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The Comparison Study of Harmonic Detection
Methods for Shunt Active Power Filters
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current source. There are three harmonic deteefipnoaches

Abstract—The paper deals with the comparison study ofn the paper that are synchronous reference fraBiF)

harmonic detection methods for a shunt active pofifer. The
%THD and the power factor value at the PCC pointeraf
compensation are considered for the comparisonreThee three
harmonic detection methods used in the paper treasynchronous
reference frame method, synchronous detection mdetral DQ axis
with Fourier method. In addition, the ideal curreource is used to
represent the active power filter by assuming afinitely fast
controller action of the active power filter. Themslation results
show that the DQ axis with Fourier method provitles minimum
%THD after compensation compared with other methélisvever,
the power factor value at the PCC point after camspgon is slightly
lower than that of synchronous detection method.

method [3], synchronous detection (SD) method §ld DQ
axis with Fourier (DQF) method [5]. The DQF algbnt has
been reported since 2007 [5] in which it confirnmsitt the
DQF method is the best approach compared with SRFS®
methods to achieve the minimum %THD of the sourgeent
after compensation. In this paper, the power faatdhe PCC
point after compensation is taken into account W&hHD for

the comparison between the DQF method and othendrac

detection methods.
The paper is structured as follows. The reviewsaymonic
detection method used in the paper are addresssztiion I1.

Keywords—Harmonic detection, shunt active power filter, DQP€rformance indexes for the comparison are destribe

axis with Fourier, power factor.

|. INTRODUCTION
POWER systems connected nonlinear loads can generate

section Ill. The simulation results of the harmoelitnination

with the various harmonic detection methods incigdi

discussion are presented in section IV. Finallygtisa V

gancludes the advantages and disadvantages of @€ D

harmonics into the systems. These harmonics calse aapproach to calculate the reference currents fer dttive

of disadvantages such as loss in transmission #indselectric
devices, protective device failures, and short-Blectronic
equipments in the system [1]. Therefore, it is viemgortant to
reduce or eliminate the harmonics in the systenis lvell
known that the harmonic elimination via an actiesvpr filter
(APF) [2] as shown in Fig.1. There are three mantgpfor
using the active power filter. The first is the rnanic
detection method to identify harmonic quantity le tsystem.
The second part is the active power filter struetamd the last
one is the control technique to control the injggtcurrent to
the power system.

The active power filter provides higher efficierenyd more
flexible compared with a passive power filter. lig.E, the
three-phase bridge rectifier feeding resistive @agacitive

loads (R=3.37 & and C=4.7 puF) behaves as a nonlinear load

into the power systems. An ideal current sourceised to
represent the active power filter by assuming dimitely fast
controller action of the active power filter. Thime, the
compensating currents from the active power féter equal to
the reference currents calculated from the harmdatection
methods. The aim of this paper is to present thapesison
study of the various harmonic detection methodk it ideal
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power filter.

Il. REVIEWS OFHARMONIC DETECTIONMETHODS

A.Synchronous Reference Frame (SRF)

The transformation from 3-axis to 2-axis is mainked for
the SRF method. There are five steps to calcutetedference
currents for a shunt active power filter using 8F method.

Step 1 Transform the three-phase load currefits, iLp,
i|_c) to a0 frame(i._a, iLﬂ, i|_0) by:

1 1]

l - - .
lLa \/72 2 ILa
. 2 3 3 .
i, (=42l 0 = g @)
) 3 2 2 || .
Io 1 1 1 Ie

J2 W2 2

Step 2:Transform thd, andiz to the dg-axis by:

L cos@t) sin(awt) || i, )
I —sin(wt) cos@t) || i, @
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Fig.1 Power system considered

when @ is the fundamental frequency of the system (rad/s)sed to separate the harmonic Componeﬁgs (_q) from the

The vector diagram for dg-transformation is depdteFig.2. L
d g o 9 dqg load currentsl( .1 ,) as shown in Fig.3.

q-\axis
\

ILd

. I I
I » HPF A i, HPF A;

a) HPF for d-axis b) Hf®F g-axis
Fig.3 Separation of harmonic components on dg-frame

Note that the idea for selecting the cutoff frequyeof the
HPF can be found if6].

Step 4: Transform the harmonic currents on dq-framEd(

i i) from Step 3 tayaframe (i, , i) by:
Fig.2 Vector diagram for dg-transformation of laadrents Ea |: COS@'[) —Sin(a)t)} 'izd
=~ = . =~ “4)
In Fig.2, theig and i q consists of two terms, the ILs sin(@t) cos@t) || i,

fundamental and harmonic terms. For harmonic terins,

means all harmonics are included behaving as an Afiep 5: Calculate the three-phase reference currents
component, while the fundamental terms behave &3Ca (i* i ) for a shunt active power filter (SAPF). These
component. The equations to explain these loagntion dg- ca’ch? cc P )

*

frame are: currents are then used as the input for SAPF tqpensate the
harmonic of the power system as shown in Fig.1. The
i PoLT purposed reference currents can be determined fitoen
LLd} =| (3)  harmonic currents oap-frame (i, , I, ;) from Step 4 and the
I, +1
Lq L L .
! ! zero current [ ;) from Step 1 by:
when i_,_d, i_Lq and iId , Eq are the DC components and AC 1 0 1
component of the load currents on dg-frame, resgedgt i;a fa V2 i,
Step 3: From Step 2, it is shown that the dq load currents leo | = 5 _E 7 ﬁ g ®)
consist of two terms. For this step, the high-gédies (HPF) is o 1 \E 1 iLO
L2 2 2]
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|La 3-phase | | o ap W dq axis iLah "| a0 frame %’
L ICIAEN i | i to Lo 1o —b
ILc af30frame o dq axis w af I Lo, 3-phase L

step 1 step 2 - step 3 -! step 4 step 5

Fig.4 SRF harmonic detection
The SRF harmoni i —v i i i
_ ic d_etectlon method can be reasonably p3¢ =V Ve + Ved 1o (8)
summarized as a block diagram as shown in Fig.4.

B.Synchronous Detection (SD)
There are four steps of the SD approach for a haiecno

Step 3:Calculate the three-phase source currents by:

detection as follows: . 2v,p,
Step 1: The assumption of SD method is that the source lsa = V2 ©)
currents (g lqls.) after compensation are balanced as oy >
given by: iy, = szpb (10)
Vsb
; i . 2V,
i, | sin(ot + ¢) o= —\;CZpC (11)
iy |=|1Sin(wt +¢—120) (6) se

'se | sinfet +¢+120) Step 4:Calculate the reference curreris, i, ,i..) for

the active power filters by:
wherelg is the amplitude of a source current (R),is the

fundamental system frequency (rad/s), ahdis the phase i*

angle of the source current (degree). lea =l ~lsa (12)
. lep =1ip —lgp (13)
Step 2:Calculate the three-phase reactive power as follow L )
lee = e —lse (14)
pa Vsa .
_ Py Vv From Step 1 to Step 4, the SD approach can be stimatda
Po |[= V_ sb (") as the block diagram as shown in Fig. 6.
tot
pC VSC

C.DQ axis with Fourier method (DQF
where Vg, Vs and Vs, are the amplitude of three-phase The harmonic detection via DQF method [5] is depetb
voltage sourceViq is the summation of the amplitude of threefrom the SRF method. This algorithm is a combinai the
phase voltage sourcé(,, =V, +V, +V,.), andPy is the advantages of the SRF method [3] and the slidingdav
fundamental component of the active power separfted " ourier analysis (SWFA) [7]. The DQF method can be

the harmonic components by using the low passrfits €XPlained as a block diagram in Fig.7 _
shown in Fig.5. In Fig. 7, it can be seen that the SWFA methodsised to

separate the harmonic currentsi~Ld(, iLq) from the

p P fundamental currentsi (. I There are five steps for DQF
3¢ LPF dc L(d ) Lq) p Q

method to calculate the reference currents foisthat active
power filter.

Fig.5 Separation of fundamental component

from harmonic components Step 1: Three phase harmonic currents are transformed to

the o0 frame by (1).
In Fig.5, the three-phase active powerB,() can be  step 2: Only the currents onx and g axes are then
calculated by: transformed to the synchronously rotating dq fraoye(2).
Note that the Step 1 and Step 2 of the DQF methmedfee
same as those of SRF method.
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equation (7)

Fig. 6 SD method

3-phase | dq axis = 0 frame T
I_Lb to !L/J’ > to ILﬂ - i to A'I "
ILC a0 frame |L0 af | Lo 3-phase | cc
step 1 step 4 step 5
Fig.7 DQF method
Step 3: The harmonic currents are separated from the - A)
; : iy (KT)=—2 (17)
fundamental current by using SWFA method. The &tep of Ld 2
SWFA technique considers the Euler-Fourier formuses A
given by: s q
ILq(kT) = 7 (18)

. A O .
I (kt)= 2 + hZ:;[A‘ CosQKT) + B, sinhakT)] (15) The A, and Ay, in (17) and (18) can be easily obtained

by:
whereA, A, andB;, are the coefficients of Fourier seriesis
the fundamental frequency (rad/B)is the harmonic orders (h NorN-1
=1 for fundamental componentl,is a sampling interval (s), Ay =—+ ZILd (nT) (19)
andk is a time index. It can be seen that the curren(tlb) n=N,
consists of DC component (fundamental current) No-+N—1
components (harmonic current). In Fig. 7, the SWhéthod < i
is used to determine the fundamental currents ofraige ( Abq * r;“ol La (nT) (20)

ILd,iLq). Therefore, the onlyA, coefficient in (15) is

calculated to achieve the fundamental componentsisiyg

In (16)-(18), N, is the starting point for computingN is
(16) with settinch equal to 0. (16)-(18). No 9p putind\

the total number of sampled points in one cycle lars the

No+N-1 time index. Ay, and Ay, for the first period can be calculated
A, =N+ ZIL(nT) cosihwT) (16) as given in (19) and (20), respectively so as toieae the
n=No initial value for the DQF algorithm. For the nexriod, these

values can be calculated by using (21) in which #pproach
As a result, the fundamental currents on dq fra'_m@, (‘Lq) called SWFA. The more details of SWFA can be foimf¥].

from the SWFA method can be calculated by:
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(21)

According to Fig. 7, the harmonic currents on dmfe (Ed

,iLq) can be calculated from the fundamental components

(from SWFA method) by using (22) and (23) as follow
iLd = iLd _iLd

(22)
(23)

g =g 7 lq

Step 4: Transform the harmonic currents on dq-frantli%.(

iLy) from Step 3 tayp-rame (i, , I, ;) by using (4).

S 1
Pl =—= > >
S J1+THD? -4/1+THD;
whereTHDy andTHD, are the total harmonic distortion of the
voltage and current at the PCC point, respectively.
The %THD and the power factor value explained in this
section will be used as the performance index foe t

comparison between three methods that are deschibfede
in Section II.

(27)

IV. SIMULATION RESULTS

The aim of this paper is to compare the differesrionic
detection methods. Therefore, the structure ofttive power
filter is not concerned. To achieve the perfect pensation,
the ideal current source is used as the active péilter for
the comparison study in this paper. This is becaheddeal
current source can perfectly compensate the haamumient.
Due to the active power filter behaving as the lidearent
source (perfectly injection), the compensating enis as

shown in Fig.1 {.,,iy,l,) are equal to the reference

ok
|

b lce) Under this assumption.

ca’

currents {

ca’

Step 5: Calculate the three-phase reference currentspggm Fig.1, the three-phase rectifier feeding tamafel RC

(ioariop, i) for @ shunt active power filter (SAPF). The
purposed reference currents can be determined fitoen
harmonic currents ongs-frame (i~La , iLﬁ, ) from Step 4 and the

zero current '(,_0) from Step 1 by using (5). The Step 4 an

Step 5 of the DQF method are the same as those $fef
method.

[ll.  PERFORMANCEINDEXES FOR THECOMPARISON OF
HARMONIC DETECTIONMETHOD

The performance indexes for the comparison of phiger

loads R = 3.37 I andC = 4.7 pF) behaves as a nonlinear
load to the power system. For the comparison, RE, SD,
and DQF methods are used as the harmonic detdsltick as
shown in Fig.1. The compensating currents direiciigct via

éhe ideal active power filter at= 0.04 s. All compensating

currents are determined from the reference curreaitsilated
from the three harmonic detection methods. Theltesfithe
compensated currents for phasesing the different harmonic
detection methods, here are SRF, SD, and DQF lastrdted
in Fig.8 to Fig.10, respectively. From Fig.8 to Bi@, it can be
seen that the source currei)(is equal to the load current
(iLa) before compensation time € 0.04 s.). In addition, in

are %THD of the source current after compensation and tfdg-10, the DQF method needs the time for calouathe

power factor f) at PCC point (source)®%THD can be
calculated by:

THD, =|l S,2 =
1 Vh=2

and power factor at PCC point can be determined by:

p

pf = P Pfuisp Plaist (25)

Pfaisp iN (25) is the displacement power factor calcwldig:

p
pfdisp =
S
wherep is the real power (W), is the apparent power at the
fundamental frequency (VA).

(26)

In addition, pfgs; in (25) is the distortion power factor
calculated by:

initial value during the first period € 0.04-0.06 s.). In Table
I, the %THD of uncompensated current is 71.01%s Mailue
is extremely greater than the IEEE std.519-1992 ttedpf
before compensation is equal to 0.77. Note thafpthealue
can be calculated fromfys, and pfys: by using (25). After
compensation, the source currents are nearly thesasidal
waveform. As a result, the %THD of the source quefter
compensation is decreased. However, it can be &eem
Fig.8 to Fig.10 that it is very difficult to compathe results
from the different harmonic detection techniquekergfore,
the source current waveforms after compensatiom fthe
different harmonic detection methods are used lmutze the
performance index as mentioned before in SectibnThe
comparison results are given in Table |. From thegarison
results, it can be summarized that the DQF methad c
provide the best result in terms of %THD (0.003%npared
with others. However, thepf value at PCC point after
compensation when we use the DQF methuafd=( 0.96) is
slightly less than the SD methogf(=1). In the future, the
authors will improve the DQF method to achieve thty
power factor at the PCC point, while the %THD after
compensation still be the best compared with okttzmonic
detection methods.
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Fig. 8 The results of the SRF method
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Fig. 9 The results of the SD method
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Fig.10 The results of the DQF method
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TABLE |
THE COMPARISON RESULTS OF THE VARIOUS HARMONIC DETE@N METHODS

Harmonlc %THD Power Factor
Detection .
Method (i) pfdisp Pl pf
Before Compensation
SRF
SD 71.01% 0.96 0.81 0.77
DQF
After Compensation
SRF 0.42% 0.96 1 0.96
SD 0.41% 1 1 1
DQF 0.003% 0.96 1 0.96

V.CONCLUSION

This paper presents the comparison study of thewsr
harmonic detection methods called SRF, SD and DQF
methods. The %THD and the power factor value atRGE
point are used as the performance indexes fordhwarison.
The ideal active power filter is used with the hanic
detection method for the comparison study. Thelteshow
that the DQF method provides the minimum %THD after
compensation compared with other methods. Howetver,
power factor value at the PCC point after compeéosais
slightly lower than that of the SD method. In theuie, the
authors will improve the DQF method to achieve thmty
power factor at the PCC point, while the %THD after
compensation still be the best compared with otfa@monic
detection methods.
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