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Abstract
This paper presents a combined active front-end converter and shunt active filter (AFE+SAF) controlled by p-q theory control
algorithm. The Combined AFE+SAF is able to compensate reactive power, harmonic power and unbalanced power produced by
unbalanced linear, non linear and at the same time three phase AC to DC power conversion AFE+SAF will not pollute the source
currents. The p-q theory control algorithm is able to meat the target of load compensation and three phase AC to DC (for drives)
conversion. the AFE+SAF verified by simulation for different cases as unbalanced linear load, non linear load, unbalanced linear
and non linear load, unbalanced linear non linear and drive load. The whole simulation has been carried out on the mat lab/ simulink

software.
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1LINTRODUCTION

In the last half a century years an increased nurabeower

electronic equipments connected to the grid causalécrease
of power quality of the grid. In Last two decadeasge active
front end converters (AFE) are substitute for toeld rectifiers

or thyristor rectifiers in variable speed drivesek though the
thyristor based rectifiers and diode rectifiers aréow cost and
high reliable, AFEs [1][3-10]Jare used for driveschese
bidirectional power flow capability, selectable pmwfactor

capability, sinusoidal source currents and linepyuwoltage

capability etc., shunt active filters and seriesva filters are
used for the compensate harmonics and reactive mpatvhe

grid. The drawback of the active filters is the ewgrative
capability for drives. Load compensation can eintly

achieved by the active filters and AFE [12-16]afgleato

maintain the source currents as sinusoidal, regéuer
capability hence the combination of these advastaga make
one converter as combined active front end convartd shunt
active filter (AFE+SAF).

The proposed control algorithm is suitable actsARE+SAF
and it solves the problem of regenerative capabilibad
compensation and power factor control etc. IGBTe¢hieg
bridge with midpoint capacitor converter is usedtlas [16]
AFE+SAF power electronic converter. The very fampgg2]
control algorithm is to calculate the referencerents for the
converter. The objective of the pq theory is tovahthe three
phase system into the single phase system so dhgtutation

To evaluate the performance of the AFE+SAF, comeile
different cases such as (i) DC Side Equivalent ®toad, (ii)
Unbalanced Linear Load, (ii) Non Linear Load, (iv)
Unbalanced Linear and Non Linear Load, (v) Unbed¢ah
Linear , Non Linear and DC Side Equivalent DrivadoFor all
considered cases the proposed converter is abiee&b target
of compensation. A performance index is used tosmeathe
distortion in source line currents is known as %THB its
values are observed that in the premises of IEEE 19 [17]
standard.

The organization of the paper is as follows, irtisedl, it gives

introduction about the AFE and shunt active filfEhe section
II, pg theory control algorithm derived for the iaet front

converter, SAF and AFE+SAF. in section lll, the estlatic

diagram of the AFE+SAF converter is explained.He section
IV, simulation results and discussion of the coeséd system
for different cases have been included. the fimaictusion of
the carried work about the AFE+SAF control by pgdty has
been concluded in the section V.

2.CONTROL ALGORITHM

Instantaneous p-q Theory to deal with instantanamlisges
and currents in three phase circuits mathematicatlyis
adequate to express their quantities as the irstaotis space
vectors.[2][16]

currents from

Transform the voltages and

of the real power and imaginary powers easy anch the a-b-ciy@-B-0fame

compensate as requirement of the system. In thierppq
theory compensate reference currents are giverraepafor
active front converter, shunt active filter and AFSAF.
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Since the system is to be consisting only posiseguence
components such that system can balanced and harifnea.

The above equation derived from the instantaneasstiye

sequence symmetrical components i.e.,

Vop = \/% (va +av, + azvc)

2
Where
2
a=e 3 :cos(2—71)+ jsin(z—n)
3 3 (3)
The above equation separated into real and imaginar
components,
Real term
2 1 1
V, ==V, ==V, ==V,
a \/;( a 2 b 2 c) (4)
Imaginary term
V,E = g(ﬁ\/b _ﬁvc)
2 2
®)

The same is true for the current expressions. niest@ous
space phasor is rotating with angular speed of

% =Tan? (V_ﬁ)
dt v, (6)

From the source system has to supply only activeepowhich
is equally supplied through the individual phases.

The power from the supply derived by the p-q theory
S=Vyp* ia/; =(vy + jVﬁ) *(ig — jiﬁ) =Vylg +V,Bi,8 - j(Vaiﬁ _Vﬂia) @)
The load is requires only active power, hence

Vaia +Vﬁip’ = Pdc = pa/i

®)

And there is no need of reactive power in load bielece

Voig =Vl =0=0,, )
When the unbalance system

components come into picture, The Load doesn’'t naey
unbalanced power

P

—_ * 1 —_
o= Vo Io_o

oj1
The above equations can written as
P, 0 0 ||ig

paﬂ = 0 Va
Oap

Vo
Vg | |ig
0 -V Vv, ||ls (11)

The current equations can written as
Po

VoVe ~VoVg || Pagp
V0Vﬂ VoVa qqﬁ

iy Vg 0 0
|

iy S 2 0
iﬁ 0VapB 0

(12)

The AFE Converter capacitor is connected to theside load
i.e. Pdc. For the Capacitor DC Voltage regulati®h¢ontrol is
used i.e., The error of the voltage is pass throtlgh PI
controller, gives Pc which is proportional to threaunt of real
power which needs to maintain the DC capacitor agust
Hence

paﬂ = Pdc + Pc 113
Active Front End converter with shunt active filter
compensated current equations can written as
ito Vi+vg 00 Py
i -ﬁl 0 Vovy ~Vovg | | Rap—R -Py.—R
fa |~ 2 2 0Va ovg ap afavg  "dc  c
pl\V,” +V,
it Ve % 0 VoVg VoV o}
(14)
When there is no external load to PCC except Adtnant End
I, =i, =i.=0
converter 2~ Ib e the compensated currents are
o L V2 vt 0 0 Do
it =7—)2 > 0 VoVg —VoVg | | ~Pec =R
. VolV,~ +V
itg Ve 778 0 VoVg  VoVg o]

(15)

When Active Front End converter acts as shunt acfilker

lee =0 the compensated currents are
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ito . V22 0 0 N, The AFEI+SAF :_;chemath cir((:lléiths_lr_wow_nhin fig_.2. csltlt;:ofdtr;e

i = _ _ _ power electronic switches with anti-paralldiode),
@ Ve 8 on” vvflvﬁ Al ~ o ~F2 filter inductance Lf , resistance Rf and mid poiunnected

' or a (16) capacitors which maintains the DC reference voltaGee
power electronic switches can controlled by thehmpry based

3. SYSTEM CONSIDERED algorithm generated gate signals for the AFE+SAFRckwhs

. . . s ) shown in fig.3.
The electrical system is considered in this paperfaluating

the performance AFE+SAF simulation model in

matlab/Simulink is as shown in fig.1. three phasarfline l*
electrical distribution network is used to serve kbads such as V
domestic, industrial and signal towers etc. theseld and the o QA & &
compensating devices are generally connected att pafi .
common coupling (PCC) in the system which as shiovfig. 1. % b R, b owei L Re Vg
-+ NWF«M—F’MW—@
PCC lfg i L i oL R Vg
s € DCside bR n | e ke
\'A . loe Equivalent — N ——— +MMN_@7
i ) I'tb Ve Diive , : v
- V, | || AFE DC side L Re e M@i
i S id + Equivalent 4/\(\/\(\_/\/\/\,—»—
sc - SAF Drive | .
V. {1
. Y |
i
'Ia T
Yii | Linear
S| +
‘||C on linear|
i1 foad Fig.2. AFE+SAF schematic circuit
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Fig.3. PQ theory based algorithm generated gate sigoathé AFE+SAF
4, SSMULATION RESUTSAND DISCUSSION Case II: Unbalanced Linear Load

Case lll: Non Linear Load

Case IV: Unbalanced Linear and Non Linear Load

Case V: Unbalanced Linear, Non Linear and DC Side
Equivalent Drive load

Evaluation of the control algorithm for AFE+SAF dene by
considering four different situations in the systgiven by
Case I: DC Side Equivalent Drive load
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An active power filter with front end converter hagen
simulated in MATLAB to verify the proposed contretheme
with the parameters as shown in Table |

Tablel
Parameters Numerical Values
Three phase supply 325 Vph(peak) ,50 Hz
Feeder impedance
Lsk, Ry . where 0.06 mH, 0.©
k=a,b,c
Shunt impedance 2 mH, 0.0%2
Lshk, Rshk
DC link capacitance 220 pf
Udc reference 700V
Hysteresis band h 2A

The deigned converter with above parameters ire thisl tested
under different load conditions as follows.

Casel: DC Side Equivalent Drive L oad

In this case AFE+SAF is provided to the only DC esid
equivalent drive such as motoring and regeneratiodes, i.e.
converter works as active front end converter. pédormance
of AFE+SAF is to maintaining the DC link voltage #0OV.
The loading values for various time periods as showTable-
2. The simulated waveforms for this operating ctiadiare as
shown in Fig 4. The fig.4. is give information aibathe
relation between the source currents and the PQ@ges are
in phase for the motoring mode and opposite phase f
regenerative mode and the source currents are Huettal
positive sequence components only.

Table-2
Time in Seconds Types of load connected to |DC
side
t=0.0 to 0.01 No Load
DC side equivalent drive load
t=0.01 to 0.08 of current -10 A (regenerative
mode)
t>0.08 DC side equivalent drive load
18 A (Motoring mode)

SOURCE CURRENTS

POAPBAARA

0 | I | | | | | |
0.04 0.05 0.06 007 008 0.09 01 011 012 013 0.14

PCC VOLTAGES
400 : ‘ : 1 : : ‘ : :

P i T R T R
004 005 006 007 008 009 01 01 012 013 014
Time

Fig 4. Simulated results for the operation of active frend
converter with DC Side Equivalent Drive load (a)8t
currents (b) PCC voltages

In general in three phase to DC conversion prohassionics
have introduced in the three phase circuit, butwederont End
converter can handle the DC Side Equivalent Drivadl
without polluting three phase source currents. Moftage
across each capacitor is forced to be equal to 3609aintain
a DC voltage of 700V. At the beginning of operatien t=0
there is no load hence the source current is z¢r;0.01s the
load is applied to the DC side as -10 A of equinalfrive load
which can treated as regenerative mode and fronm08=8
onwards load considered for motoring mode as 18o&d |
connected to the DC voltage. Even though the Idzahges
abruptly the source currents are in sinusoidal witange of
magnitude. During first interval no load is appliesecond
interval regenerative load -10A is applied and dralae source

currents of peak valuéamax =14.19A and THD in an around
5.28%, third interval load is an motoring mode 8&Al1 draws

power from the source current magnitude Iéf"ax =26.83A
and at thd of 3.46% nearly. Source current mageitadd
%THD have been shown in TABLE 3.

yyyyyy

Fig 5. Simulated results of voltage across capacitor! @
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LOAD CURRENTS
T T T

In fig.5 Shows thatvdc constantly maintained at 700V even
though load is suddenly changes from -7KW to 12\8.Khe
equivalent drive load variation is shown in fig.6.

5 X 1[]4 POWER DELIVERED TO DRIVE
Y T SR S SRR VR S
05— ————————————————————————————— ——————————————————————————————————————————— : +
(s AUU.UE 0.085 0.07 0.075 U.IUS 0.085 0.09 0.095 0.1
2 : : Time
Fig 7. Simulated results of load currents, source cusrand
I S R A PCC voltages by placing a 3phase unbalanced llnadr
1 i | i | | 800 ~
0 0.1 02 T?ﬁ-?e 04 0.5 06 700 ’L\/‘W
Fig 6. simulated results of power delivered by capadioy 0 e R
load I B i e A A Sy
Table-3
Time Ia Ib IC OD 0.1 0.2 03 0.4 0.5 0.6
(sec) | PEAK | %THD | PEAK| %THD| PEAK| %THD Time
0.04 | 14.19| 5.32 14.2 5.15 14.18 5.34 . . .
006 | 14.19| 528 1416 532 12417 542 Fig 8.Simulated results of voltage across capacitorl¢at).
0.08 | 26.83| 3.46 26.49 10.25 27.02 10.6 In Eia7 sh imulated | f load
0.1 | 26.88| 2.93 | 2692 2.86| 2699 3.03 n Igi S d°"‘|’jc é‘mulf‘te r‘ésu tf' ot loa s Ch””eme“rce
0.12 | 26.83| 2.88 | 26.84 3.07| 2683 2903 curensan voltages by placing a 3phase amtzd
0.14 | 26.63| 2.9 26.66 2.84 2665 29 linear load and in Fig.é/.dc is constantly maintained as in case
0.16 | 26.71| 3.03 26.671 3.02 26.61 2.97 I
0.18 | 26.44| 2.86 26.48 3.06 26.42 3.05

Caselll: Non Linear Load
RL load of R=700hm, L= 2mh with 3 bridge diode ket

Casell: Unbalanced Linear Load

Three phase unbalancé® load as shown in Table-1IV

LOAD CURRENTS
T T

10
Table-4
Parameters Numerical Numerical | Numeric
Values Values al
Values
THREE PHASE| 325 325 325
SUPPLY Vph(peak)| Vph(peak) | Vph(pea 0 i ‘
’ 50 HZ , 50 HZ k) 250 0.06 0.065 0.07 0.075 F‘CCWTAGI:ﬂDEE 0.09 0.095 01
Hz ) e T T W
ACTIVE 1000W 500W 400W P
::)NODVl\J/(E:_IR_IVE 4OVAR 5OOVAR SOOVAR 4“8,05 U,JGE U,IUT 0.075 U,‘CIB CI,U‘BS U,IUS 0.095 01
Time
REACTIVE
POWER Fig 9. Simulated results of load currents, source cusrant

PCC voltages by placing a nonlinear load
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At t=0.04s the source currents magnitude! Yrax =8.33 A and LOAD CURRENTS
THD = 9.3% and at t=0.18s the source currents nbag@iof I ] I

amax =8.53 A and THD = 8.51% nearly. Source current

magnitude and % THD have been shown in TABLE 5 006 0065 007 0075 006 0085 003  00% 01
SOURCE CURRENTS

0.06 0.065 007 0.075 0.08 0.085 0.09 0.095 01
PCC VOLTAGES

o i | i | s i
g 40 : : : : ' 2005 :

|
0.06 0.065

| | | |
0.07 0.075 0.08 0.085 0.09 0.095 01

Time

. ‘ : ‘ : : Fig 11.Simulated results of load currents, source currants
. i 1 i § i i PCC voltages by placing a unbalanced linear andimear load

0 01 02 03 04 05 06 07

At t=0.04s the source currents magnitudelé'f‘ax =10.81 A

Fig 10.Simulated results of voltage across capacitor|¢al and THD = 7.33% and at t=0.18s the source curreatgitude
Vv of amax =11.15 A and THD = 6.46% nearly. Source current
In Fig 10. " s constantly maintained as in case | and II. magnitude and %THD have been shown in TABLE VI. fEhe
is no variation in the results due to no DC Sidaiitzgjent
Table5 Drive load.
la Ib Ic , ‘ voe
Time : ‘ :
(sec) | PEAK | %THD | PEAK| %THD| PEAK| %THD
0.04 | 8.33 9.3 8.288 9.21 8.324 8.95
0.06 | 8.382| 8.88 8.36 8.8 8.445 8.68
0.08 | 8.492| 837 | 8442 849| 8524 8.3§ } : : : 3 5
0.1 | 8.538| 8.19 8.529 8.17 8.586 8.33 e S
012 | 8517| 838 | 8523 831| 8535 851 e S e S
0.14 | 8517| 83 8.544 855| 8516 8.41 ) U SO N S N S
0.16 | 8558 | 854 | 8513 8.29| 854 841 ; ; ; ; ;
0.18 | 8.532| 8.41 8.495 8.36 8.581 8.39 e o
UU 0.I1 0.‘2 0!3 0‘4 UIS 0.6
Case |V: Unbalanced Linear Load and Non Linear Time
L oad

Fig 12.Simulated results of voltage across capacitor| @
In this case we are combining the case Il and khse

V.. S .
In Fig 9 "% is constantly maintained as in case | ,Il and Il

Table-6

Time | la Ib Ic

(sec) | PEAK | %THD | PEAK| %THD| PEAK| %THD
0.04 | 10.81| 7.33 10.69 7.32 10.79 6.84
0.06 | 10.93| 6.89 10.73 6.79 1095 6.71
0.08 | 11.11| 6.79 10.83 6.48 11.09 6.56
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0.1 11.13| 6.47 10.87, 6.56 11.13 6.47
0.12 | 11.13| 6.61 10.94 6.34 11.09 6.5]
0.14 | 11.13| 6.79 10.8§ 6.67 11.14 6.55
0.16 | 11.13| 6.55 10.8§ 6.45 11.12 6.48
0.18 | 11.15| 6.46 10.84 6.64 11.14 6.69

CaseV: Unbalanced Linear Load, Non Linear Load
and DC Side Equivalent Drive load

LOAD CURRENTS
10 T T

| | |
011 012 013 014

004 0-55 U-I”E' ”-I”T %PJRCI%]!EHRREI\FTE

B o ______ ________ ""’"‘"""’"

| | |
004 005 006 007 008 009 01 0M 012 013 0M4
PCC VOLTAGES

20015
400

Time

Fig 13. Simulated results of load currents, source cusrant
PCC voltages by placing a unbalanced linear, nealitoad
and DC Side Equivalent Drive load

In this case we are combining case | and case I\that
beginning of operation, at t=0 there is no loaddeetihe source
current is zero, at t=0.01s the load is applietheoDC side as -
10 A of equivalent drive load which can treatedeggenerative
mode along with unbalanced linear and non linead lds
applied and from t=0.08s onwards load considerednfatoring
mode as 18 A load connected to the DC voltage. Eweangh
the load changes abruptly the source currentsnasmusoidal
with change of magnitude. During first interval twad is
applied, second interval regenerative load -10Agplied and

draws the source currents of peak vaIILfé‘aX =6.472A and
THD in an around 11.22%, third interval load is raotoring
mode of 18A, draws power from the source currengmitade

of amax =35.81A and at thd of 2.54% nearly. Source current

magnitude and %THD have been shown in TABLE Vlhefie
is variation in the current wave form due to DCeSkEhuivalent
Drive load as the DC Side Equivalent.

VOLTAGE ACROSS CAPACITOR
T T T

§ 0 e - —

0 IS B —— R — —
T S — R — —

% IR S S— . — —

0 0.1 0.2 0.3 04 05 06
Fig 14.Simulated results of voltage across capacitor|@

In Fig 14.Vd° is constantly maintained as in all cases. In this

case aIsoVdC is constantly maintained even though load
changes suddenly due to the usage of Pl contraildre Active
Front End converter.

% 10° POWER DELIVERED TO DRIVE
T T T

Fig 15.simulated results of power delivered by capadiboy

load

Table-7
Tim | la Ib Ic
e PEA | %TH | PEA | %TH | PEA | %TH
(sec) | K D K D K D
0.04 | 6.472| 11.22| 6.454 11.36 6.507 11.18
0.06 | 5.95 12.02| 5.889 12.19 5.959 12.]
0.08 | 35.81| 254 35.38 8 35,59 7.95
0.1 35.39| 2.53 3538 261 35.43 2.51
0.12 | 35.18| 2.64 35.2 2.63 35.39 2.63
0.14 | 35.21| 2.56 35.27 2.49 35.37 2.5
0.16 | 35.12| 2.57 35.24 2.47 35.26 2.62
0.18 | 35.04| 25 3498 242 35.14 255
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CONCLUSIONS

The proposed combined active front end convertérH)pand
shunt active filter (SAF) is able to compensatectiga power,
harmonic power and unbalanced power which are doted
by non linear and unbalanced linear load, at theesime
combined AFE and SAF is able to convert the thrieasp AC
to DC power without polluting the source curretmsthis paper
P-Q theory used as the control algorithm for thelsmed AFE
and SAF, hence this theory gives appreciable %THL} for
source currents for all load as consider in 5 caske whole
simulation has been carried out on the mat lab/ukik
environmental plot form which gives recommendablsutts.
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