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KRITTAKARN RUANMAKOK : OPTIMAL SLIDING MODE
CONTROLLER DESIGN FOR SHUNT ACTIVE POWER FILTER.

THESIS ADVISOR : ASST. PROF. KONGPOL AREERAK, Ph.D., 161 PP.

HARMONIC ELIMINATION/ SHUNT ACTIVE POWER FILTER/ SLIDING

MODE CONTROLLER/ MATHEMATICAL MODEL

This thesis presents the harmonic elimination using shunt active power filter
(SAPF) in the balanced three-phase system. The instantaneous power theory with
Fourier (PQF) is used for harmonic detection. Moreover, the PQF is improved for
some order and all order except n order detections. The design of the compensating
current controller and the DC bus voltage controller are based on the mathematical
model on DQ - frame. The PI and sliding mode controls are selected to use in the
thesis. In addition, artificial intelligent technique called the adaptive tabu search
(ATS) is applied for the performance improvement of the sliding mode controller.
The PWM technique is used to generate the switching signals for IGBTs of shunt

active power filter. The minimum %THD,, of source currents after compensation is
the aim of the thesis. The %THD,, of these currents follows the IEEE std.519-1992.

Moreover, the hardware in loop simulation (HIL) using eZdsp ™ F28335 is applied to

implement the sliding mode controller for the real system.
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Host-Target Communication via RTDX channel

HOST HOST
: ) RTDX Write RTDX Write _’®
Inl ichanl ochanl Outl
»n1 RTDX Write RTDX Read
HOST

In2 ichan2
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In3 Target RTDX Writel

HOST

a ) RTDX Write
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(2] GEL files
-3 Projects

<

= int nbuf =2; =
0 | f

ram Files\MATLAB\R201 1b\toolboxlidelinkiextensionsitic.... (= |(2][X]

x

#include <stdio.h>

#include "SumDiff.h"

#include <rtdxz.h> o BTOY Resd -
#include "target.h" % TIARET JNTTIELITE o

=l x§ SMC.pjt (Debug)

(22 Dependent Project
(232 Documents
(£ DsP/BIOS Config
(12 Generated Files

#-(1 Indude
(22 Libraries

= 23 source

+

void add_sub_buffers(float *inl. float *in2, float *in3, float *outl):
#define MR BUFSIZE 16 o#*-— lhper Jimit an date Suffer --%-

w-— define Suffers. leave wpinitisiized. to be supplied & MATLAR -+~

*
:;:'(C;m Float dinl[MAx BUFSIZE

]
float din2[MAX_BUFSIZE)
float din3[MAX BUFSIZE]
float doutl[MAX BUFSIZE
float a.b,c.d,e.f.g.h;
float id ref,id,ig ref,iq,Vdc_rel,w;

float Ud.Ug.Ueg_d.Ueg_g.sd.sg.Usd . Usqg:

float Lf=0.039,Cdc=0.0002,Vd=361.0512,Vdc_ref=750;
float kic=98.684.kvd=1.96,kvg=5.70:

~®—— dafinas sotusl size. must be less than limit -#e

if

| &

[Linking...] "C:~\CC3tudio_w3.3~C2000ncgtools bin~cl2000" -@"Debug.lkf"
<Linking>

Build Complete.
0 Errors, 0 Warnings, 0 Remarks.

%, @2 [DISCONNECTED (UNKNOWN)

]\ Build Ll =+

Ln 74, Col 30
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Absmacr—The paper presents the commol of shumr active
power fllter using rhe siding mede conmoller. The Insranraneons
puner lbewy iz applied v e wenic deleciion v akulale (be
reference currents. The dynamic model: of the shunt active
power filter on three phase and dy frames are propesed im the
paper. The modsl en dg frams iz wied to derive the comtrel
sirategy Moreaver, the stahility criterion nzing the Tyapmmav
function is also presented in the paper. The simulation results
show that the proposed coniroller can reduce the %THD of
source currents after compensation and it can regulate the DC
bus voltage of shunt active power filter.

Egywords—shunt acive power filter; sliding mode commrol;
harmonic elmmaaon; Lyapuney funcion

I  INTRODUCTION

Presently, the nonlmear loads can generate the harmomes
mto the power system Lhese harmomes cause a lot of
disadvantages |1-3]. Therefore, the harmome ehpunation 15
necessary for industries. It 15 well known that the shunt active
power filters (SAPF) [4-7] can mingate the hammonic cwrrent
of the system as illustrated in Fig 1. Three-phase bndge
rectifier feeding resistive and inductive loads (R=130 @ and
L=4 H} acts as the nonhinear load of the system. In the paper,
the instantaneous power theory [8] 15 applies to caleulate the
reference currents (i°,#,.i" ). The shdmg mode control
[8-10] 1z used to control the eompensation cwrents and DT
bus veoltage of shunt actva powar filter. In addihon, the
stability enterion demved by a Lyspunov function 1z fully

proposed m the paper.
g
w
T Frowphane ok ler

v, d L

=i dy

i

Fie. I.Ihehmmnnlcdimmﬁﬂnsﬁmusmzshmncdw power filier
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The revew ol
plavlausows powes leory lw caoulale e elaence cwrenls
£ desecriled w Secion I The Sectwon IT presents ile dysami
wodels of shuot aclive power [lier w Qaee-phase and oy
Daes. The slidisg wode coobol concepl asd  slalabiy
criterion derived by Lyapunov function are fully explained in
Section IV. Section V is the simulation results and discussion.
Finally, Section VI is the conclusion of the paper.

The pape 15 sbuclwed as ollows.

m REVIEW OF THSTANTANENTIS POWER THEORY
The hammonic derection method for shunt acrve power
filter using in the paper is the instantanecus power theory
called P method. The PQ) harmonic detection method can be
reasonzbly summarized as a block diagram as shown in Fig. 2.
In kg 2, the three-phase reference curents (77 .. ) can be
caleulated from the PQ harmome detection block. There are

six steps to caleulate these reference cumrents using the PO
harmenic detection method as follows:

Step 1. Transform the three-phasze source voltages (y i}

't Vi e Vg

o g frame ':V;Wr:_ﬂ i3

Stgp 2: Transform the three-phase load curents (i, ,i,,.i, ) to
aff frame (i ).

Step 3: Caleulate the instantaneous active power (p, ) and
reactive power (g, ) usng the voltages and currents
oyl Fame.

Atgp 4: The high - pass filter (HFF) is used to separate the
harmome component (p,) from the mstantaneous
active power ( p, ). In the paper, the cut off frequency
of HPF iz aqual to 250 Hz.

Stgp §: Caleulate the refercnee currents on g frame (5 :j"ﬂ}.

Atgp 0: Calculate the three-phase reference curents (7 i, .40 )
for shunt actrve power filter.
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Fig. 2. The PQ harmonic detection

II. DYNAMIC MODEL OF SHUNT ACTIVE POWER FILTER

TesE " e

Fig. 3. The equivalent circuit of shumt active power filter

The circuit i Fig. 3 15 the considered system used to
derive the dynamic model of shunt active power filter. The
balanced three-phase three-wire system is the assumption in
the paper. The dynamic model of the shunt active power filter
on three-phase system in term of the state variable model can
be written by (1). The three-phase switching function are
denote by d,,d,and d, respectively.

R i
. L ! Li .
Im d 1 \’_e:ﬂ
=llo -2 ¢ & '
d|i | I L 1% 5
arli | 0 R odli|L L
T, L Lird |
R A
C& C& Cﬂ" JI

In this paper. the dg approach is used to describe the
control strategy of the system. Therefore, the mathematical
model on three-phase system in (1) can be transformed into
the dg frame using the transformation matrix by (2). The
fus fy.and f are the current or voltage on three-phase system
while the f; and f; are the current or voltage on dg frame. The
transformation matrix (K,) in (2) 1s shown mn (3). The #1n

matrix K, 1s the phase angle of the source voltage vector. In

the paper, we set the d-axis on the source voltage vector with
the same phase angle

L
m[hl 7 @
! I
2 (, 2
d cos(@) COG{@—T] co%\ﬁwT)

7] [ L . 2r) 3
[K]=1J§ —sin(d) —sm|\|9—?J —sm(ﬁw?J )]
ey L L
2 W2 2

From (1), the differential equation of the compensating
current on three-phase frame can be transformed to the dg
frame using (2) as given in (4). The switching function on dg
frame are denoted by d; and d,-

R, 4
i,] L L i Vod
dl = | R d|° e @
—|i o -= Zli [-—|v
at| = | N e
Vel : ‘7 0
«d| d _i i e
c, C,

IV. SLIDING MODE CONTROL

The design methodology of sliding mode control for shunt
active power filter is outlined 1n this section. The sliding mode
is the motion of the state variables under the shding surface.
The state variables of the system can converge to the
equilibrium point in steady state condition. The control signal
of the sliding mode control consists of two terms as shown in
(5). The equivalent controls on dg frame are the first term
denoted by LI and the u 15 the second term.

Uy, =0, 0+, O]

U U [/
Where llﬂ-q:|: di|\l.l,qdq=|: vq=a‘i| and W 4 :|: “'d:|-
u ! " - u
q eq.q g

The sliding surface (5) can be written i general form by
(6). The gain matrix (K ) and the state variables of the system
are shown in (7) and (8). respectively. Thei,.7, and ¥, are
the compensating currents on dg frame and the DC bus
voltage of the shunt active power filter, respectively.
Replacing the gain K and state variables from (7) and (8) 1nto
(6). 1t can provide the shding surface on dg frame as illustrated
by (9). The $, and 5, n (9) are used to define the 5 ,and

U, 3 shown 1 (10).

s=K[z-x) ©
k0 E,
K= “
|:0 k. kw:| @
x| i
1‘: J’; = f:q [t}
x| |7
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Fig. 4. The system simulation usmg SMULINK
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(109)

The dynamic model from Section IIT can be used to derive
the equivalent controls on dg frame (“M-u‘b)' The state variable

model of active power filter in (4) can be wrtten in the
general form by (11) as shown m (12).

i=Ax+B(xju+G (11)

In the sliding mode control concept. the equivalent
controls (U g ) should be found by setting the derivative of

the sliding surface (S) to zero as depicted by (13).
Substituting X from (11) with u =u g 1t gives the equivalent

controls as shown 1n (14).

s=K[x-5")=0 (13)

0=K(Ax+B(x)u, +G)- K&’
(KB(x))' Kz - Ax-G)=(KB(x))" - KB(x)u,,

u,, =(KB()"- K& - Ax-G)) (14)

The stability analysis usmg the Lyapunov function is
necessary for using the sliding mode control. The Lyapunov
function in the positive definite function is considered as
shown i (15). Therefore, the time-denvative of U can be
written by (16). In general, the condition of the sliding mode
controller is defined by (17).

U:lsrs> 0 (15)
2

U=s"s (16)

U=ss<0 (17)
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From (13). § can be written by (18). In (18). the zero mitial
values and neglected the external disturbances are the
assumption in the paper. Therefore. Sbecomes to (19).
Replacing sand s from (9) and (19) nto (17), it can provide
the condition for selecting the sliding mode gains as shown in
(20).

s=K(ax+B(x)u,, 4 —seals,, )+ 6 (18)
é:KB(x)‘(— sgn(s)) (19)
L . .

- '(k\u' +k1'q}‘ a“cd|+ Irq }<k."rp:.1'r (20)

Ca

i

V.  SIMULATION RESULTS AND DISCUSSION
The system 1  Figl can Dbe smulated by
SimPowerSystem™ ™ in SIMULINK as depicted in Fig. 4. The
system parameters for simwlation are illustrated in Table T

The reference currents (7, ) for shunt active power filter

ly T
are calculated by using the instantaneous power theory as
described m Section 2. In the paper, there are two cases for
harmonic elimination simulation. In the first case, the gains of
the sliding mode controller do not follow the condition in (20)

(k_‘.r =20k, :5{],,}‘? =100). The second case, these parameters
are selected as followed by (20). ( k. =100k, =5k, =1).

TABLEL SYSTEM PARAMETERS

Phase voltage (rms) =220V
Mains fundamental frequency f=50Hz
Line inductance L=10mH
Active filter parameter L=30 mH
C4=200 pF
Load parameter L=4H
R=130 Q
Frequency switch PWM f=5000 Hz

The simulation results for case I are shown m Fig. 5. The
load current (i;,) of phase a i Fig. 5(a) 15 a ughly distorted
waveform. The source current (7.,) after compensation 1s also
non-sinusoidal waveform. It means that the slhiding mode
controller cannot control the compensating cusrents to track
the reference currents as shown in Fig. 5(b) for the currents on
dg frame. Moreover, the controller with the gain parameters
for case I cannot regulate the DC bus voltage of shunt active
power filter to constant value (750 V). The Fig. 5(c) shows
that the DC bus voltage cannot track the reference value. From
the results, the system 1n case [ 1s unstable because the gramns
of sliding mode controller are not satisfied with (20).

~rw.[ ].II gyl L[ |_I JrL[ | | L[[l

7]

PV W “\.’\.’Vn\/\f\fUW

TS LAY YY) Jﬁf\/\f\\f\f\:

T T
-

(a) Load current (f.;), compensating current (i..}
and source current (i): phase a

—,

L
[ w [ ] ] ] [ E

() Dc bus voltage
Fig. 5. The simulation results for case J

For the simulation results of case 7, the sousce current (i.,)
after compensation 1s nearly sinusoidal waveform as
illustrated m Fig. 6(a). The compensating currents on dg frame
can track the reference currents as shown in Fig 6(b).
Moreover, Fig. 6(c) shows that the controller can regulate the
DC bus voltage to reference value. The %IHD of source
currents before and after compensations are addressed m
Table II. The average %THD (%THDav) before and after
compensations are equal to 24.41% and 4.93%. respectively.
It means that the source currents before compensation are
highly distorted, while the source currents after compensation
are nearly sinusoidal waveform From the simulation results
of case II, the sliding mode controller with the gain parameters
followed by (20) can control the compensating currents and
DC bus voltage to track the reference values. From the
simulation results of case I and I, the gain parameters of
sliding mode controller should select under the stability
criterion by (20).
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(a) Load current (i), compensatng current (7..)
and source current (i,,): phase a
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Fig. 6. The simulation results for case [T

TABLE LI %:THD OF SOURCE CURRENTS BEFORE AND AFTER

and DC bus voltage to track the reference values. Therefore,
the %THD of source currents after harmonic elimination using
the controller proposed 1n the paper is lower than the %THD
before compensation. In addition, the shding mode controller
can regulate the DC bus voltage of shunt active power filter.
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The compensating currents control using sliding mode
controller 1s presented in the paper. The mstantaneous power
theory 15 used to calculate the reference currents of shunt
active power filter. The dynamic model of active power filter
1s applied to derive the control strategy. Moreover, the concept
of sliding mode control 1s fully proposed in the paper. For
using the sliding mode control, the stability criterion 1s the
important for gains selection. The simulation results confirm
that the sliding mode controller with the parameters followed
the stability criterion can control the compensating currents
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