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Sliding mode approach for control and observation
of a three phase AC-DC pulse-width modulation rectifier

Introduction. For AC-DC conversion systems, the electrical systems typically use thyristor or diode bridge rectifiers, which have relatively
poor performance. Nowadays, three-phase pulse-width modulation rectifiers are widely applied in various applications for their well-known
intrinsic benefits, such as adjustable DC link voltage, unity power factor, bidirectional power flow and very low total harmonic distortion.
Purpose. The objective of this work is to achieve better stability and dynamic performance using sliding mode strategy for control and
observation. Methods. For that purpose, first a sliding mode controller is introduced on the DC-link side to ensure a fast and accurate
response of the output load voltage. Then, the sliding mode approach is employed to control the quadrature and direct components of power
to maintain the input power factor at unity. Finally, this approach is used to design two observers for grid voltage estimation and online
variation of load resistance. To overcome the problem associated with the use of the classical low-pass filter, an adaptive compensation
algorithm is used to compensate the attenuation of the amplitude and phase delay of the observed grid voltages. This algorithm is based on
the use of the two low-pass filters in cascade and ensures the minimization of chattering. Results. Comparative studies have been carried out
between sliding mode control method for controlling the three-phase AC-DC pulse-width modulation rectifier and other conventional
techniques. The validation by simulation and the tests carried out gave very satisfactory results and proved the effectiveness and feasibility of
the sliding mode for both control and observation of three phase pulse-width modulation rectifier. References 25, table 2, figures 19.

Key words: direct power control, three phase pulse-width modulation rectifier, sliding mode control, double-low pass filter,
unity power factor.

Bemyn. J[nn AC-DC cucmem nepemsopenHsi eneKmpudHi cucmemu 3a36utail 6UKOPUCIOBYIONb MUpucmophi abo O0iooui Mocmosi
GUNPAMIIAYL, SIKI MAIOMb GIOHOCHO NO2AHI Xapakmepucmuku. B danuii wac mpupasni eunpsamisui 3 wupomHo-IMIYIbCHOIO MOOYISYIEIO
WUPOKO 3ACMOCOBYIOMbCS 3 PIHUMU YINAMU 3A805KU iX 00Ope GI00MUM GHYMPILUHIM Nepeazam, MaKuM sK pe2ylib08ana Hanpyea y NaHyi
NOCMIIHO20 CIMPYMY, OOUHUYHUL KOeDiyicHm NONYyJHCHOCI, OBOHANPABIEHULL ROMIK NOMYICHOCTE MA OYHce HUZbKI 302aNIbHI 2APMOHIUHI
cnomeopenns. Memoro 0anoi pobomu € 00CAcHeHHs, Kpawjoi cmabiibHOCmi ma OUHAMIYHUX XAPAKMEPUCIUK 3 6UKOPUCIAHHIM CIpamezii
KOB3HO20 pedicumy 0Nl KOHMponio ma chnocmepedicenns. Memoou. 3 yicio memoio cnouamxy Ha CMOPOHI JAHKU NOCMIHO20 CIMpYMY
6600UMBCSL PEYIAMOP PEeACUMY KOB3AHHA, wod 3abesneyumu weuoKy i mouny peaxyilo na GUXIOHy nanpyey nasanmadicenns. Ilomim
SUKOPUCIIOBYEMBCS. MEMOO  KOB3HO20 pedcuMy Ol YAPAGNIHHA KEAOPAMYPHOIO MA NPAMOIO  CKAAOOBUMU  NOMYHCHOCHI, W00
niompumyeamu 6XioHuil Koegiyicum nomyscHocmi pienum oounuyi. Hapewimi yeu nioxio euxopucmosyemvcs Oiisi po3pooKu 080X
cnocmepieauié 0Nl OYIHKU HANPY2U Mepedici ma 3MIHU ONOpY HABAHMAIICEHHSL 8 pedcumi onnan. [ia nooonanis npobiemu, nos's3aHoi 3
SUKOPUCIIAHHAM KIACUYHO0 HULKOYACMOMHO20 (Qinbmpy, GUKOPUCHIOBYEMbCA ANIROPUMM AOANMUBHOT KOMNEHCAYil, w0 KOMNEHCYe
3aeacanHs amnaimyou i ¢azoeoi 3ampumku Hanpye mepedici, wjo cnocmepieaiomsca. Lleii ancopumm 3acHo8anuii Ha UKOPUCMAHHI 080X
HU3LKOUACMOMHUX (inompie y Kackadi ma 3adesnedye minimizayio opsskomy. Pezynomamu. Bynu nposederi nopieHAIbHI 00CIOXHCEHH
MIDIC MEMOOOM KepyBaHHs KOBZHUM Pedcumom Ons kepysarnns mpugasuum sunpamiavem AC-DC 3 wupomno-imnyabCHo0 MOOYIAYIEIO ma
iHwuMy  mpaduyitimumu memooamu. Ilepesipka 3a 00nOMO2010 MOOeN08AHHA MaA NpoedeHi GUNpody8anHa Oamu Oyxce 3a008ilbHi
pe3ynbmamu ma 006enu egheKmugHicms ma 30iUCHeHHICIb KOB3HO20 pedicumy AK ONsl YNPAaeNinHA, max i Ol CHOCMEpedlCceHHs 3d
MPUGAZHUM SURPAMIAYEM 3 WUPOMHO-IMNYTbCHOI0 MoOysyiero. Biom. 25, Tabn. 2, puc. 19.

Kniouogi cnosa: mpsiMe KepyBaHHsI NOTY:KHiCTIO, Tpu(a3HMii BHNPAMJISAY 3 IIMPOTHO-iMITYJIbCHOX MOJYJISII€EI0, KOB3HE
KepPyBaHH:A, NOABIHUI HU3bKOYACTOTHUH PLILTP, OAMHUYHMIA KoedilieHT NOTYKHOCTI.

Introduction. In recent years, advances in the field
of power electronics have contributed to the development
of new static converter structures that allow the
modulation of electrical energy according to industrial
use. These converters are widely used in industrial or
domestic fields, such as non-controlled diodes and
controlled thyristor rectifiers. These converters behave
like non-linear loads, absorbing harmonic currents that
have a very negative impact on the electrical grid. Indeed,
it can cause a number of disturbances, ranging from
equipment dysfunction to complete destruction.

Harmonic pollution is a phenomenon that leads to the
degradation of power quality, especially the distortion of the
voltage wave, which increases the rate of harmonic distortion
of the current that can exceed a value of 30 % [1].
Unfortunately, this value does not conform to the
international standards imposed by the specialized
organisms: [EC 61000, EN 50160 and IEEE Standard 519
which impose total harmonic distortion (THD) limits of 3 %
for voltages and 5 % for currents [1]. In this situation, and to
overcome this kind of problem, several solutions have been
developed: curative solutions such as active filters and
preventive solutions such as pulse width modulation
rectifiers. Low harmonic pollution, controllable reactive

power, adjustable DC-link voltage, unit power factor and
bi-directional power flow are some advantages of this
converter topology [2-7].

Because of its higher performances than the traditional
thyristor or diode rectifier bridge, the three-phase pulse-
width modulation (PWM) rectifier is now widely utilized in
industry, including power supplies for microelectronics,
wind power production, telecommunications equipment, etc
[8]. The design of these non-polluting converters, combined
with a judicious choice of control, provides a significant
improvement current waveform of the electrical grid and
guarantees operation with a unity power factor.

In this context, many techniques have been applied
to three-phase PWM rectifiers to improve power quality.
Voltage-oriented control, which derives from field-
oriented control applied to AC machines, is one of the
efficient techniques that permit decoupled control. It
consists of eliminating the voltage quadrature component
in order to ensure an indirect and decoupled control of the
power. The voltage references for the direct and
quadrature components are generated from the current
controllers in the rotating frame. Since position data is
necessary for all d-q transformations in voltage-oriented
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control, position information can be obtained via
estimation of the virtual flux or from measurement or
observation of grid voltages. As for the reference of the
direct current component, it is obtained from the
regulation of DC-link voltage, while the reference of the
quadrature component is set to zero in order to have a
unitary power factor operation.

By analogy to the direct torque control of AC
machines in the stationary o-f frame, another control
technique for PWM rectifiers proposed by Ohnishi in
1991 so-called direct power control (DPC) and later
developed by Takahachi and Noguchi in 1998 [9, 10].

In DPC, it is possible to control directly the active and
reactive power by selecting the appropriate inverter state from
a predefined switching table. For each sampling time, the
appropriate inverter voltage vectors are selected according to
the errors between the active and reactive powers and their
references and the position of the voltage vector. The active
power reference is provided by a PI controller for DC-link
voltage while the reactive power reference is maintained at
zero to ensure unity power factor. Two DPC configurations
can be used: DPC based on measured or estimated voltage
vectors (V-DPC) [1, 9, 11-12]: the position is determined by
voltage vectors, and the instantaneous powers are calculated
from voltage and current vectors. DPC based on virtual flux
[1, 13-16]: where the estimated fluxes define the position and
the instantaneous powers are calculated from the current and
fluxes vectors. However, the classical direct power control
has many disadvantages, such as: a variable switching
frequency due to the hysteresis comparators, a high filter
inductance value to obtain a smooth current, a low sampling
period is required for accurate power estimation, and its
implementation requires a fast microprocessor and an ADC
due to its high sampling frequency requirement [17].

In order to improve the classical DPC, this strategy
is combined with the sliding mode control (SMC)
approach, which is distinguished by its robustness to
parametric variations and external perturbations [18, 19].
In addition, the SMC is used to design simple, efficient
and more economical observers which eliminates the need
for physical sensors and reduces cost.

In this perspective, this paper aims to improve the
dynamic and static performances of direct power control
using the sliding mode approach. This improvement can
be illustrated by comparison with other techniques in
terms of THD and power factor. To achieve these
objectives, enhancements have been introduced by:

o substituting the PI controller of the DC-link voltage
with SMC;

e ensuring direct and decoupled control for both active
and reactive power;

e replacing grid voltage sensors with a sliding mode
observer combined with a double-low-pass filter to
minimize the chattering phenomenon and to compensate
amplitude attenuation and phase errors;

e on-line estimating variation in load resistance.

Three phase PWM rectifier model. A three-phase
PWM rectifier’s topology is given by Fig. 1, where i, i, i,
and e, e, e, are the three-phase grid currents and voltages,
Vo, Vi, V. are the input voltages of three-phase PWM rectifier,
L and R are the inductance and resistance of interconnecting
filters and R; is the load resistor of the DC side.

According to the per phase equivalent circuit in Fig.
2, the AC side equations can be given as:

L%’zea ~Riy, —V,;
L%’:eb—Rib—Vb; (1)
L%:ec —Ri, V..
i R L

. .

Fig. 2. Per };hase model of three phase PWM rectifier
For the DC side, the equation is written as:

dv, ) ; N/
CTdCZ(Sala + Spiy + S —RLLC. 2)
In the (e, p) frame, the three-phase boost rectifier
model can be written as:

L%:ea —Ri, —V,;
dig ) .
F:eﬂ_Rlﬂ_Vﬂ’ (3)
dvy, . . Vi
C—C: S +S - C.
dt Sale +55ip) R,

SMC-based DPC of three phase PWM rectifier.
The block scheme of SMC-based DPC is given in Fig. 3.
Sliding mode controllers are utilized to regulate the DC-
link voltage, active power, and reactive power.

DPC_SMC
Controller

Fig. 3. DPC-SMC of three phase PWM rectifier

DC-link voltage sliding mode control. To determine
the sliding surface, the general form is given as [10]:

s(t):(m%]"_le(t)w Jlelekr. @

50

Electrical Engineering & Electromechanics, 2023, no. 2



where e(f) is the error between the reference and
controlled values; A, K are the strictly positive constants;
n is the relative degree, which corresponds to the number
of differentiations required for the output, until the control
appears. In our case, n is set to 1, which gives the
following sliding mode surface of DC-link voltage:

Sdc(t)zedc(t)+KlIedc(t)dts ©)
where K is the positive gain and:
eaelt)=Vaelt)=Vae ). 6)

by taking the first derivative of the sliding surface, we
have:

Sae =64 + Kiege =Vye +FCC +K (Vdc - Vdc)_Eldc (7

In steady state, S, = S, =0 which gives:
ige =CVae+ % + ch(VdC Ve )+ Kgesign(Sg.), (8)
L

where K, is the positive constant and the function
sign(S,.) is substituted by a smooth function (saturation),
to minimize the chattering effect. It is given as:

+1 if Sy >p;
sat(S,.)=1-1 if Sy <7 )

Sde ¢ |S4e| <7
/4

where yis the smooth factor.
Stability analysis. Let us take the Lyapunov’s
function as follows:

1

v, =ES§C. (10)
The time derivative of this function is:
V,=8,.8,- (11)

Substituting the derivative of the surface with its
expression, we get:

Vie = [Vdc + RjCC +K (Vdc Ve )J

V.=S,. , (12)
Kie (s )+@+K(V* -,
C g0y CRL 1Vdce dc
: Ky . K,
V.=-S4 gcs1gn(Sdc):— Cdc|Sdc|' (13)

For VC <0, K, must be a positive constant. Finally the
reference of active and reactive powers can be written as:
* .
P =Vyige;
0" =0.
where iy, is the DC-link current.
Active and reactive powers control. In this part,
sliding mode controllers are introduced to ensure that the

powers track their imposed desired values. The sliding
surfaces of active and reactive powers are given as:

Sp =éep +K2I€Pdt;

(14)

(15)
SQ = eQ + K3J‘€th,

where:
ep :P—P*;
%
eQ = Q_Q 5

where K, and K; are the positive gains. The surface
derivatives are given as:

(16)

{SP =eép +Kjep; (17)
So =¢p + Kzep,
where:
{P = eyl +epgig; (s)
O=egiy —e4ip.

Substituting active and reactive powers by their
expressions and calculating the derivative of surface
functions in matrix format, we can obtain:

Spp=F+DU, (19)
where:
e €p
S
D= , U= and
_% B Vp
L L

5, . o R 1 2 2) . % «
Vala +Vﬁlﬂ +[K2 —IJP-Fz(Va +Vﬂ — P —KzP

F= R R
Vﬂla _Valﬂ +(K3 _Z\JQ_Q _K3Q

where U is the vector control and F' is theindependent term.
In a steady state, to obtain the equivalent control term:

Spp =0. (20)
So:

Uy =-D'F.
Finally, the control vector is given as:
U=Up,+Uyy =—D"'[F+ Kpgsign(Spp ). (22)

The Lyapunov’s function derivative is given by:

@n

VPQ = SPQSPQ =
=Spo(F +DU)= (23)
= SpolF+ ol o [F+ Kpgsign(Spg )]])
Simplification gives:
Vro =—Kpo|Spo|- (24)

S0 VPQ <0 only if Kpo is the positive constant.

SMC-based grid voltages observer. From the
dynamical model of three phase boost rectifier in (e, f)
frame , the current model can be given as:

di 1
g _ .
E_f(eg ~Rig =),
where i, = [ia iﬁ]r, eg = [ea eﬁ]T and V, = [Va Vﬂ]T.
The sliding mode observer model is expressed as:

dL‘tg = %(Gsign(Sg)— ng - Vg),

where Sg =iy —lg

(25)

(26)

is the observer’s sliding surface of the
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current, fg :[fa i ﬂ]T is the estimated current vector,

G= [Gl G, ]T and G, G, are the positive gains.
From the previous equations (25), (26), we get:

ds, i
b i)

when sliding mode is reached S'g = 0, estimated grid

27)

voltages can be expressed as:
eq = Gsign(S,, ). (28)
A low-pass filter (LPF) that also reduces the impact
of the chattering phenomenon can be used to produce the
grid voltages.
eqr = LPF(Gsign(S, )). (29)
where eyr = [eaf e ﬁf]T is the observer’s filtered output

in (e, p) frame.
The use of the LPF to minimize the chattering of a
sliding mode observer has the disadvantage of attenuating
the amplitude of the observed signal and creating a phase
delay between the estimated and the signal to be estimated.
To remedy this problem in [20] authors have proposed an
adaptive algorithm to compensate the attenuation caused on
the amplitude and the phase delay. This algorithm also has
the advantage of being insensitive to the variation of the
frequency of the grid voltage, which improves the precision
of the observation illustrated in Fig. 4.
4 I

A
iy I—
=

’ Sliding Mode Observer

- )
4 I
LPF LPF —
> >
€g2 g g
=
Argument and Magnitude Calculation E
o
0,,0,,E, ,E, a
S
N L !
=
Attenuation Amplitude and Phase Delay g
E Calculation g
AE:E—I, AO=6,-6, g
2
) ) £
S
Grid Voltages Estimation =3
Equation (33) =
- \L i )

o>

a é/!
Fig. 4. Sliding mode-based grid voltages observer
The strategy of this algorithm is based on the use of

two identical filters of low-pass type in a cascade (with
same cut-off frequency ).

a)c
e = €ofs
gl g
s+ @, 30
(30)
€g2 = < gl
& s+aw. ¢

Amplitudes and arguments of outputs of previous
filters can be calculated as follows:

Aok o)
Ey = ||egz||; 0, = arg(egZ)
The errors in amplitudes and phases can be deduced as:
AE = ﬂ;
E, (32)
A0=6,-6,.

Finally, we can get the expressions of the estimated
grid voltages by taking into account the compensation of
the amplitude attenuation and the phase deviation, as:

é, = B AE? cos(, +246),
ép = By AE? sin(60, +240).

Load resistance observer [21]. From the DC side
voltage equation, the following two equations can be
written as:

(33)

Ve 1 o Ve
“a oSl S~ g
v, 1 v 34
dc . . dc .
Slde _ —(S,i, +Syig)- + Jsign(ey )
% C( ala +Spip) CR,, gney)

where ¥, is the observed DC-link voltage and Ry, is the

nominal value of load resistance, the error observation is
given as:

ey =V, Vg . (35)
In addition, the error dynamic equation:

dey _dVy AV

dt dt dt
. (36)
| ae _ Vae |_ /Isign(ey )’
CR; CRy
where A is the positive constant that satisfies:
As|| Yde _ Vae | (37)
CR; CRyy

when sliding mode is reached in finite time, equivalent
control:

. Vie  Vae
Vd = Vd = ¢ ___6c J = VR, , (38)
¢ (CRL CR;o “

where Vi, is the equivalent control [22, 23] of the
observer. Its estimate I}R’eq can be generated by the LPF:

Vi.eq = LPF(Jsign(ey ). (39)

Finally, the estimated load resistance can be deduced
from its nominal value and the observer’s output:
— CVRoeq

L =——+R Lo - (40)
Vdc

Simulation results and discussions. To illustrate the
effectiveness and the feasibility of the enhanced DPC based
on sliding mode approach for control and observation,
simulation studies were carried out with MATLAB/Simulink
under several operations conditions. For this purpose, all
three-phase PWM rectifier parameters are summarized
in Table 1.
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Table 1
Three phase PWM rectifier parameters
Parameters Values
Grid frequency f, Hz 50
Grid voltage V, V 120
Reference of DC-link voltage V;c Y 300
Grid side inductance L, mH 16
Grid side resistance R, Q 0.1
DC-link capacitor C, puF 1100
Load resistance R;, O 40—80
PWM frequency fp, kHz 15
Several  tests were carried out  using

MATLAB/Simulink to test the performance of DPC control
based on SMC. In the first test, and for a variable load profile
depicted by Fig. 5 the DPC-SMC block diagram is simulated
for two operating conditions: with grid voltage measurement
from O to 1.5 s and then without grid voltage sensor using a
sliding mode observer from 1.5sto 3 s.

100 T T T T
Load profile, Q
Ry,
80
60 | b
40 §
s

20 . L . . L

0 0.5 1 15 2 25 3

Fig. 5. Load profile

The curves obtained are illustrated by Fig. 611 and
the following comments can be carried out.

In the presence of disturbance and according to Fig. 6,
the DC-link voltage tracks perfectly its imposed reference
(300 V) with a disturbance rejection considered good at the
moments of load variation.

Figure 7 shows the evolution of active and reactive
power. It is very clear that the active power has behavior
identical to that of the reference generated reflecting the
applied load. It is equal to 1195 W for R = 80 Q and then
increases to 2300 W when the load passes to R = 40 Q.
On the same Fig. 7, it can be seen that reactive power has
a zero average value, which guarantees a unitary power
factor, and therefore the grid current and voltage are
always in phase (Fig. 9).

Under a variable load profile, Fig. 10 shows the
waveforms of the three voltages measured and estimated
using a sliding mode-based observer. Whatever the
operating conditions, the introduction of the voltage
observer at time 1.5 s gives good results and the estimated
grid voltages show no amplitude attenuation or phase
delay compared to the actual signal. This is justified by
the introduction of a compensation algorithm.

As for the power quality, for both with and without
grid voltage observer operating conditions, the THD is
less than 5 %, which is in accordance with IEEE 519
International Standards Fig. 11 for various operating
conditions.

310 — T . . :
DC-link voltage, V
v dc
Vi
305 - 1
300
295 - 1
Z,s
290 ! ! ! ! !
0 05 1 15 2 25 3
Fig. 6. DC-link voltage regulation
3000 - . — . . :
Active and reactive P
powers p*
Q
2000 f Q 1
1000 |- .
0 | 1
1 1 1 1 1 t’ S
0 05 1 15 2 25 3
Fig. 7. Active and reactive powers
Grid la Ib Ic]
20 reurrents, A ]

220 F i
0 05 1 15 2 25 3
Fig. 8. Three-phase grid currents

Grid voltage and current, A
[
200 T 1 Va

5la | .

-200

0 O.SN 1 15 2 ¢ 25 3
200 200
100
0 0
-100

-200 LSl 200 LS
046 048 05 052 054 245 25 255

Fig. 9. Grid voltage and current

Another test is done in open loop to illustrate the
advantages of the observer associated with double LPFs and
a compensation algorithm. Examination of Fig. 12, 13 shows
that the errors in amplitude and phase are very noticeable
when the observer uses a single LPF. At time ¢ = 0.5 s, the
system based on double LPFs and a compensation algorithm is
introduced. It is easy to notice that the amplitude attenuation
and the phase delay can be compensated.
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Grid voltages, V
200 T :

| va — b - Ve

150 I

-150

Without observer |l With observer

200 I LT s
148 1485 149 149 15 1505 151 1515 152

Fig. 10. Grid voltage with and without observer
1 T T T T T

THD, %

08 |

06

04t

02 b
0

0.25 0.75 125 175 2.25
Fig. 11. THD of grid current

0 P4 voltages, ¥

N

0.6 0.8 1

-200 1 1 i
I With double LPF
1

0 0.2 0.4
With single LPF

-100 i i | i i
044 046 048 05 052 054 £,5 056
Fig. 12. Observed grid line voltage with compensation algorithm
200 : . . .
AV, V 2
150 .
‘MWW
100 .

-100 4

-150 T

-200

0 0.2 0.4 06 08 1
Fig. 13. Grid voltage observation error

The second test evaluates the DPC-SMC without a
grid voltage sensor and with online estimation of the load
variation using a sliding mode observer and under a load
variable profile.

The results show that the performance of the
sensorless DPC-SMC control is always better. Figure 14
shows that the observer accurately estimates the load
variation which is reflected by the low estimation errors
shown in Fig. 15.

In Fig. 16, the measured the DC-link voltage tracks
perfectly its reference, which confirms the good design of
the voltage controller.

100 — .
Load variation, R
Ry
]
80.01
60 .
79.99
ol 02 |o21 02
» . . ts
0 05 1 15
Fig. 14. Load observation
AR, Q ' '
01
0.05
ol
4s
-0.05
0 05 1 15
Fig. 15. Error in load estimation
310 - :
DC-link voltage, V v
dc
VEC
305 .
300 [_
205 - .
4,8
290 .
0 05 1 15

Fig. 16. Behavior of DC-link voltage

For Fig. 17 depicting the evolution of the instantaneous
active and reactive powers, it is very clear that they present a
fast dynamic and track their references without overshoot.

3000 T T
Powers, W 5
p*
Q
2000 |- el
1000 [ 4
0 ]
| ts
0 0.5 1 15

Fig. 17. Instantaneous active and reactive power

The high quality of the grid line current (sinusoidal
waveform) is confirmed by a good unit power factor, as
shown in Fig. 19, and by the low THD values indicated
by the bars in Fig. 18 for various operating conditions.

Table 2 presents a comparison between DPC-SMC

and other control techniques based on several terms.
Table 2
Comparison between conventional control strategies and DPC-SMC

DPC-SMC | DPC [24]| Other techniques [25]
THD, % 1.13 3.17 3.35512.2
Power factor 1 1 0.98—0.99
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From this comparative table, the DPC-SMC control

shows its superiority over the other techniques.
15 T T T

THD, %
1k
05
0 ts
0 0.25 075 1 1.25 15
Fig. 18. THD of grid current
Power factor ' '
1.005
1
|
0.995 |-
099 |
098 |
t,s
097 :
0 05 1 15
Fig. 19. Power factor
Conclusions.

In this paper, the classical direct power control has
been combined with a sliding mode control to control active
and reactive power and to ensure an accurate regulation of
DC-link voltage. To eliminate the need for voltage sensors
and to get the online variation of load resistance, sliding
mode based observers have been designed for this purpose.
Through a series of tests, especially in the presence of
disturbances, it has been shown that:

1. The sliding mode offers a clear improvement to the
DC-link voltage regulation regardless of the load profile.

2. The combination of the sliding mode approach with
direct power control has eliminated the need for a
switching table, thus reducing the control complexity.

3. High performance instantaneously decoupled power
control achieved using a sliding mode control which
provides a unity power factor.

4. The sliding mode-based grid voltage observer
combined with the compensation algorithm provided
accurate results with minimum chattering compared to the
single low-pass filter case.

5. A good power quality is justified by a lower total
harmonic distortion value.

6. The direct power control — sliding mode control
gives better performance than conventional techniques
with a total harmonic distortion value less than 5 % and a
power factor close to unity.
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