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Abstract
This paper analyzes the principle of PWM rectifier and presents a unity power factor control method of PWM rectifier. Controller
used double closed-loop PI control, which inner uses three-phase input current control method controlled by unity power factor and
outer controls the output DC voltage of rectifier. Voltage phase detection methods which proposed could eliminate the affection of the
voltage harmonics on phase detection accuracy. The result of the simulation and experiment verify the feasibility and effectiveness of

the method.
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1. INTRODUCTION

Since the rectifier consisted of diode or thyristereasy to
control and reliable, it is widely used in industdowever, the
input current of this rectifier contains a largember of
harmonics, which has become to the main sourceridf

addition, this rectifier also has the issue abaw Ipower
factor. PWM rectifier does not produce harmonicgtmngrid,
while the input power factor can be controlled éhe output
DC voltage can be adjustable, is a high performéaicimg. In

this paper, a PWM rectifier is studied, which foamsa unity
power factor control method. The result of the datian and
experiment show the feasibility and effectiveneds tie

method [1].

2. PWM RECTIFIER AND ITS UNITY POWER
FACTOR CONTROL METHOD SELECTING A
TEMPLATE

Figure 1 shows the structure of the PWM rectifegit), e, (t),
e (t) is the three phase voltages. L is the suppoarriiilg
inductance of the AC side voltage. R is the eqeival
resistance of the system. C is the support capastaf the
DC side voltage.
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Fig.1 The structure of the PWM rectifier

When the load forcé" is zero or less than the DC voltage
across the capacitor, the DC side is a purelytresitoad and
the rectifier operates in the rectifier mode. Whée load
force

® is greater than the DC voltage across the capadhe
rectifier operates in active inverter mode.

Figure 2 shows the direct power control method lbldiagram
of the PWM rectifier. Controller used double closedp PI
control, which inner uses three-phase input curenttrol
method controlled by unity power factor and outantcols the
output DC voltage of rectifier, to control the pawef the
rectifier.
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Fig.2 The direct power control method block diagramhaf t
PWM rectifier

This control method of the control system is impbeted as
follows:

1).Detection the instantaneous fundamental compoofetie
voltage and current. Using the second-order Butigtw
digital filtering algorithm of equation 1, the antpte, phase
and frequency characteristics of this filter iswhan figure 3.
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Fig.3 The amplitude, phase and frequency characteristics
Butterworth band-pass filter

control algorithm and adjust the output DC voltageoss the
capacitor of the rectifier, thus control the outpawer. The
block diagram to achieve the outer PI control athar is

shown in Figure 5 [4].
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Fig.5 The outer loop PI controller of power
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6) Obtain the real-time phase of the grid. The dfpbase
fundamental voltage obtained in Step 1) can obtiaénreal-
time phase information of the grid by using formbjdormula
6 and formula 7.

From which we can see, amplitude of the fundamental

component part of the signal does not decay, treselioes

not shift, which on the basis of ensuring filtetse tDC
component of the input signal and high harmonics.

G _ 0001915 -0.001972 - 0.0018033948 %1 0.00185%
1= 1-3.90Z 1+5.7222-2 - 3.734z -3 + 0.01%Z -

@

The sampling frequency of the discrete formulaO6Hz, and
filter quality factor of the design is 1 [3].

2) Calculate the instantaneous active power andtivea
power. Obtain the input active power and reactioevgr via
the calculation of equation 2 and equation 3.

p=Ua*la+Ub*Ib+Uc*Ic (2)
g=((Ua-Ub) * la+(Ub-Uc)* Ib+(Uc-Ua) *
Ic)/ 3 NN )

3) Calculate the average active power, reactivegoamd DC
voltage in each cycle. Using the average formulagpfation 4
to obtain the input active power, reactive powed aic
capacitor voltage of the rectifier

100

=p,q,vdc
1

X =Y X i=1,2 ... 100X (4)

4) For reactive power ¢, the use of the inner Pt
algorithm make the input reactive power of theifiestis zero,
which achieve the unity power factor input. Thedidaiagram
to achieve the inner PI control algorithm is shawfigure 4.
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Fig.4 The inner loop PI controller of power factor
5) For the DC voltage across the capacitor, usbebuter Pl

=0 Pl

U,= Ug05%*u, - 0.5*u, (5)

ug=-0.86*u, — 0.65*u, (6)
Yo

6= arctan( ) ©)
Us

7) Obtain the three-phase output current refereadge. Use
formula 8 to obtain the three-phase output currefgrence
value.

iall M*sin(00)
ib 0 M*sin(616-120)
ic] M*sin(#J61120)

8

The output of PWM signal Switch the output curresierence
value of rectifier to the switching time of each i®
device[5].

3. THE SIMULATION AND EXPERIMENTAL

VERIFICATION OF PWM RECTIFIER SYSTEM

AND ITSRESULTSANALYSIS

Design the control system strategies of verificatand the
method to achieve unity power factor in 30KVA réeti. The
main parameter of the rectifier system is showhable 1:
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Table 1: The Parameters of the Rectifier System

System Vdltage 380V
Short-Circoit Capacity of the Power Grid JOMVA
Equivalent inductance of the Power Grid 0.023mH

Equivalent resistance of the Power Grid 0.0024 0
AC comnected inductance of the Rectifier 3mH
Equivalent AC resistance of the Rectifier 0.0942 Q

DC-side capacitance of the Rectifier 4500uf
Rectifier capacity J0KVA
Rated input current rectifier 455A
Rated output voltage rectifier 640V
Rated resistive load 120
Maximum feedback voltage 1280V

Unity power
Inner loop control
factor control

Direct power
QOuter loop control
control
Pulse trigger SPWM method
Switching frequency SKHz
Butterworth

Fundamenta current detection method
digital filter

Building a PWM rectifier simulation system in
MATLAB/SIMULINK Figure 6 shows the input voltagenput
current and output voltage waveform when the riectifvorks

in rectifying mode.

Fig.6 The input voltage, input current and output vadtag
waveform when the rectifier work in rectifying mode

In the 0.2s, rectifier load suddenly increased frob%o rated
load to 100% rated load, rectifier input currenjuated to the
steady state point after half a cycle, rectifietpoti voltage
resumed a given rated voltage after about two sydie the
process of the steady state and dynamic adjustrifeninput
voltage of PWM rectifier are kept in phase with thetput
current and the input power factor maintained to 1.

Figure 7 shows the input voltage, input current audput
voltage waveform when the rectifier works in thevdrter
energy feedback mode.
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Fig.7 The input voltage, input current and output vadtag
waveform when the rectifier work in the inverteeegy
feedback mode

In the case of the maximum feedback voltage of 2&0the
0.4s, rectifier load suddenly increased from 50%ddoad to
100% rated load, rectifier input current adjustedhe steady
state point after half a cycle, rectifier outputtage resumed a
given rated voltage after about two cycles. In pinecess of
the steady state and dynamic adjustment, the wgtdge of
PWM rectifier are kept phase contrast with the atuturrent
and the input power factor maintained to 1.

Figure 8 shows the input voltage, input current andput
voltage waveform when the rectifier switches froaatifying
mode to inverter mode.
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Fig.8 The input voltage, input current and output vadtag
waveform in the rectify switching time

In the 0.46s, rectifier switches automatically frothe
rectifying mode to inverter mode, rectifier inputirent
switches from the rectifying steady state to theeiter
feedback steady state after about two and a helé cyectifier
output voltage returns to a given rated voltagerafbout three
cycles. In the process of the steady state and ndigna
adjustment, In addition to the half-power cyclesewhectifier
switches from the rectifying mode to inverter motthes PWM
rectifier input power factor maintained to 1.

Using STM32F103C8, ARM-M3 core 32-bit MCU, as the
core control chip build the experimental systenveoify the
control strategy and unity power factor control hoet.

Figure 9 shows the instantaneous input voltage iapdt
current waveform collected by Hioki 3196 power dpyal
analyzer when the rectifier working in the rectifgimode.
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Fig.9 The instantaneous input voltage and input cummént
rectifier

Figure 10 shows the input line-voltage Uab and tnjme-
current la waveform collected by Tektronix
oscilloscope when rectifier switches from diodetifging to
PWM rectifier. There into, Uab stays ahead of lad&@ree
and input power factor is 1.

CHT 100 CH2 2.004 kA 10,0ms

Fig.10 The input voltage and input current waveform witen
rectifier works in rectifying mode

Figure 11 shows the input line-voltage Uab and tnjme-
current la waveform when the PWM rectifier works time
inverter energy feedback mode. There into, Uab kegsnd la
150 degree and input power factor is -1.
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Fig.11 The input voltage and input current waveform witen
rectifier works in the inverter mode
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Operating parameters when rectifier has differeotdl|
conditions are shown in Table 2. There into, theximam
load is 2kW.

Table 2 Rectifier Operating State

Resistance | 150 200 | 300 600 900 | 2000
Uab 309.4 | 3109 | 3125 | 311.0 | 311.0 | 3145
Ubc 309.8 | 311.8 | 314.9 | 311.3 | 3100 | 3133
Uca 309.4 | 310.4 | 313.3 | 312.0 | 3100 | 313.2

la 359 | 240 | 154 | 077 | 053 | 027
Ib 372 | 249 | 160 | 081 | 055 | 028
Ic 396 | 265 | 1.70 | 088 | 059 | 0.30
Pin 2010 | 1355 | 879 444 301 154
PF 0.998 | 0.999 | 0.998 [ 0.997 | 0.997 | 0.997
Vdc 536 515 | 511 508 506 518
Pout 1915 | 1326 | 870 430 284 134

THDIa% 146 | 1.69 | 243 | 4.01 557 | 10.06

THDIb% 141 | 160 | 223 | 372 509 | 9.27

THDIc% 1.81 196 | 247 | 398 5.27 8.56

Load % 100 | 677 | 435 | 222 15.1 7.7
Efficiency % | 9527 | 97.85 | 99.1 | 96.84 | 94.35 | 87.01

The table shows that in most of the load, the tiptesse input
current of rectifier are basically equation, lesarnmonic
distortion and the conversion efficiency of reetifiis over
90%. In the case of any load, the input power facb
rectifier are greater than 0.995, indicating thsing the unit
power factor achieve method is feasible and effecti

CONCLUSIONS

This paper analyzes the principle of PWM rectifiand
presents a input unity power factor control metioddPWM
rectifier. The result of the simulation and expegith verify
the feasibility and effectiveness of the method.
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