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Abstract: In this paper, a proposed control strategy is presented to improve the performance of the pulse width
modulation (PWM) boost rectifier when operating under different supply voltage conditions (balanced,
unbalanced, and distorted three-phase supply voltages). The proposed control strategy is divided into two parts,
the first part is voltage controller and the second part is current controller. In the voltage controller, Proportional -
Integral (P1) controller is used to regulate the output dc voltage at any desired level and Low Pass Filter (LPF) to
reduce the even order harmonics which appear in the regulated output dc voltage due to unbalanced input supply
voltages. LPF also reduces the even order harmonics which appear in the reflected dc current (Iyax), this leads to
reduce the odd order harmonics which appear in the input currents. While in the current controller, Enhanced
Phase Locked Loop (EPLL) technique is used to obtain sinusoidal and balanced three phases, to construct the
reference currents, which are in phase with the fundamental supply voltages Therefore, the supply-side power
factor is kept close to unity. A proportional controller is used to give excellent tracking between the line and the
reference currents. The complete system with the proposed control strategy is simulated using Matlab/Simulink
(Version 2012). The results for the complete system using proposed voltage controller are obtained and
compared to the results of the system with the conventional voltage controller (proportional-integral (P1) is used
without LPF). THD; for three-phase input line currents are better when using the proposed voltage controller
(less than 5%).

Keywords: Three-phase PWM boost rectifier, Low Pass Filter, Proportional-Integral controller, Enhanced
Phase Locked Loop
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1. Introduction

The boost PWM rectifier has been increasingly employed in recent years since it offers the
possibility of a low distortion line current with near unity power factor for any load condition.
Another advantage over traditional phase-controlled thyristor rectifiers is its capability for
nearly instantaneous reversal of power flow. Unfortunately, the features of the PWM boost
type rectifier are fully realized only when the supply three phase input voltages are balanced.
It has been shown that unbalanced input voltages cause an abnormal second harmonic at the
output dc voltage, which reflects back to the input causing third-order harmonic current to
flow. Next, the third order harmonic current causes a fourth-order harmonic voltage on the dc
bus, and so on. This results in the appearance of even order harmonics at the output dc and
odd order harmonics in the input currents. An attempt was made to reduce low order
harmonics at the input and the output of the PWM boost rectifier under unbalance input
voltages [1]. H.S.Song and K.Nam [2] used two synchronous reference frames: a positive-
sequence current regulated by a proportional integral (P1) controller in a positive synchronous
reference frame (SRF), and a negative sequence current regulated by a PI controller in a
negative SRF. S.C.Ahn and D.S.Hyum [3] proposed a new control scheme to minimize
harmonic distortions of the input current and dc-link voltage in the converter. X. H. Wu and J.
X. Xu [4] proposed a hybrid digital repetitive controller (RC) scheme to minimize the line-
side current harmonics and the dc link voltage harmonics under the distorted and unbalanced
operating conditions. But these strategies require a series of frame transformation and
calculation which increase the complexity of implementation. A.V.Stankovic and Ke Chen [5]
present a new control method for input-output harmonic elimination of the pulse width
modulation (PWM) boost-type rectifier under conditions of both unbalancedinput voltages
and unbalanced input impedances. But in this method, hysteresis current controllers are used
to regulate the actual three-phase currents, these controllers produce drawbacks such as a
variable switchingfrequency and an irregularity of the position of modulation pulses. These
drawbacks provide high current ripples, acoustic noise, and difficulty in designing of input
filter.

In this paper, the proposed method can be divided into two parts, the first part is voltage
controller (PI controller with LPF) to produce the magnitude of the reference currents (Iyax)
without even order harmonics. The second part is current controller (Enhanced phase locked
loops with using proportional controllers) to produce pure and balanced sine waves, these sine
waves multiplied by the output of the voltage controller (Iwax) to complete the reference
currents. Finally after completing the reference currents, proportional controllers are used to
force the line currents to follow these references.
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2. Modeling of Three-Phase PWM Boost Rectifier Under Balanced Sinusoidal Input
Voltage Condition

The main circuit of the three phases PWM ac to dc converter is shown in Fig.1. Three-
phase line voltages and the fundamental line currents are:

e1=En sin(wt) (1a)
e,=En sin(wt—120) (1b)
e3=En, sin(wt+120) (1c)
Assume unity power factor
I1=Imsin(ot) (2a)
1=l sin(owt—120) (2b)
i3=Ip, sin(ot+120) (2¢)

Where En (Im) and o are amplitude of the phase voltage (current) and angular
frequency, respectively. For phase 1: [6]

L % + RL i1 =Vap = €1- (VDN+ VNO) (3)

When switch S; is ON and switch S; is OFF, the switching function is:

d1:1 and d1':0

And

Vpn = i1 Rs +V, ‘ (4)
Where Rs is equivalent resistance of a switching device. When switch S; is ON, the

switching function is:

d=0 and d;=1 and

VDN:ile. (5)
Therefore, (3) becomes:
di . . . ,
L =2 +Ruip = es-[(i1Rs*+Vo) di+ (i1Rs) dy'+Vno] (6)
: i : B
RE  ReZ Rl I
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Figure 1: Circuit of the three-phase PWM rectifier
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Because either S; or S; is conducting and only one of them is allowed to conduct in any
moment, i.e. :

d; + dll_l SO
L— dll +R|_ 11 =e1- [IlRS d1+V0 d1+|1de1 +VNO] (7)
L— dll + R|_ l1 =e1— [|1 Rs (d1+ d1 )+Vo 1+VNQ] (8)
L— dll + R. I1+Rs |1 =e1- [Vo d1+VNo] (9)
L— dll +Rip=e- [Vo d1+VNo] (10)
Where R=R|+Rs, the total series resistance in one phase. Similarly, for phase 2 and 3: [6]
L2+ Rz = €2 [Vo o+ Vo] (11)
L— dl3 + Riz=e3- [Vo d3+VNo] (12)
For a three-phase system without neutral line,

I3 +ip+iz= 0 (13)
The sum of three-phase supply is

e;tey+es=0 (14)
The voltage Vo can be obtained by adding (10), (11), and (12)

L ‘Z; +L d‘2+|_ ‘“3 + R (ir+ip+is)= €1+ ex+ e3-Vo (d1+ds+d3)+3Vo (15)
0= Vo (d1+d2+d3)+3VNo (16)
Vio = = VoXi—y di (17)

Substitute (17) in (10), (11), and (12), the result will be

L— dll +Rip=e- Us1 (18)
L—= dlz + Riy=e- Ugp (19)
L— dls +R |3 =e3—- Us3 (20)
Where

gy = Vo (2R (21)
gy = Vo (210 (22)
Uss = Vo ( w) (23)
In the Fig. 1, another differential equation can be written as:

C 22 = iy dy+iy dptis dy— - (24)

A block diagram of the PWM rectifier with ABC model is presented in Fig. 2.
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Figure 2: Three-phase PWM rectifier in ABC-model

3. Analysis of Three-Phase PWM Boost Rectifier Operating Under Unbalanced Input
Voltage Condition

In Fig.1, it is assumed that the PWM rectifier is supplied by unbalanced input voltages but
balanced input impedances. The assumptions used in the following derivation are
1) The system losses are very small and can be neglected.
2) The switching functions used to represent switching action of the converter are unbalanced
but contain no zero sequence.
3) Only fundamental components of switching functions and input currents are taken into
account (PWM switching harmonics are not considered).
4) There is no phase difference between the fundamental components of the switching
functions and the input currents. Sothat the fundamental components of the switching
functions can be written as

dn=Assin(w t) (25)
dp= Assin(w t — 120) (26)
dis= Assin(w t + 120) (27)
Three-phase unbalanced input line currents are

i1=Imisin(et) (28)
I2=Im2sin(wt—120) (29)
I3=Imssin(wt+120) (30)
The output dc current is
idc :T. Z (31)
The converter transfer function vector T is composed of three switching functions [6]
T= [ df1 dfz df3 ] (32)
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And the current i vector is

l
izl (33)
The three-phase unbalanced input currents can be presented as a sum of two balanced sets
of positive and negative sequence component
i=i, +ip (34)
I, sin(w t)
i, =|lpsin(wt—120) (39)
I, sin(w t +120) ]
[ Isin(wt) ]
in =|Lsin(wt+ 120) (36)
I sin(w t —120) ]
Similarly the converter transfer function can be decomposed into two balanced sets of
positive and negative sequence components under unbalanced voltages that is
T=T,+T, (37)
A, sin(w t)
T, =|4psin(wt—120) (38)
Ay sin(w t + 120)]
1T

A, sin(wt)
T,=|Apsin(wt+ 120) (39)
Apsin(wt —120)
Now from (34) to (39), the resultant output dc current (31) under unbalanced input
voltages becomes [6]
igc = (Tp + Th) (ip + in) (40)
igc =Tp ip+Tp intTn ip+Th in (41)
Equation (41) represents the general expression for the converter output current ig. under
unbalanced voltages in term of positive and negative sequence components of the converter
transfer function and the input currents respectively.

Tpip= 3A§ i (42)
Toin = =3 (@3)
Tpin= _32"1" cos(2wt) (44)
Tnip= —32,11,, cos(2wt) (45)
ige = 3A;’ 4 3A; In _ 3A§I” cos(2wt) — 3ATnlpcos(Za)t) (46)

The cross product (T, i) and (T, ip) yield the abnormal second harmonics components.
Ide = ldc + Ish (47)

Where

(48)
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ish:—32p1n cos(2wt) — 3A;‘I” cos(2wt) (49)
. v,

Io = IdC_ E (50)

lo = lgc + Ish— % (51)
Vo=R, o (52)

Where V, and R, are the output dc load voltage and the resistive load

. av,
Vo =R [lgc + ish— CE (53)
av, .
Vo= [Roldc — R,C E] + Roisn (54)
constant (pure dc value Vq.) S€€Ond harmonic(Vsp)
Vo =V + Vs (55)

Due to the unbalanced input voltages, the output dc voltage will contain dc term as well as
ac term (100 Hz second frequency for 50 Hz supply).For a desired level Vger, Pl controller is
used to regulate the output dc voltage at this level (Vrer). But due to existing the second
harmonic voltage (vsp) in Vo, the output from PI1 controller (Imax) will contain dc term (1) as
well as the ac term (l.cos(2wt)) sothat

IMAX: I +|CCOS (Zwt) (56)
Imax used as magnitude for the reference currents sothat

For phasel, the reference current is

ir]_ = IMAX Sil’l((x)t)

in =1 sin(wt) + ¢ cos(2wt) sin(wt)

irn=I sin(wt) — I;C (sin( wt) — sin(3wt)) (57)

The second order harmonic in the output dc bus causes third order harmonic in the input
current (see (57)). This interaction continues and results in the appearance of even order
harmonics at the dc link voltage and odd order harmonics in the input currents.

4. Control Strategy

The proposed control strategy is divided into two parts; the first partis voltage controller
includes proportional integral (PI) Controller to regulate the output dc voltage at any desired
level and Low Pass Filter (LPF) to reduce the second order harmonic in output dc bus. The
second part is current controller which includes reference current extraction control using
PLL synchronization technique withinner current control using proportional controller only.
Fig.3 shows the control strategy with voltage and current controllers together. The next
sections will explain each part of the proposed control strategy in details.
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Figure3: Block diagram of the proposed control strategy
4.1 Voltage Controller

The dc side capacitor voltage is sensed and compared with a reference value.The Pl
controller is used to control the dc side capacitor voltage of the PWM-rectifier at the reference
voltage.With the help of low pass filter (LPF), the second harmonic (100Hz for 50Hz supply)
appeared in the output of PI controller (56) will be reduced by setting the cutoff frequency (f.)
of LPF at 50 Hz. The PI controller is a linear combination of the P, and | controllers. Its
transfer function can be represented as

Kyi

Ge(s) = Ky, + e (58)
Where G (s) is the transfer function of the PI controller, Kyp is the proportional constant
that determines the dynamic response of the dc-bus voltage control, Ky; is the integration

constant that determines it’s settling time.

4.2 Current Controller
a) Enhanced Phase Locked Loop (EPLL):

The EPLL enhances the standard PLL by removing its main drawback that is the presence
of double-frequency errors. It achieves this task by means of estimating the amplitude of the
input signal. Thus, in addition to removing the ripples, the EPLL provides an estimate of the
input signal magnitude and a filtered version of the input signal. This makes the EPLL
function as a filter and as a controller too. The block diagram of the EPLL is shown in Fig.4.
The EPLL comprises a PLL (shown in the box on the bottom of Fig.4) and also a branch that
generates a signal y that is the filtered version of the input signal u. Thus, Y estimates the
peak value of the input signal, and ¢ estimates its phase angle. The frequency is estimated at
o. The signal vy is unity sinusoidal signal in phase with the input signal, and this represents a
stable synchronizing reference. [7]
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Figure4: EPLL block diagram

Assume (u=U sin 0, where 6=wt)and (y= Ysing). Obviously, when (Y = U and ¢= 0), the
EPLL is in a steady situation, and the error signal e = (u —y) is zero. If this steady situation is
stable, then it means that the EPLL approaches the correct solution. For (u = U sin 0) and (y =
Y sing), the error signal is (e = u — y) =(Usin6 — Ysin ¢). The output of phase detector (PD)
(the multiplier in PLL) in figure4 is equal to

z =e cos¢ = (U sin 6 — Ysing) cosd
= %sin(@ —¢) + %sin(@ +¢) — %sin 2¢ (59)
high—frequency

Assuming that the steady situation (i.e., Y = U and ¢ = 0) is stable, the high-frequency
term approaches zero as the system approaches to the steady situation. This means that the
high- or double-frequency term keeps being removed from the loop and the frequency and
phase angle estimations will carry no double-frequency ripple as they approach their steady
values. The output of the top multiplier in Fig.4 is equal to

x=e sing = (U sin 6 — Y sin ¢) sin ¢

=%cos(9 —¢) —§+§cos(2¢) —%cos(0+q§) (60)

high—frequency
As the system approaches the steady condition, the high frequency term approaches zero.

Therefore, there will be no double-frequency ripple on the estimated peak value. The selection

of the parameters in Fig. 4 (1, p2, and p3) depends on the following observation:

- Increasing the value of p; will increase the speed of estimating of the magnitude.
However, it creates oscillations in the response. There is a tradeoff between speed and
accuracy (or smoothness).

- Decreasing M1, M2, and 3 yield an estimation of the peak, and phase which is
insensitive/robust to the undesirable variations and noise in the input signal.
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Finally, the output of the EPLL (y in Fig.4) will be pure unit sinusoidal and synchronized
with the voltage in each phase, therefore the reference currents are:

ir1 = Iyax sin(wt) (61)
iTZ = IMAX Sln((l)t - 120) (62)
irg = IMAX Sln((l)t + 120) (63)

b) Proportional Controller

The block diagram of the current control loop shown in Fig.5, gains and time constants
associated with various elements of the this block diagram are as follow [8]
e1 source voltage
Us1 converter input voltage
Kip gain of the P controller
Kpwm  gain of the PWM block

TrL time constant of the plant = %
KrL gain of the plant = %
1 line current
I reference current
e'1
i, ‘_"' iy
e Kip Kpwas — - :
h ' ~7 R+LS

Figure 5: Block diagram of the current control loop in ABC model.

- K;,K K
Forward transfer function = —2——""-%~
1+STRL

The closed loop transfer function is

KipKpwmKRL KipKpwmKRL
1 14STRL _ 14+STRL _ Kip KpwmKre
P KinK Krrp — 14STRL+KipK Krr —
i1 1+ ip8PWM~ARL RLTRipRPWMARL STRL+KipKPWMKRL+ 1
1+STRyL 1+STRL

KipKpwmKg, >> 1, s0 the closed loop transfer function becomes

i 14 T.S (64)
Where T, = TRL

KipKpwMmKRL
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5. Simulation Results

The operation of the three-phase PWM boost rectifier under extremely unbalanced and
distorted operating conditions has been simulated in MATLAB Simulink by using
SimPowerSystems toolbox. Eight different cases have been selected to verify feasibility and
performance of the proposed control method (PI controller with using LPF) compared to the
conventional one (without using LPF). The converter operates at near unity power factor with
a stable behavior in spite of level of imbalance and distortion of the input conditions. The
main electrical parameters of the power circuit and control data are given in Table 1.

Table. 1: Electrical parameters of power circuit
Switching 10000Hz  dc-output

Frequency(fs) voltage V, 300V

Resistor of Input 120V,
0.01 Q voltage(V)
reactor(R,) and supply 50Hz
frequency(F)

Inductance of Kvp 1,

reactors (L) 5mH Kvi 66
dc-bus 1000 uF
capacitor (C) Kip 133
Load M1, Mo, M3 18,0.1,0.1

resistance R, 100 Q

The cases are
CASE 1:

In this case, the operation of the three-phase PWM boost rectifier is simulated under
balanced input voltages condition. Fig.6 shows three-phase input voltages condition of this
case, where e;=e,=e3=120V. Fig. 7 shows the steady-state three-phase input currents and Fig.
8 shows the output dc voltage when using the proposed voltage controller (PI controller with
using LPF).

180 T ! ! ! T

100

50

e, &2, &3(V)

-50

-1a0

50 L ; ; ; ;
0.3975 0.9z 0325 . 0.339 0.9395 1 1.005
time (sec)

Figure 6: Input voltages of case 1
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. i i 1 1
0975 0.9 0.935 . 0.99 0.995 1 1.005
time (sec)

Figure 7: Input line currents when using the proposed voltage controller

315 T T T T T T T T T
310

305

Output dc voltage (V)

290

Figure 8: output dc voltage obtained when using the proposed voltage controller

CASE 2:
If the input supply voltages are e;=190V, e,=120V, and e3=70V as shown in Fig. 9, then

the input line currents obtained when using the proposed voltage controller are shown in Fig.
10.

=00 ! T T ! T
150
100

S0

e 6,6 (V)

-50

-100

150

-200

1 1 1
[NR= g =1 o.as 0.as5 0. 9395 1 1.005

- o.99
time (sec)

Figure 9: Input supply voltages of case 2
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EEE
time (sec)

1
0.995

Figure 10: Input line currents when using the proposed voltage controller

1.005

Fourier analysis of the input line current for phase 1 is shown in Fig. 11, so that the third
order harmonic currents in each phase are 0.097A, 0.1A, and 0.1A respectively. While the

THD; for three phases are 2.76%, 2.89%, and 3.07% respectively.

— Signal to analyze

@ Display selected signal Display FFT window
Selected signal: 50 cycles. FFT window (in red): 1 cycles

s

Time (s)

— Available signals

Structure :
ScopeData7s
Input

input 1
Signal number

1

Fundamental (50Hz) = 4.984 | THD= 2. 76%

5 10
Harmonic order

15

20

FFT window ——

Start time (s} |[0.88
Number of cycles: [1

Fundamental frequency (H=):

50

FFT settings

Display style

Bar (relative to specified ba...
Base walue: [1.0

Frequency axis:

Harmonic or der

Max Frequency (Hz):

1000

|t Display i | Close

Figure 11: Fourier analysis of the input current for phasel when using the proposed voltage controller in case 2

Fig. 12 shows the obtaining output dc voltage when using the proposed voltage controller.
In this Figure, the second order harmonic in this voltage is 3V (Peak to peak (P.P)).

-

m =~ @ o O

W o& M

]

Output of the voltage controller

a

=}

o4 015 0E
time (sec)

Figure 12: Output dc voltage obtained when using the proposed voltage controller
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Fig.13 shows the three-phase input line currents obtained when using the conventional
voltage controller (PI controller without using LPF).

Figure 13: Input currents obtained when usingthe conventional voltage controller

Fig.14 shows Fourier analysis of the input line current for phase 1 when using the
conventional voltage controller. From this Figure, the third order harmonic currents are
0.47A, 0.58A, and 0.54A. While the THD;s for three phases are 10.9%, 11.11%, and 11.09%
respectively.

— Signal to analyze

— Awailable signals

@ Display selected signal Display FFT window Structure :
Selected signal: 50 cycles. FFT window (in red): 1 cycles ScopeData7a -
s[ ] Input :

input 1 -

o l Signal number:
5 1 -

1 — FFT window

s} 0z 0.4 0.6 0.8 1

Time (s)

Start time (s): |0.98

Number of cycles: [1

— = o
Fundamental (50Hz) = 4 534 . THD= 10.90% Fundamental frequency (Hz):

S0

B — FFT settings———M8 — WM
Display style :

Bar (relative to specified ba...
Base value: 1.0

Freguency axis:

Harmenic order -

Max Frequency (Hz)

10 15 20 1000
Harmonic order

Gisplay | [ Close ]

Figure 14: Fourier analysis of the input line current for phase 1 when using the conventional voltage controller

Fig.15 shows the obtaining output dc voltage when using the conventional voltage
controller. In this Figure, the second order harmonic in the output dc voltage is 2.1V (P.P).

=01

W
Qo
=]

I
i
o

utde voltage (V)

Qutp

295

295

a os Dis
time (sec)

Figure 15: Output dc voltage obtained when using the conventional voltage controller
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From comparisons between the conventional and the proposed voltage controllers, it can
be seen that THD; for the input line currents are better when using the proposed method. The
reason of the improvement in THD is that Fig.16 shows the output of the voltage controller
Imax (second order harmonic is 0.6V (P.P)) when using LPF. While Fig.17 shows lvax
(second order harmonic is 2V (P.P)) without using LPF. Iyax is multiplied by the outputs of
the EPLL; to produce the reference currents (see equations 61, 62, and 63), the reference
currents have fewer harmonics when using the proposed method, and therefore THDs is
improved. Better THDs means pure and more sinusoidal input line currents. Finally for two
cases, the obtaining power factor is0.9839.

-

Woke O0@ o« 0 @ 0

Output of the voltage controller

o =

-

o

a

I

W

M
I

Output of the voltage controller

i i L L 1 i i H
o o oz oz [ 0.5 (= avcF [ =] [ =] 1
time (sec)

Figure 17: Output of the voltage controller obtained without using LPF

=}

CASE 3

In this case, a 5" order harmonic of 25% distorts unbalanced input voltages (e;=150V,
e,=120V, and e3=80V). Fig.18 shows the input voltages of this case, while the input currents
obtained when using the proposed voltage controller in this case are shown in Fig.19.
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Figure 18: Input supply voltages for case 3
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Figure 19: Input line currents obtained when using the proposed voltage controller

Fig.20 shows Fourier analysis of the input line current for phase 1. In this Figure, the third
order harmonic currents in each phase line currentwhen using the proposed method are 0.07A,
0.06A, and 0.06A respectively. While the fifth order harmonic currents are 0.03A, 0.03A, and
0.03A. The seventh order harmonic currents in these line currents are 0.01A, 0.01, and 0.01A
respectively. THD; for three phases when using the proposed method are 2.53%, 2.28%, and

2.41%.
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Figure 20: Fourier analysis of the input line current for phase 1 when using the proposed voltage controller
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Fig.21 shows the obtaining output dc voltage when using the proposed voltage controller.
In this Figure, the second order harmonic is 2V (P.P)
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Figure 21: Output dc voltage obtained when using the proposed voltage controller

Fig.22 shows the three-phase input line currents when using the conventional voltage
controller. While Fig.23 shows Fourier analysis of the input line current in the phase 1.
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Figure 22: Input line currents obtained when using the conventional voltage controller
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Figure 23: Fourier analysis of the input line current for phase 1 when using the conventional voltage controller
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The third order harmonic currents in each phase line current when using the conventional
method are 0.38A, 0.36A, and 0.31A respectively. While the fifth order harmonic currents are
0.17A, 0.14A, and 0.21A. The seventh order harmonic currents in these line currents are
0.16A, 0.17, and 0.18A respectively. THDs for three phases when using the conventional
method are 9.40%, 8.31%, and 7.98% . Finally, the obtaining power factor for this case is
0.9717.

CASE4:

In this case, a 7 order harmonic of 25% distorts unbalanced input voltages (e;=150V,
e,=120V, and e3=80V). Fig.24 shows the waveforms of the input voltages of this case.
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Figure 24: Input supply voltages for case 4

Fig.25 shows the three-phase input line currents when using the proposed voltage
controller. While Fourier analysis of the input line current for phase 1 is shown in Fig.26.
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Figure 25: Input line currents obtained when using the proposed voltage controller
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Figure 26: Fourier analysis of the input line current for phase 1 when using the proposed voltage controller

In this Figure, the third order harmonic currents in each phase line current when using the
proposed method are 0.06A, 0.06A, and 0.06A respectively. While the seventh order
harmonic currents in these line currents are 0.03A, 0.02, and 0.03A respectively. THDs for
three phases when using the proposed method are 2.30%, 2.22%, and 38%. Fig.27 shows the
output dc voltage when using the proposed method. The second order harmonic in this
voltage is 2.2V (P.P).
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Figure 27: Output dc voltage obtained when using the proposed voltage controller

Fig.28 shows the three-phase input line currents obtained by using the conventional
method.

Figure 28: Input line currents obtained when using the conventional voltage controller
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While Fig.29 shows Fourier analysis of the input current in phase 1. In this Figure, the third
order harmonic currents in each phase line current when using the conventional method are
0.34A, 0.37A, and 0.36A respectively. While The seventh order harmonic currents in these
line currents are 0.14A, 0.1, and 0.16A respectively. THD;, for three phases are 8.38%, 7.76%,
and 8.02% respectively. Finally, the obtaining power factor is 0.9717.
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Figure 29: Fourier analysis of the input line current for phase 1 when using the conventional voltage controller

6. Conclusions

This paper proposed control strategy (Pl controller with using LPF areused in the voltage
controller, and EPLL with proportional controller are used in the current controller) on a
three-phase PWM boost rectifier, to achieve input-output harmonic reduction under different
input supply voltage conditions. It is concluded from the analysis of the PWM rectifier that
when the input supply voltages are unbalanced a second order harmonic appears at the output
dc voltage and this result in a third order harmonic in the input currents. The performance of
reduction these harmonics for both the proposed method and the conventional method is
evaluated. The proposed control method (PI controller with using LPF) produces less second
order harmonic in the reflected dc current Ipyax, this reduces the third order harmonic in the
input currents and improves the THD; (less than 5%), less third order harmonic in the input
currents results in reducing the second order harmonic in the output dc voltage. While if the
conventional method is used, Iyax has higher second order harmonic and this makes the THD
higher than 5%. Simulation results in this paper are discussed in the steady state response
under different input voltage supply conditions. In the steady state response, four different
cases were performed to verify the feasibility of PWM rectifier with the proposed control
strategy.The advantages of using the proposed method are:

1- Balanced three-phase sinusoidal input currents.
2- The power factor is kept close to unity.
3- The output dc voltage can be regulated at any desired level.
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While when the conventional method (PI controller without using LPF) is used, non-

sinusoidal input line currents are obtained. The power factor obtained when using the
conventional method is also kept close to unity.
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