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KONGPOL AREERAK : HARMONIC IDENTIFICATION FOR ACTIVE
POWER FILTERS. THESIS ADVISOR : PROF. SARAWUT SUJITJORN,

Ph.D. 162 PP.

HARMONIC IDENTIFICATION/HARMONIC ELIMINATION/ACTIVE POWER

FILTER

Harmonics in power systems and their elimination are important issues of
industry. Harmonics can be harmful to electrical devices, and cause malfunction to the
devices. This research aims to provide a novel method for harmonic identification,
which is named DQF. The harmonic identification is a very important step for
harmonic elimination using an active power filter. This thesis presents the simulation
results for the comparison purposes of the effectiveness of the harmonic identification
methods namely DQF, PQ, DQ, SD, and SWFA, respectively. The simulation results
indicate that the DQF method provides the most accurate identification, and leads to
the best performance of harmonic elimination. Furthermore, the method leads to a
balanced condition of the system after being compensated. The thesis also presents the
experimental results of the DQF method working incorporatively with an active power
filter of the type amplifier. The system under test carries a three-phase rectifier feeding
a resistor, and a series resistor-inductor, respectively. The experimental results are
highly satisfactory in that the current waveforms at the main source are nearly
sinusoidal, and the average %THD; after compensation is confined within the IEEE

Std. 519-1992. To sum up, the harmonic reduction is about 90%, and the compensated



system is under a balanced condition despite its slightly unbalanced condition before

compensation.
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519-1992, 1993) A1l

(3-6)

NPANNMITN (3-6)
s ~
I, Ao nyzuagigauesednlszneuaNNdyagIu
|
|

& 7 g
B NISLODITIDULDT

rms

& s ¢
o ﬂigllﬁﬂ1ilﬂhlﬂﬁﬂlﬂﬁﬂﬂﬂﬂ§$ﬂ’E'J‘]JlI”agTL!

1,rms

o ° { o s A ' I~
Taona 1) asgudesvuameriuasueiin wwszyuiasgiulaeldar THD iu

%

o £ = A o J a Y a Y o Y A
INMYUA PITWRWASIDIANYINVNIATIIUITITUDUN klﬂ’ﬂ‘ﬁﬂ'lﬂll?sluﬁjmﬂﬂ 3.8

o a ¢ a
3.5 uraenHag1sNeHN

v 4 [
gr1sueiininavuluszuy Irihsds dauluaifannTvaaitidnvay lifwsadu

v
aA

% 13 a 1 Y 1 a [ a dy 13
(non-linear  load) ¥4 Tviaa luflwFudumariine liinanszualianvuzdaden Tudugl

[ [

Fana land daudussau Iihnae v iuTnaavstidnyasdusd daana s Feeraunu

99 L1l g9
v

Taeasali 3.1

L1l



12

- >
|
V] t ;l t non-linear
@ load
t

4 a o a { [~ a 9)
319 3.1 manaasuelinnn Tnaah il udy

Traai hidludadu Aneldifaesueinluszuyliihids Teguarvsiliadioiu
4

Asne 111l
waen InWih (arc furnaces)

druluginrmasy llihngwuninlugadgmnssumsvasuyTany Taegldynia

9

£
=1

v v
nszuavodlvandszinniay lauilus18a11 (IEEE Std. 519-1992, 1993) 901148154010

[
a

a dy I 3 J A
PV UNIaIsueUANY

'
o 3 v A

o g Ao =T I
uﬂmﬂummumu uammuﬂum”lmﬂummumu IﬂﬂmWWS

b e

4

L] A o a o [ a o [ { J
281989815 WO UNOUALN 2 DIT1TVOUNOUALN 7 vz nuunIu Inaalsznnil
o
naoangoalT oL
4 A A a J 1 [ Y Ja a s &
gsupininannvasageasawsud diulnananniiaaianoannssind &9
1 Y a 4 a o o A < o w .
nalrinagTueinduaALUN 3 1Tud 1Ay (Srianthumrong, 2003)
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FIVAUYE VAR UUVTON (static VAR compensator)
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(IEEE Std. 519-1992, 1993)
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A15199 3.1 oM MUAYDINTLUAITNOTNAWNIATIIU IEEE Std. 519-1992

L/, I/1,, %- General distribution systems (120V-69kV) TDD
h<1l |11<h<17 |17<h<23 | 23<h<35 | h>35 | (%)
<20 4.0 2.0 1.5 0.6 0.3 5
20-50 7.0 3.5 2.5 1.0 0.5 8
50-100 10 4.5 4.0 1.5 0.7 12
100-1000 12 5.5 5.0 2.0 1.0 15
>1000 15 7.0 6.0 2.5 1.4 20

Above current distortion limits are for odd harmonics.

Even harmonics are limited to 25% of the odd harmonics limits.

For all power generation equipment, distortion limits are those with I /I, <20.
I is the maximum short circuit current at the point of common coupling “PCC”.

I, is the fundamental frequency 15- or 30- minute load current at PCC.

TDD is the total demand distortion (THD normalized by I,).
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A1519% 3.2 "i’l}E]ﬁWWL!WU’ENﬂigl,L’ﬁe"l'l?fiJ’fJﬁﬂGﬂiJiJW]ijlu IEC 61000-3-2

h 3 5 7 9 11 13 15-39

Max, I,, A 23 1.14 0.77 0.40 0.33 0.21 0.15—15/h

Equipment input current < 16 A per phase
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(ign(ap0)) AAUMTN (4-11) (Peng, Ott, Jr and Adams, 1998) 1IAAUANIH (4-10) HATENUNDY
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iah = iphot + iqha (4'14)
I = long T lans (4-15)
fon =T o +gno (4-16)
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ADUMTBALLSE 2835 | 2886 | 2835 | 2852 | 025 | 025 | 025 0

HAINITFALYE

75 PQ 0.47 0.83 0.94 077 | 027 | 027 | 027 0
7% DQ 0.67 1.01 1.07 093 | 027 | 027 | 027 0
7% SD 0.27 0.27 0.27 027 | 024 | 024 | 024 0
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7% DQF 0 0 0 0 024 | 024 | 0.4 0
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a 1 1 1w 4 1 o a A 1w
FHANITAWIWHENAIUTAT R, 1911171 0.6 Tory L, M1y 8 Hadtaus J,, 111y 0.0465

a =

Alaniuxwas’ B M1AU 0.004 HIAU x NAT x IWNATABYU taza1 K, 19101 0.55 HIdU
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7.7 %) auaal m‘lmmmwaiummm 0.75 93 1 3UIMN mumammwmuiumiwinmn
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189103UN 7.7 9) Tuvas AMEINTYABINTLUD TG, o - Ty comp. 1O gy comp, HANHUE
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Indifesgdganalaininiu fetie1aqg 1avina1 %THD, :1na151991 7.3 Taghia1 %THD,
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MATADUMIFAFHAUNITY 28.63 1osIFUA uamendImIvare dana' 183173 SWFA tag
o S o A Y A =< 1 9 o w P A Y aa Vo
DQF ansaszionanyaignsueiin laanga dedawaldmsiivaeisuein ldnadigamunu
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TagA1 %THD, agnaImMssaelianiiny 0 1esidua Tuvasinssziyenanyalaisuein
a 1 o w 4 a 1 { Y] [
A187% DQ tag SD dawalin1siiine1suetin iif1 %THD, IMAOWAINTFABOININD 1.12
S 3 4 d! s ~ Y a o ] 1
esiua Faliamnnga taznINNTUIHANIAB AU IUAN1IZFIAY 11azA1 %unbalance
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500 T T T T T T T T T

-500 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T T T T T T T
s SAWWWWAAWAMAAAAA
500 1 I I 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T T T T T T T
500 L L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T T T T T T T
Isu‘uncomp‘ 0 WWLFMWW\MNWUW\!W\AMAWWM
500 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T T T T T T T
Isv,uncomp. 0 MHWUWW}VVWWMWIVW
500 L L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T T T T T T T
Isw,uncomp. 0 WW!WM\WMM}
-500 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time(s)

500 T T T T
o -\/\/\/\/\/\/\/\/\/\/\/\/\]
500 1 1 1 1
0.75 08 0.85 09 0.95 1
500 T T T T
R :\/\/\/\/\/\/\/\/\/\/\/\/\
500 N 1 N 1
0.75 0.8 0.85 0.9 0.95 1
500 T T T T
e /\/\/\/\/\/\/\/\/\/\/\/\/
500 1 1 1 1
0.75 08 0.85 09 0.95 1
100 T T T T
Ysuuncomp. o MM
_100 1 1 1 1
0.75 08 0.85 09 0.95 1
100 T T T T
'sv.uncomp. o WMFLLM
_100 1 1 1 1
0.75 08 0.85 09 0.95 1
100 ; T T :
'swuncomp. 0 WW
_100 1 1 1 1
0.75 08 085 09 095 1

time(s)

W) usaeu llihuaznszua Iihduwasneside Idihwanneumsyase
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WennsaIHa luyaan 0.75 934 1 UM
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50 T T T T
s OANSAANAANAANAANAN AN AN NMANAMIANMA
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
oSN AN ANNANAANANANAMIANMA
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
o SINNAANAANAANHANUANANAANMIAMIAMAANMAANMIANS
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
'su,comp-om/\/\/\/\/\/\/\/\/\]
-100 L L L L
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
'sv,comp. \/\/\N\/\/\/\/\/\/\/\/\
100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
L NP U2 VAVAVAVAVAVAVZ
100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

50 T T T T
i 0 WWWWWN%\N\’W\M%M\MW%\N\%\N\M
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
o SINSAANAANANUAN AN ANAANAMIANAANMAANIMIANS
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
i JW\A/\/\/\/\/\/\/\/\J
su,comp. 0
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
lsv,comp. 0 :\/\/\/\/\/\/\/\/\/\/\/\/\
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
lsw,comp. 0 /\/\/\/\/\/\/\/\/\/\/\/\/
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

time(s)

° ¢ A q yax 9 ¢ & a
3) Waﬂ’]i’ﬂTﬁ@\‘IﬁﬂTUﬂTiﬂlLllf‘]slflﬂ‘ﬁ DQ GluﬂTii%ul@ﬂﬂﬂHma’]ﬁll@uﬂ

&3



50 T T T T
oy o WWWMWWWW\N\W\N\MMMM(\N\M
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
- o UANANAANAANANANAANAANANMAMIANMANMA
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
o 0 NW%WWMNM/\N\WMM/WMW
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
Ysucomp. 0 W\MN\/VV\/\/\/\]
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
R NN VeV aVAVAVAVAVAVA'
100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
lsw,comp. 0 /\/\/\/\/\/\/\/\/\/\/\/\/:
100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

50 T T T T
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
v o MANAANANANANANPANMANANAINANMANMA
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 . : : :
iow o WWWNM’MM\N\%\N\W\N\W\N‘
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
'sucomp. 0 k/\/\/\/\/\/\/\/\/\/\/\/\]
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
i \/\N\/\/\/\/\/\/\/\/\/\
sv,comp. O~
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
100 T T T T
Tow.comp.0 /\/\/\/\/\/\/\/\/\/\/\/\/
_100 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

time(s)

o ¢ A Ya o 4 4 a
R) WﬁﬂTﬁ%TaﬂﬂﬁﬂTuﬂTimm@%ﬂﬁ SWFA GluﬂTiiguL@ﬂﬂﬂBma"liiJﬂuﬂ
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-100
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100

-100

Yswcomp. o /\/\/\/\/\/\/\/\/\/\/\/\/:

0.75

o s A Yas o S & A
G]5) Nﬁﬂ'lii]'lﬁ’t’]\iﬁﬂ'luﬂ'lﬁmmﬂglﬂﬂ‘ﬁ DQF 1uﬂ1§§$umﬂaﬂymaﬁmun

A o w 4 a A = | =~
g‘]J“VI 7.7 Nﬁﬂﬁﬂmﬂ815Nﬂﬂﬂ!ﬂ@i$ﬂﬂh1ﬂﬁﬂlﬂu3\‘lﬂiliﬂﬂﬂi%uﬁﬁWmWﬁ

A lvaailunemes Ifhnszuanss

A ° 7 A I ~
AT NN 7.3 N’dﬂﬁmﬂ@ﬁﬁﬂﬂlﬂﬁmiuﬁﬂn%ﬂT‘l"iﬁﬂﬂl@ﬁigﬂﬂlﬂuﬁﬂﬂilﬁﬂﬁﬂﬁmtﬁﬁWm‘V‘lﬁ

M Tnaalunemes Ifhnszuans

IMIILY %THD, | %THD, | %THD, | %THD, | i, I, Iy, | unbalance
ndnuaiansueiin | au | wlav | wlaw | mds | @ms) | (ms) | (ms) %)
NOUMTVALTY 28.46 | 29.28 | 28.15 | 28.63 | 41.09 | 41.09 | 41.09 0
HAIMIBALTY
75 PQ 0.52 1.12 1.17 098 | 39.76 | 39.76 | 39.76 0
35 DQ 079 | 122 1.28 112 | 39.75 | 39.75 | 39.75 0
75 SD 0.60 1.27 1.33 1.12 | 39.00 | 39.00 | 39.00 0
7% SWFA 0 0 0 0 38.20 | 38.20 | 38.20 0
7% DQF 0 0 0 0 38.20 | 38.20 | 38.20 0
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500 T T T T T T T T T

-500 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T . T T T T .
-500 1 1 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T T T T T T T
-500 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
100 T T T T T T T T T
su,uncomp. 0 -\/VV\]\NV\AAMM/\AN\AAAN\AAMAMMMM/\M/W\/\/V\IV\NV\Q
-100 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
100 T T T T T T T T T
lsy,uncomp. o j\NWV\/\/\N\ANWVWVWVVVWV\ANVWVVVV\NWVV\/VWVU\P
-100 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
500 T T T . T T T T .
Isw,unCDmpO ‘r“'U’Ln‘ImWNWW’WWW'W
-500 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time(s)

500 T T T T
e -\/\/\/\/\/\/\/\/\/\/\/\/\]

500 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

500 T T T T
v e :\/\/\/\/\/\/\/\/\/\/\/\/\

500 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

500 : . : .
0 /\/\/\/\/\/\/\/\/\/\/\/\/

500 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

50 T T T T
su,uncomp. 0 Z/\/\/\/\/\/\/\/\/\_/\_/\/\]

50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

50 T T T T
'svancomp. o W\/\/\/\/\/\/\/\/\

50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

50 T T T T

50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

time(s)

W) usaeu llihuaznszua Iihduwasneside Idihwanneumsyase

d‘ a " = a =)
WennsaIHa luyaan 0.75 934 1 UM
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20 T T T T
o 0 :/\/\/\/\/\/\\M\/\\//\\/\/\J
20 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
20 T T T
v 0 .
20 I 1 1 f
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
= WMWY
50 I I I I
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
Isu‘comp. 0 ‘AM/\/\/\/\/\/\/\/\/\]
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
Ysv.comp. o ‘-'\,—/“'\,-/"\.—/"\.-/\/\/\/\/\/\/\/\/\
50 1 I 1 I
0.75 0.8 0.85 0.9 0.95 1
50 T T T T
Isw,comp. 0 'W/W\/\/\/\/\/\/:
50 1 1 1 1
0.75 0.8 0.85 0.9 0.95 1

20 T T T
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