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Regulation of feeding part of complex of vibroacoustic
diagnostics of rotary units of rolling stock

Murodilla Shadmonxodjayev', and Damir Insapov

Tashkent State Transport University, Tashkent, Uzbekistan

Abstract. The article deals with the study of parameters of power supply
control systems for the position of non-disassembly vibroacoustic
diagnostics of rotary units of rolling stock. It is assumed that the power
sources transmit constant electricity to bring the traction motors of electric
locomotives and electric trains into rotation with the required frequency at
the position of non-disassembly diagnostics of bearings. Experiments were
performed following the MatLab/Simulink software. Analytical methods
are used to determine the parameters of traction motors of electric rolling
stock according to the program and the parameters of the controlled part as
the power factor of various power supply options. The energy indicators of
electric traction motors of electric rolling stock were determined in tabular
and analytical forms, controlled parameters with different power
coefficients of power sources. Based on the assessment of the energy
indicators of various power supply options, it is concluded that it is
advisable to use a circuit with a pulse converter in the position of
vibroacoustic diagnostics of rotary assemblies. A variant of an energy—
efficient power supply for non-disassembled vibroacoustic diagnostics is
proposed, including an uncontrolled semiconductor rectifier and a pulse
converter executed on an IGBT transistor. A radical way to increase the
power factor of the power supply is using pulse voltage regulation.

1 Introduction

The power supply is designed to rotate the wheel-motor units of electric locomotives and
electric trains at the position of non-disassembly diagnostics of bearings with the required
frequency [1, 2].

The study aims to determine the power supply's adjustment parameters for the position
of non-selective vibroacoustic diagnostics.

The power supply load is four series-connected traction motors of electric locomotives
(VL80S, 3ES5K) and electric trains (ER9).

The article discusses the parameters of the control system and two possible options for
power supplies [3, 4]:

- controlled three-phase bridge rectification circuit with step-down transformer;

- a pulse converter receiving power from the mains via an uncontrolled three-phase
bridge rectifier.
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In both cases, the power sources are assumed to receive electricity from the 380/220 V,
50 Hz network.

Determination of control angles and power coefficients for a power source operating in
the position of vibroacoustic diagnostics when using a circuit with a step-down transformer
and a controlled rectifier [5].

The parameters of traction motors are given in Table 1.

Table 1. Parameters of traction motors of electric rolling stock

Characteristics of type engines
Ne Indicators NB-

RT-51D 418K6 NB-514
1 Collector voltages Uipad, V 825 950 980
2 Rated power Piouas KW 200 790 835
3 Armature current Lioad, A 266 880 905
4 Rotation speed Nipads TPM 1140 890 905
5 Resistance of armature Rnohm | 0055 | 0.011 0.0112
windings
¢ | Resistanceofthe windingsof | p "1 0435 | 00079 | 0.0071
the main poles P
7 Resmtanciv (l)rt; ggldlglonal pole Ry, ohm 0.0252
aS— s — 0.0119 0.0132
8 ompensation w g R.,, ohm -
resistance P
9 Wheel diameter D,,, mm 1050 1250 1250
10 Gear ratio of the gearbox u 3.17 4.19 4.19

To solve this problem, the load current 7,,,, of the traction motor is initially determined for
the rotation modes of the wheel pairs 120; 150; 180; 240; 280; 300; 657 rpm. By the
method of mathematical modeling in the MatLab/Simulink environment. The pictogram of
the TED image in the MatLab environment, shown in Fig. 1., is located in the program
library database at Simulink/SimPower System/Block Library/Machines [6-8].

Constant DC 1AT003
Mkon.pea )
0.155 »TL m . <Speed wm (rad/s)>
/7 \ <Field current if (A)>
alA+—{ dc [} A-[m x
lL ./ 0.83*111.46*0.046*atan(2.6*1/345) I»b
DC
- S
—L Voltage e R, - Fen_Co Product_E Scope
Source [ﬁ
_»
Continuous
powergui

Display

Fig. 1. Model in MatLab/Simulink for determining load current and EMF at given wheelset speed

2 Objects, results, and methods of research

Model ports A+ and A are the terminals of the armature winding of the machine, and ports
F+ and F are the terminals of the excitation winding. The TL port (Fig. 1) is designed to
supply the moment of resistance to movement. Using MatLab/Simulink, we will write in
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the Constant block (Fig. 1) and connect it to the TL port.
- nominal resistance torque (for TL port, see Table 2) [9, 10]:
D, _ 1.05

=2 _ 1% _ 155 Nm (1)
2u 234

T
where M, is the torque of the driving wheel, energy losses in the gearbox on the motor shaft
can be neglected. Here D,, is the diameter of the wheel of the wheelset, p is the gear ratio of
the gearbox;

Before using the TED model in the simulated switching scheme, it is necessary to set its
parameters. The TED parameters window is shown in Fig. 2.

Using the data from Table 1, the sequential excitation TED input parameters are
calculated, which are necessary for modeling in the MatLab environment, and entered in
Table 2.

Preliminary calculations of parameters:

The necessary parameters of a DC machine with a permanent connection can be
determined based on its passport data using the following ratios:

- nominal moment of resistance:

_ Piroad _ 235 _
Migaq = 724 = 1500 = 1.796,Nm )

where Py, is the rated power of the engine; w,,qq is (27n,,q4)/ 60, (1/s) the nominal angular
velocity of the armature rotation. Here 7,4 is the nominal speed of the armature rotation

(rpm).

lﬁ] Block Parameters: DC Machine X
DC machine (mask) (link)

Implements a (wound-field or permanent magnet) DC machine.

For the wound-field DC machine, access is provided to the field connections so
that the machine can be used as a separately excited, shunt-connected or a
series-connected DC machine.

Configuration =~ Parameters  Advanced

Armature resistance and inductance [Ra (ohms) La (H) ] J[ 0.6 0.012] I :

Field resistance and inductance [Rf (ohms) Lf (H) ] ][ 240 120] I s

Field-armature mutual inductance Laf (H) : \ 1.8 ] £

Total inertia J (kg.m~2) ’1

Viscous friction coefficient Bm (N.m.s) ’0

|

|
Coulomb friction torque Tf (N.m) \0 I :

|

Initial speed (rad/s) : [1

Initial field current: ‘1 | :

oo | e | I

Fig. 2. Window for setting parameters of simulation modes of DC motors

- mutual inductance between the armature circuit and the motor excitation circuit
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_ Mipaa __ 235 _ .
Lap = =p* = 72=0.0052 Gn; ©)

where I,=1},,4, And is the rated current of the armature winding.
- inductance of the excitation winding:

0.0052-0.151

LaRy
Ly 2 (2—5) " = 252050

=0.028, Gn; 4)
U, 750
IgNnom?P =6 345-1250-2
U=Up 1s rated motor voltage; p is number of pole pairs; ¢=(1+2.5) for machines with
compensation winding (a large value refers to slow-speed motors), ¢=6 for uncompensated
machines; R, is active resistance of the armature winding; R.= R,,, + R,, =0.13+0.021=0.151 is
the active resistance of the excitation winding, R,,, and R,, are the active resistance of the
winding of the main and additional pole; for electric locomotive engines, the active
resistance of the compensation R, winding is added.

- the moment of inertia of the electric motor:

where L, = ¢ = 0.0052, Gn is the inductance of the anchor circuit.

LaPioga  _ 0.0052-2352.103 )
Jz(2-10) RZ0paltad - 0.00522-130.832.3452 0.069, kg:m ®)
- mechanical losses of the electric motor:
Poecs = (0.005 = 0.02)% - Ppgq = 1.25 - 235 = 293.75, W (6)

Table 2. The window of parameters of traction motors in the program library database at
Simulink/SimPowerSystem/Block Library/Machines

RT-51D NB-418K6 NB-514
M, 0.166 0.149 0.1492 Nm
Quom 119.32 93.153 94.723 1/s
Mipga 1.676 8.481 8.8151 Nm
Lys 0.0063 0.0096 0.0097 Gn
c 6 1.75 1.75
p 2 2 2
Ly 0.0082 0.0011 0.001 Gn
R, 0.1572 0.0198 0.0203 omh
L, 0.081 0.0048 0.0047 Gn
J 0.944 4.073 3.9594 kg-m?
Ppech 250 987.5 1043.8 W
Ty 1.048 5.3 5.5095 Nm
By, 0.0088 0.0569 0.0582 Nms
Loy 465.5 1320 1357.5 A

- reactive moment of resistance:

w Thneen _ 29375

F = Soreea 213083 = 1.123, Nm 7
- coefficient of viscous friction:
B,, = tmear — 2875 _ (0086, Nms ®)

20wfq  2130.832
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Values of the initial current field of the motor

Iy = (15..2.5)I, = 1.5-345 =517.5 A )
The load current 7, is determined using the Scope block (Fig.1.4 in):

Lnom = 34.79 A

Next, the EMF of the rotation of the armature is determined.
The rotation frequency of the motor shaft n is determined by the rotation frequency of the

driving wheels of the locomotive n,, and the gear ratio of the gearbox 1.
n = un, =3.4-150 =510 rpm (10)

According to the formula, we will find the RPM of electric motors, then using MatLab
/Simulink in the DC Voltage Source block (Fig.1), increasing the input voltage U, to 50 V,
we will stop when the RPM of the electric motor (n) reaches the desired values, note the
load current Inom, EMF (E,,,,) and write all values in tables 3; 4.

Table 3. Design characteristics of traction motors of electric rolling stock

RT-51D | NB-418K6 | NB-514
120 120 120
150 150 150
180 180 130
Ty 240 240 240 rpm
280 280 280
300 300 300
657 657 657
380.4 502.8 502.8
4755 628.5 628.5
570.6 754.2 7542
n 760.8 1005.6 1005.6 rpm
887.6 11732 11732
951 1257 1257
2082.69 2752.83 2752.83
From 0.043 0.077 0.0725 Wb
N 940 805 870
c 149.68 128.18 138.54
Crom 15.67 13417 145 1/(rpm)s

The EMF of rotation (E,,,,,) is determined as follows:

1. A vector signal consisting of four elements is formed in port m: speed, armature current,
excitation current, and electromagnetic torque of the machine. Through the Bus Selector
unit, the RPM elements and the excitation current are connected to the Scope unit (Fig. 1);
2. In MatLab/Simulink, the value of E,,, is determined using the Product block (see
Table.1.4):

Epom=CFny,,q=16.36 11

where CF is the magnetic flux of the motor:

2.6-l1pad

lioaa

CF = 0.83 - CEypp, - arctg (12)
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where F is the magnetic flux, Wb;

C;; C,, is structural constants of the engine:

C, =C,=(pN)/(2na); C, =C,= pN/(60a).
We will write down certain values in the universal computing block F,, where a calculated
expression is entered as a tuning parameter, the argument of which is the input signal
specified by its transfer function.

The load resistance R,,,, is defined as the sum of the resistances of the armature winding
Ra, the winding of the main poles of the R,,,, the winding of the additional poles R,, (for

electric locomotive engines, the resistance of the compensation winding R, is added).
The resistance of a circuit consisting of four traction motors is 4R, [4, 5, 11].
Determination of load voltage:

- per engine

- for four traction engines

Determination of the P, load power:

Uow= Lnom “Room +Enom =34.79-0.2225+16.36=24.1 V

(13)

Usom= Luom “4Rnom T4E om =(34.76-4-0.2225)+(4-16.36)=96.4 V (14)

- per engine
Prowa = Liom Unom=34.79-24.1=838.47 W (15)
- for four traction engines
4Poud = Liom * Unom =4:34.79-96.4=3353.86 W (16)

The calculation results are summarized in Table 4.

Table 4. Parameters of electrical energy losses of studied electric motors during simulation in

Simulink program

RT-51D | NB-418K6 | NB-514
Ny 120 rpm
There is one engine in the load
n 380.4 502.8 502.8 rpm
Uiy 130 360 365 Vv
Epom 19.86 12.17 12.04 \Y
Liom 49.87 74.11 74.35 A
Ruom 0.2128 0.0308 0.0777 omh
Upom 3047 14.45 17.82 Vv
Pioud 1519.66 1071.08 1324.69 W
There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Uson 121.89 57.81 71.27 \Y
Pioud 6078.62 4284.33 5298.77 W
PT-51D HB-418K6 HB-514
Ny 150 rpm
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Continuation of table Ne 4.

There is one engine in the load
475.5 628.5 628.5 rpm
180 480 480 \Y
24.83 15.21 15.05 \Y
56.15 79.15 78.33 A
Ruom 0.2128 0.0308 0.0777 omh
Uom 36.78 17.65 21.14 \Y
Plowd 2065.13 1396.83 1655.61 W
There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Uson 147.12 70.59 84.55 \Y
Plowd 8260.5 5587.2998 6622.41 W
RT-51D NB-418K6 NB-514
Ny 180 rpm
There is one engine in the load
n 570.6 754.2 754.2 rpm
Uiy 220 580 590 \Y
Eoom 29.8 18.25 18.06
Lom 57.81 79.78 80.3 A
Ruom 0.2128 0.0308 0.0777 omh
Upon 42.1 20.71 24.299 \Y
Prowi 2433.92 1652.02 1951.24 W
There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Uom 168.41 82.83 97.197 )\
Prowi 9735.66 6608.09 7804.94 W
PT-51D HB-418K6 HB-514
Ny 240 rpm
There is one engine in the load
n 760.8 1005.6 1005.6 rpm
Uinp 320 810 825 \Y
Epom 39.72 24.32 24.06 \Y
Liom 63.95 83.71 84.38 A
Ruom 0.2128 0.0308 0.0777 omh
Uom 53.33 26.90 30.62 \Y
Ploud 3410.36 2251.65 2583.41 W
There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Uson 213.31 107.59 122.47 \Y
Ploud 13641.45 9006.62 10333.62 W
PT-51D HB-418K6 HB-514
Ny 280 rpm
There is one engine in the load
887.6 1173.2 1173.2 rpm
400 950 980 \Y
46.35 28.38 28.09 Vv
68.94 84.16 85.91 A
0.2128 0.0308 0.0777 omh
61.02 30.97 34.77 \Y
4206.75 2606.61 2986.68 W
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Continuation of table Ne 4.

There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Uiom 244.082 123.89 139.06 \Y
Plowd 16826.99 10426.46 11946.72 W
PT-51D HB-418K6 HB-514
Ny 300 rpm
There is one engine in the load
n 951 1257 1257 rpm
Uinp 440 1020 1050 \Y
Eoom 49.65 3042 30.1
Liom 70.95 84.33 85.9 A
Ruom 0.2128 0.0308 0.0777 omh
Uom 64.75 33.02 36.77 \Y
Plowd 4593.88 2784.35 3158.92 W
There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Uson 258.99 132.07 147.10 \Y
Pioud 18375.53 11137.42 12635.69 W
PT-51D HB-418K6 HB-514
Ny 657 rpm
There is one engine in the load
n 2082.69 2752.83 2752.8 rpm
Uip 1150 2400 2410 \Y
Eoom 108.7 66.62 6591 \Y
Liom 86.3 90.73 90.17 A
Ruom 0.2128 0.0308 0.0777 omh
Upon 127.07 69.42 72.92 \Y
Prowi 10965.68 6297.98 6574.86 W
There are four engines in the load
4R om 0.8512 0.1232 0.3108 omh
Upon 508.26 277.66 291.67 \Y
Prowi 43862.71 25191.91 26299.42 W
RT-51D NB-418K6 NB-514

Determination of the angle of regulation o for the bridge rectification circuit
o, =arccos (U, /(Ksen' E»))= arccos(34.79/(2,34:110))=1.477 rad 17)

in degrees

o-(180/ m)=1.477-57.2956=84.67° (18)

where K, - is the coefficient of the scheme, K., =2.34;

E,- the effective value of the phase EMF of the secondary winding of the transformer
(E, = 110; 73.33; 55; 44 V). The following transformation coefficient k= 2; 3; 4; 5 is used
for calculations.

The results of the calculations are summarized in Table 5.

The analysis of the results shows:

- that in all cases, we have significant values of the control angles, and for electric
locomotive engines, these values approach the value of n/2, which means the probability of
switching the circuit to the inverter mode;

- increasing the transformation coefficient of the step-down transformer allows you to
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reduce the adjustment angle.

Table 5. Indicators of angle of regulation « for model of bridge rectification scheme

ny, 120 rpm
ransformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 83.24 86.83 86.07
" k=3 79.81 85.21 84.08
k=4 76.34 83.59 82.08
k=5 72.82 81.97 80.08
There are four engines in the load
k=2 61.767 77.060 73.964
" k=3 44.762 70.348 65.494
k=4 18.733 63.341 56.404
k=5 - 55.870 46.220
Ny, 150 rpm
transformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 81.83 86.11 85.33
" k=3 77.66 84.14 82.97
k=4 73.43 82.16 80.59
k=5 69.11 80.17 78.19
There are four engines in the load
k=2 55.17 74.12 70.86
“ k=3 30.9995 65.75 60.51
k=4 - 56.77 48.96
k=5 - 46.74 34.82
Ny 180 rpm
ransformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 80.63 85.42 84.63
" k=3 75.84 83.11 81.9
k=4 70.94 80.78 79.16
k=5 65.897 78.44 76.39
There are four engines in the load
k=2 49.16 71.27 67.85
a k= 11.07 61.17 55.53
k=4 - 49.97 40.98
k=5 - 36.46 19.27
Ny, 240 rpm
transformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 78.082 84.044 83.211
" k=3 71.931 81.023 79.763
k=4 65.554 77.976 76.277
k=5 58.835 74.894 72.738
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Continuation of table Ne 5.

There are four engines in the load
k=2 34.049 65.325 61.621
" k=3 - 51.197 44.488
k=4 - 33.297 17.916
k=5 - - -
Ny 280 rpm
ransformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 76.33 83.13 82.28
" k=3 69.21 79.64 78.35
k=4 61.73 76.11 74.37
k=5 53.68 72.53 70.3
There are four engines in the load
k=2 18.52 61.26 57.33
" k=3 - 43.81 35.89
k=4 - 15.72 -
k=5 - - -
Ny 300 rpm
transformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 75.469 82.672 81.828
u k=3 67.867 78.947 77.665
k=4 59.825 75.173 73.434
k=5 51.059 71.332 69.108
Ny 657 rpm
ransformation RT-51D NB-418K6 NB-514
coefficient
There is one engine in the load
k=2 60.45 74.39 73.58
" k=3 42.25 66.17 64.89
k=4 9.15 57.39 55.52
k=5 - 47.63 44.93

3 Results and their discussion

Separately, let's consider the case of using a three-phase bridge-controlled transformer-free

rectifier. The calculation results are summarized in Table 6.

Table 6. Power factor of bridge rectifier when adjusting switching angle v

[ RT-5ID [ NB4I8K6 | NB-514
There is one engine in the load
n,=120
o 86.65 88.44 88.06
y =0 0.057 0.027 0.033
X y=2 0.04 0.01 0.02
o y =4 0.02 -0.01 0.00
y =6 0.01 -0.02 -0.02

10
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Continuation of table Ne 6.

n,,=150
o 85.95 88.08 87.69
y =0 0.068 0.033 0.039
X y=2 0.05 0.02 0.02
4 v =4 0.03 0.00 0.01
y=6 0.02 -0.02 -0.01

n,,=180
o 85.35 87.74 87.34
y =0 0.078 0.038 0.045
X y=2 0.06 0.02 0.03
4 v =4 0.04 0.00 0.01
y =6 0.03 -0.01 -0.01

n,,=240
o 84.10 87.05 86.63
y =0 0.099 0.050 0.057
X y=2 0.08 0.03 0.04
4 y =4 0.07 0.02 0.02
y=6 0.05 0.00 0.01

n,,=280
o 83.23 86.59 86.17
y=0 0.113 0.057 0.064
X y=2 0.10 0.04 0.05
4 y =4 0.08 0.02 0.03
y=6 0.06 0.01 0.01

n,,=300
o 82.82 86.37 85.95
y =0 0.120 0.061 0.068
K y=2 0.10 0.04 0.05
M y=4 0.09 0.03 0.03
y=6 0.07 0.01 0.02

n,, =657
o 75.75 82.29 81.90
y =0 0.236 0.129 0.135
. y=2 0.22 0.11 0.12
# y =4 0.20 0.09 0.10
y =6 0.19 0.08 0.08

There are four engines in the load

n,,=120
o 76.34 83.59 82.08
y =0 0.226 0.107 0.132
X y=2 0.21 0.09 0.11
o y =4 0.19 0.07 0.10
Y =6 0.18 0.06 0.08

n,,=150
o 73.43 82.16 80.59
y =0 0.273 0.131 0.157
X y=2 0.26 0.11 0.14
4 y =4 0.24 0.10 0.12
y =6 0.22 0.08 0.11

11
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Continuation of table Ne 6.

n,,=180
o 70.94 80.78 79.16
y=0 0.312 0.154 0.180
X y=2 0.30 0.14 0.16
4 v =4 0.28 0.12 0.15
y=6 0.26 0.10 0.13
n,=240
o 65.55 77.98 76.28
y =0 0.396 0.2 0.227
X y=2 0.38 0.18 0.21
4 v =4 0.36 0.17 0.19
y =6 0.35 0.15 0.18
n,,=280
o 61.73 76.11 74.37
y=0 0.453 0.230 0.258
X y=2 0.44 0.21 0.24
4 y =4 0.42 0.20 0.23
y =6 0.41 0.18 0.21
n,=300
o 59.83 75.17 73.43
y=0 0.480 0.245 0.273
X y=2 0.47 0.23 0.26
4 y =4 0.45 0.21 0.24
y =6 0.44 0.20 0.22
n,,=657
o 39.15 57.39 55.52
y =0 0.38 0.515 0.541
X y=2 0.37 0.50 0.53
4 y =4 0.35 0.49 0.51
y =6 0.34 0.47 0.50
RT-51D NB-418K6 NB-514

The results obtained show the inexpediency of using a transformer-free three-phase bridge-
controlled rectifier.

A radical way to increase the power factor of the power supply is using pulse voltage
regulation.
The mathematical model of such a source is shown in Fig. 3.

powergul Scope_current_A
IGBT Constant DC HB418
. Mkon.pea
Continuous _L
Jorsip Coms 1o
0.155 TL m »
o7 S ,1
al A+ A-lB—
+
Current ’E\ Fem 000 —F-
| Measurement @
| 8 alB
c T T T

Three-Phase Source Universal Bridge

Fig. 3. Transformer-free three-phase rectifier with pulse converter

12
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Table 1.7 shows the results of calculations of the filling factor A of a pulse voltage
converter at different speeds of the TED and operating modes of the installation: for one
motor and four motors.

Below is an example of calculating the fill factor [4, 12, 13]:

A Uqg = Inom - Rnom + E = Unom (19)

where A is the fill factor of the power supply:

Inom Ruom*E _ Unom _ 2409 _ (040 20)

Uq Uq 514,8

A:

where Uy is the output voltage of the uncontrolled rectifier:
Uy = Kep - Upy = 2.34 - 220 = 514.8V @1

where U,y is the input voltage of the uncontrolled rectifier from the mains, it is 220V.

In addition to the values of the fill factor A , the requirements for the harmonic
composition of the current at the input of the rectifier are regulated by GOST 30804.3.12-
2013; it is also advisable to determine the distortion factor of the input current K -and the
power factor X depending on the PWM frequency, where 2400 Hz of the second stage of
the power supply at the load of the electric motor NB-418K6:

ll

Kaf = stz = 0.94 (23)

Table 7. Results of calculations of filling factor A of pulse converter

At the RT-51D | NB-418K6 [ NB-514
revolutions of There is one engine in the load
pepe Fill factor &
120 0.059 0.028 0.035
150 0.071 0.034 0.041
180 0.082 0.040 0.047
240 0.104 0.052 0.059
280 0.119 0.060 0.068
300 0.126 0.064 0.071
657 0.247 0.135 0.142
There are four engines in the load

120 0.237 0.112 0.138
150 0.286 0.137 0.164
180 0.327 0.161 0.189
240 0.414 0.209 0.238
280 0.474 0.241 0.270
300 0.503 0.257 0.286
657 0.987 0.539 0.567

X = Kqf cos ¢ = 0.905 (24)

anywhere ¢ = —15.9 —of the phase shift between the vectors of the first harmonic of the
current and the phase voltage. Then cos ¢ = 0.96
The analysis was carried out using the Powergui FFT Analysis Tool (Fig. 4).
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Samples per cycle = 548
DC component
Fundamental = 25.54 peak (20.85 ms)

THD = 131.52% T asainn

Fundamental (50Hz) = 29.54 , THD= 131.52%

Freouency (Hz)

1. At the required loads, a controlled three-phase bridge rectification circuit with a step-
down transformer has low power coefficients;

2. A pulse converter receiving power from the AC network through an uncontrolled
rectifier at the same loads has a power factor equal to 0.9. It provides the required
parameters for regulating currents and voltages.

.00 $0.0°

Fig. 4. Powergui FFT Analysis Tool Block

4 Conclusions
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