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This thesis presents a hybrid parallel active filter which behaves as an inductor resulting in
series resonance with the connected passive filter to eliminate the harmonic currents in the power
system. A new current detection method is also proposed to solve the problem caused by the non-
ideal gain characteristic of the current sensor. Stability analysis is carried out, and a design method
based on small gain theorem is then given. Experimental results show that the harmonic currents can
be suppressed as desired, which confirms the effectiveness of the proposed hybrid active filter, and

that the required kVA of the hybrid active filter is much less than that of the load.
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Harmonic order Maximum permissible

N Harmonic current (A)

Odd harmonics
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& 1.14

7 0.77

9 0.40

11 0.33

13 0.21
15<n<39 0.1515/n

Even harmonics

2 1.08

4 0.43

6 0.30
&<n<40 0.23 8/n
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v
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4 I 3
FoWALITNIHNAT T oULaAUdY PDL  (Program  Development

v 9
Language) taziaad laszunsunani 1 ldaaansae 1

4.2.1 msmdnasuetnouduRen
worldind ugaiivg 1¥mssumessudnng so lulasiind uas Tsunsulu
m3usmsumoessdazldnamanualszaa 44 luTas3ui
e s e S R
A HYBRID PARALLEL ACTIVE FILTER USING RECUSIVE DFT
ELIMINATE 1 ORDER

LS o S A S R A SR AR S S RS S SR S A S S S S SR A S S R S SR S SR S S S S SR S S S S S SR S S SR A S S S S SR S S SR A S S

MODULE : ACTIVE FILTER

Initialize
Initialize all variables
Initialize all timers and enable timer interrupt
Loop here and wait for interrupt only
Switching Frequency Interupt Service Routine
Read source current and passive filter current and DC bus voltage (ig,,ig, »iy, iz V)
Input ig,ig, ,isipsV,. from built-in A/D
Convert to space vector 0.-B axis (i;gyis 1AL i\ gpi o p)
Calculate ig error (1+6)is
Calculate load current (/t&L a %}_ ﬂ)
Feedforward
Find equivalent inductance voltage
Convert[tia, é pto rotating d-q axis (i d,iq)
Moving average (i,,i,,)
Low-pass filter
Voltage calculation (V, Vq)
Feedback
Find equivalent inductance voltage

Convert iggisgto rotating d-q axis (ig,i,,)
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Moving average (ig,,i,,)
Calculate current error
Calculate PI controller
Voltage calculation (V,,V,,)
Calculate total equivalent inductance voltage
Vi =VitV,
V=V, V,
Convert to space vector o3 axis (Vg ¥ 3,,)
DC bus control
Find K, Gain
Read ¥, pass Low-pass filter
Calculate voltage error

Calculate P output (Kf Gain)

und.
Find fundamental component of passive filter current

Convert i g, gto rotating d-q axis

Low-pass filter (i,,,ip,,)
Calculate compensating voltage for DC bus control

Kfund. >X<iFdI and KfumL *inl

Convert to space vector 0.-B axis (Vg V.0
Calculate active filter voltage

Voo =Vaut Vaa

VB =VputVep

Convert to stationary u-v axis ( V, u*, VAfv*, VAﬁ:)
Generate PWM signal

Find zero voltage

Add zero voltage to active filter voltage

Calculate timing of switching pattern

Compensate deadtime

Return

END ACTIVE FILTER

EE R R R R R S R R R S R S R S R R S SR S S S SRR S R R SR R S R S SR R S R R R SR R S R S SR R S R S R S R S
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Interrupt Interrupt

50 ps

Read source current and passive filter current and DC bus voltage (13 Lis)
Find equivalent inductance voltage (18 us)

Calculate total equivalent inductance voltage (1 us)

IF I8l

Find K\ Gain (2 ps)

Find fundamental component of passive filter current (2 is)

Calculate compensating voltage for DC bus control (1 ps)

\
D

Calculate active filter voltage (2 s)

Generate PWM signal (5 us)

514 4.6 laozunsunavesrerldinsnstiminasueiln 1 Susy

4.2.2 M3MIAgISuBTN 2 OUAL

J

yorlding Iugatiazlynisumessaldnng 100 lulasiuni vaz Tsunsulu

Y
MIVTMIdUMesTUdaz ldnamanualszana 63 lulasiui
o L o S e T R R e R R L R R R o S o RS S R A T R S
A HYBRID PARALLEL ACTIVE FILTER USING RECUSIVE DFT
ELIMINATE 2 ORDER

L R R R R R R R S R R R R R R S R S S R R R R R R R S R R R SR R R S R S R S R S R R R R

MODULE : ACTIVE FILTER

Initialize
Initialize all variables
Initialize all timers and enable timer interrupt
Loop here and wait for interrupt only
Switching Frequency Interupt Service Routine
Read source current and passive filter current and DC bus voltage (ig,ig, si,»iz,s Vdc)

Input ig,ig, ,iy,ip,V,. from built-in A/D



Convert to space vector o.- axis (iswisﬂuaz ipwipﬂ)
Calculate i error (1+6)is
Calculate load current ([}La, [tkL B
Find 1" equivalent inductance voltage
Feedforward
Find equivalent inductance voltage
Convert/iia, f}ﬂ to rotating d’1-q’1 axis (i,,,, iq,l)
Moving average (i,.;, i,.,)
Low-pass filter
Voltage calculation (V,.,,, V,.)
Feedback
Find equivalent inductance voltage
Convert igg,iggto rotating d’1-q°1 axis (ig,,, i)
Moving average (i, i)
Calculate current error
Calculate PI controller
Voltage calculation (V,,.,, V,.,)

Calculate total equivalent inductance voltage

Vier = Vit Vs
Vier =Vt Vi

Convert to space vector o.-p axis (Vg ., V4,.,)
Find 2" equivalent inductance voltage
Feedforward
Find equivalent inductance voltage
Convert/tta, fz ptlo rotating d°2-q°2 axis (7,5, i,,)
Moving average (i,.,, iq,z)
Low-pass filter
Voltage calculation (V,,,, Vq,z)
Feedback
Find equivalent inductance voltage

Convert iggyisgto rotating d’2-q°2 axis (ig,.,, i)

49
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Moving average (ig,.,, i,.,)
Calculate current error
Calculate PI controller

Voltage calculation (V,,.,, V,,.,)

Calculate total equivalent inductance voltage

Viir = Vst Vi
Vi =Vt Vs

Convert to space vector o- axis (Vg ,, ¥3,.,)
DC bus control
Find K, Gain

Read ¥, pass Low-pass filter

Calculate voltage error

Calculate P output (Kf Gain)

und.
Find fundamental component of passive filter current

Convert i g, gto rotating d-q axis

Low-pass filter (i,,,ip,,)
Calculate compensating voltage for DC bus control

Kfund. >X<iFdI and KfumL >l<inI

Convert to space vector 0.-B axis (Vg V.0
Calculate active filter voltage

Voo =Vawrt Vet Vaa

Ve =Vgoit V. tVip

Convert to stationary u-v axis ( V, u*, VAfv*, VAﬁ:)
Generate PWM signal

Find zero voltage

Add zero voltage to active filter voltage

Calculate timing of switching pattern

Compensate deadtime

Return

END ACTIVE FILTER

EE R R R R R S R R T R R R S R R S SR S S S SRR S R R R R R S R SR R R R SR S SR S L S R O S R S R S R
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Read source current and passive filter current and DC bus voltage (13 Lis)
Find 1" Find equivalent inductance voltage (19 is)
Find 2" Find equivalent inductance voltage (19 Ls)

Find K\ Gain (2 ps)

Find fundamental component of passive filter current (2 is)

7

| Calculate compensating voltage for DC bus control (1 Ls)

% Calculate active filter voltage (2 ps)

Generate PWM signal (5 LLs)
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Mo NALIT lyga PDL 3ZMiUINN1A0IMIidaasuainiiufiie g
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AIuAUINNTIANTloUAGU(equivalent inductance voltage) YN 1ususURdRINIAITA 1A

£ g

Y v o o A 1 ' o J a v o A
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EQUIVALENT INDUCTANCE VOLTAGE

LR R R S S S S R A S R A SR A S SR R R S S S SR R S SR S R R S SR S S S SR SR R S S A S R S T R S S S S S R S

MODULE : equivalent inductance voltage

Feedforward
Find equivalent inductance voltage
A A . s s c e
Convert, g, i, gto rotating d’h-q’h axis (i, i,,)

Moving average (i, lq,h)
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Low-pass filter

Voltage calculation (V,,,, V)
Feedback
Find equivalent inductance voltage

Convert igg,isgto rotating d’h-q’h axis (ig,,,, i)

Moving average (ig,, i,

Calculate current error

Calculate PI controller

Voltage calculation (V,,,,, qu,h)
Calculate total equivalent inductance voltage

Varr= Vet Vipa

View= Vot Vi

Convert to space vector 0.-3 axis (Vg V,4)

END equivalent inductance voltage
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§ [ [ 4 a y [
Tagh h Ao SUAVYDIZSUDINNADINITATIVIY

i e

< 19 ps >

. Find equivalent inductance voltage in feedforward part(7 Ls)

l:] Find equivalent inductance voltage in feedback part(11 ps)

Calculate total equivalent inductance voltage (1 Us)
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Spectrum of load current at phase u
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Spectrum of source current
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Spectrum of source current
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Spectrum of source current
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Spectrum of source current

6700
6L0°0 ]
£00°0
HIO [

gc0'0]

qro°0]
o[
$00°0
Sy o[
1€0°0
¢20°0
gso°0 i
4€0°0

00°0

tov'0

10°0
$410[

9410

sevd|

0
o

T
I
o

—

andwy

0.5

11 12 13 14 15 16 17 18 19 20

10
order

Spectrum of passive filter current

£EL”

I

¥

200
100

000

#L00]]

100
000
200
00l
£00°0

1o

$10°0

10°0

€0°0]

S07°0 [l

¢

00°0

900l
10l

00

33 4|

[

I I
N o =
—

anduy

0.5 7

12 13 14 15 16 17 18 19 20

10
order

Spectrum of load current

O

1

9L0°0
cz1o]
£€00°0
o
SS0°0|
LT0°0
6L0°0]
6v1°0]
900°0
€0
LY0°0
170°0
16070
szof

610°0

(4l

SLOO
vL00]

RZ1°0]

11 12 13 14 15 16 17 18 19 20

10
order

SAR19A

i Avlvnuuuy ey

FINVTNIDLLDN

vuaveaszunlunsainl

519 5.16 anlpasuveans

U

]
I=}

gFUOUNANIZOUAVN 7

@

a

J



79

CH1=50mY
DC 101

CH2=50mY
DC 11

CH4=50mY .  EBmsidiv
DC 11 © (Bmsidiv)
3 NORM:200kS /s

(M) gﬂﬂﬁuﬂmmmmizw (5A/div)

"CH1=5V
DC 11

CHZ=100mY:
DC 11

2msydiv
C o (2msidiv)
HORM:E00KS /5

() JUAAULTIAUMTT (S0V/div) LazHTIAUTIV09995NT0NTIN (50V/div)

A A [ Adq Y = a o w
sUN 5.17 iﬂﬂauﬂi%tl’mmzu‘i\iﬂuiuﬂi’m“I/ﬂﬂfi]Q%iﬂi@ﬂtl@ﬂﬂV‘IﬂluW‘ulmUﬂﬂUﬁﬂﬂWﬂ

U U

S UDUARMIZEUAUN 11



80

Spectrum of source current
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Spectrum of source current
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Spectrum of source current

69¢

Ly0°0[]
£90°0]
$00°0
zero
€00
7200
9v0°0 ]
690°0 ]
L£00°0
S€0°0]
LT00]
100
SO0l
6€0°0
100
8€0°0
6100
10 O]
ST0[

el

O

anduy

0.5

112 13 14 15 16 17 18 19 20

10
order

Spectrum of passive filter current

SITTT

200
€00

000

890°0 ]

100
100
200

€00

00°0

8veD [

10°0
200

€00

€07°0 [l

€100

94

LL00 ]

rof

200

4944l

«© 0
N

I
1
S =

—

dpdury

0.5 7

11 12 13 14 15 16 17 18 19 20

10
order

Spectrum of load current

6L8'¢

gTT 1|

€L0°0]]
2010
8000
£0T0 ]
00|
Z€0°0
vL0°0]]
€010l
1100
SLE0
00
€500
L80°0 ]
6vC 0[]

£20°0

5L00
56070 ]

LTlof]

11 12 13 14 15 16 17 18 19 20

10
order

5AR199

i Avinunuyley

FINVTNIDILDN

suaveaszuulunsainl

519 5.24 anlpasyveans

U

]
=

FITUOUNANIZOUAUN 5, 7 uag 11

a

J



87

"CH1=50mV .
DC 101

CHZ=50mY -
DC 111

CHA=50mY @ 5Sms/div
DG 11 © o [Bmsidiv)
' NORM 2I]I]k5fs

(M) gUadunsZUdUDIs

¢ (SA/div)

CH1=5¥
DC 111

CHZ=200mY:
DC 11

5ms/div
C(Emsidiv)
NORM 2I]l]k5 /s

(le) iﬂﬂ’dulliﬂﬂuﬂ1ﬁd (200V/div) HAZUTIAUDTIVDINDTNTBILONTN (100V/div)

i‘ﬂ 5.25 i‘ﬂﬂauﬂi !,Lﬁ!,!,ﬁuLlifiﬂualuﬂ‘iil!‘ﬂsl"]i?]ﬁ]iﬂ‘iENLLE]ﬂVI“V\hJHWHLL"U‘]JUlEI‘]Jiﬂfﬂi]ﬂ

QU

U

SueiinmINZS s 5. 7, 11 tay 13



88
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