of reactor current is required, that decreases the duration of the current impulse and worsens the power factor and harmonic distortion. 
4. In the considered range of L and R parameters with the network voltage 220V, 50 Hz the mathematical expectation of the voltage is 221.75V, the duration of the impulse of network current is 7.65ms, the amplitude of current impulse is 102.8A, power parameters - P=8941W, S=11435VA, P/S=0.78 and THD of the network current  is 0.346.
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I.Raņķis, A.Žiravecka, I.Buņina. Frekvenču pārveidotāja ieejas mezgla izpēte
Darbā padziļināti pētīta vienfāzes diožu taisngrieža shēma ar kondensatoru līdzsprieguma pusē un maiņstrāvas ķēdē ieslēgtu droseli. Veikts elektromagnētiskā procesa apraksts un iegūtas tuvinātas izteiksmes šādas shēmas aprēķinam pārveidotāja darbības režīmam ar noteiktā diapazonā ierobežotu slodzes pretestību, kā ar droseles induktivitāti.Parādīts, ka procesi ir sarežģīti un, lai iegūtu nepieciešamās apraksta izteiksmes, var pielietot statistisko analīzi, kas ļauk veikt aprēķinus normalizētu parametru formā. Parādīts, ka, ieviešot induktivitāti maiņstrāvas ķēdē, var panākt pietiekami labu tīkla strāvas formu, kā arī pietiekami augstu spriegumu uz izejas kondensatora spailēm. Parādīts, ka, lai iegūtu pietiekami augstu spriegumu pie mazas slodzes pretestības, nepieciešams samazināt ieejas droseles induktivitāti, kas pasliktina strāvas THD faktoru. Darbā iegūtas nepieciešamās sakarības starp dažādiem mezgla darbību raksturojošiem parametriem, to starpā slodzes rezizstances un ieejas ķēdes induktivitātes ietekmi uz aktīvās un kopējās jaudas attiecību, kā arī THD faktoru. Iegūtās izteiksmes var pielietot mezgla aprēķinos lielas jaudas frekvenču pārveidotājiem, kas darbojas no vienfāzes tīkla, kā tas ir maiņsprieguma elektrovilcienos, kurus baro no vienfāzes kontakttīkla.
I.Rankis, A.Zhiravetska, I.Bunina. Investigation of the Input Unit of Frequency Converter 

The work deeper investigates single-phase diode rectifier scheme with capacitor in the DC circuit and reactor in that of AC. The electromagnetic process is analyzed and described mathematically with approximate expressions for the operation regime with load resistance limited in a particular range taking into account the inductivity of the reactor. The processes are complex thus for the obtaining adequate expressions the statistic analysis has been applied allowing the calculations in the normalized form. The application of the inductivity within the AC circuit of the rectifier results in the improvement of the network current form and high enough voltage across the terminals of the output capacitor. For the obtaining of enough value of the voltage with low load resistance a decreasing of input reactor inductivity is necessary that in its turn make THD factor of the current worse. The work represents the obtained relationships among different parameters characterizing the operation of the circuit as well as the influence of load resistance and input inductivity on the ratio of active and total power and THD factor. The expressions can be applied for the calculations of powerful frequency converters that are supplied from single-phase network like that is in AC voltage electric trains supplied from single-phase contact network. 
И.Ранькис,А.Жиравецкая, И.Бунина. Исследование входного узла преобразователя частоты
В работе детально исследована схема однофазного неуправляемого выпрямителя с конденсатором в звене постоянного тока и дросселем, подключенным на входе. Описаны электромагнитные процессы и получены приближенные математические выражения для расчета схемы в рабочем режиме преобразователя с ограниченным в определенном диапазоне сопротивлением нагрузки и индуктивности дросселя. Из-за сложности процессов в схеме для получения необходимых математических выражений, описывающих ее работу, можно использовать методы статистического анализа, позволяющего вести расчеты с использованием нормализованных параметров. Подключая индуктивность к цепи переменного тока, можно достичь достаточно хорошую форму потребляемого из сети тока, а также достаточно высокое напряжение на зажимах конденсатора на выходе. Чтобы получить достаточно высокое напряжение при малых сопротивлениях нагрузки, необходимо уменьшить индуктивность входного дросселя, что в свою очередь ухудшает показатель формы тока THD. В работе получены необходимые соотношения между различными параметрами, характизующими работу узла, в том числе влияние сопротивления нагрузки и входной индуктивности на отношение активной мощности к полной, а также на показатель THD. Полученные выражения можно использовать в расчетах узла для преобразователей частоты большой мощности, работающих от однофазной сети, как это проиходит в электропоездах переменного напряжения.
_1299392547.unknown

_1300106825.unknown

_1300113628.unknown

_1300113667.unknown

_1300113487.unknown

_1300113612.unknown

_1300113432.unknown

_1300113472.unknown

_1300107147.unknown

_1299396381.unknown

_1299404181.unknown

_1299404559.unknown

_1299404929.unknown

_1299404254.unknown

_1299396768.unknown

_1299394026.unknown

_1299396217.unknown

_1299393716.unknown

_1299334539.unknown

_1299334817.unknown

_1299334972.unknown

_1299334708.unknown

_1299334162.unknown

_1299334252.unknown

_1299334064.unknown

