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Abstract

In this study, a novel reactive power control scheme is proposed to supply stable reactive power to the

distribution line by compensating a ripple voltage of DC link. In a single-phase system, a magnitude of second

harmonic is inevitably generated in the DC link voltage, and this phenomenon is further increased when the

capacity of DC link capacitor decreases. Reactive power control was performed by controlling the d-axis
current in the virtual synchronous reference frame, and the voltage control for maintaining the DC link voltage
was implemented through the g-axis current control. The proposed method for compensating the ripple voltage
was classified into three parts, which consist of the extraction unit of DC link voltage, high pass filter (HPF),
and time delay unit. HPF removes an offset component of DC link voltage extracted from integral, and a time

delay unit compensates the phase leading effect due to the HPF. The compensated DC voltage is used as
feedback component of voltage control loop to supply stable reactive power. The performance of the proposed
algorithm was verified through simulation and experiments. At DC link capacitance of 375 uF, the magnitude of

ripple voltage decreased to 8 Vpp from 74 Vpp in the voltage control loop, and the total harmonic distortion of

the current was improved.

Key words: Reactive power, DC link voltage, Distribution line, Ripple voltage, 2nd harmonic

13
e s

A gtk el Qs WGTok 2 APAAE UA
of thak Aol Wakatn Qov FpslH o A
Fo BN AAYAUA o] Frhaki FAlol
o AAdE AT Raw AudHs 23F 4

Paper number: TKPE-2020-25-2-1
Print ISSN: 1229-2214  Online ISSN: 2288-6281

T Corresponding author: hjcha@cnu.ackr, Dept. of Electrical
Engineering, Chungnam National University
Tel: +82-42-821-7006 Fax: +82-42-821-83%

'Dept. of Electrical Engineering, Chungnam National
University

2 Hex Power System

Manuscript received Oct. 1, 2019; revised Oct. 24, 2019;
accepted Dec. 23, 2019
— 2 =22 20194 MK EsHs PreEy TAEEY

SEoE QI3 FHl ZlolA Mgt Ak AR AT
AR H ol A/}AE EAbAde] AAVE S71g
o wet o 2R{e sFoRE i Ay A5 Aol
F7t= dAsta glon, o= Qlate] AYAlE HLF
As oMgsete d ogee An g AgAE
ALEZ MAE A UHE F AYAZ Fadd
2 AgxAe] 7hee FEadY HAAS S wjHAR
Aol ot B AF7F M Qo thket
FACTS(Flexible AC Transmission Systems) AH]7}

telA AT vk FEAE BAAS e Al2E
© 2 SVC(C(static var compensator)?t STATCOM(static
synchronous compensator) A& WHEZ AA =
a&o ALAS FadE RS Fi BA Ads A
ojgttt w3k ol& Fote] AEIAE P Y s
oA T 9d&& s "k SVCe 7HH gl AE e 7}
H O AAIEE WERE FAS RolgxEet AAH
TFEA 1AY AERG Addjolm | oj&Fslel 7HA
Aol ol STATCOMES o2 B 4 not w

“
HEAS 22 5 ole 240 Ao, A%

M 2
O

olo



74

~ T
M.ﬂﬂﬂr_]/LMo7
T AR m_%a_o S
" n 8 Jlﬂa.ﬂ
)JILX = qE -
FAE uTﬂa]%ﬂuTﬂm -
1;0%2%1%:;%oﬂxiz.ﬁ
#Mﬂﬂb?wﬁutwuauﬂbq.olﬂmu_uc,ﬁaﬂﬂo_aogo_uﬁ.\_
\JII.A ) ]110_/ o J o I__IJ| ©
ﬂ%nﬂM@Aywz%wa@;%Hwﬁﬁy
~ N Nl p— IJIL .
No B T J o Mo = = %ﬂL,xml ~ o %
dqzvﬂw o &]Eﬂﬂoaniiﬂl&aﬂoﬁ@ c_zr.ﬂ;vmm7.1muq
.Emwﬂﬂﬂ% Q;woWw}ﬁmﬂ?ﬂhiﬂhd&wwzﬁ%
S REN ﬂ1r. Xk oy = o = ﬂﬂlﬁﬂmﬂ]ﬂ. C N )
T éz%%%aﬂaﬂ uTM1wwvafﬂwmuﬂﬂ%%ﬂﬂoﬁ@ﬂ%Heaww
= < o = lﬂ\ﬂn 3 - 0 . — e
: I3 NS FOY Wﬂ@ﬂaﬁgm ﬁHH%Qﬂqgaqﬂé
ﬂ 2 G 0 R % 3 CLIGN %o = drnwﬁurﬁmo#ﬂﬂmﬂ@r:im%ijﬂhq
3 c B o TD,ﬂlﬂLx i%ﬂé%r%x L%ﬂ%o RO gmuﬂﬂﬂ
NG o T W o K1 L%uaﬂzq%aaﬂiﬂ%moﬂtn;%%é
1ok LN ;ﬁwﬁow1%%ﬂﬂﬂaﬂg%@@%@ﬂd
= .._1_:0 4 = =) uAlo ﬂAlJIﬂAIOEJIL,ﬁi ) nm]JvO_ . = .
2 Wmo =0 Moﬁoc%iﬂa W_ExLCmaxE%CH 7x%1q__ﬂﬂ ﬁ%%vavmm
=R <) T T BB o P2 %ﬂﬂ%mﬂz_u%dﬁﬂo%%x $8
g ﬂudm H ﬂ.:riduogm%mﬂ ..au_._mrLdniﬁC% .mcﬂﬂﬂdrme %JMOIDQZ
— = il r 0 Hp B =5 nE __Mn_ (R D%dln%ﬂ.olha@lmc J_H,WL B B bm_b W o
5 ® T 7 H X .ﬂﬂﬂﬂﬁ _u_.%%aumi:w%y%oﬂﬂmmmm%ﬂr% o
] K. = ° oo — —_— = ! To o= z\,lA —
i Ho o R a%mwmm@% amﬂxgﬂMWﬂE@qogﬂaa -
2 N2 oF ﬁ%zigzwﬂ ﬂ%%ﬂ@ﬂ%gﬂ&w@% ,%ﬂ%%w
) 7o . lod e | 7 ® ) ogn L % ]mlimu\]
8 ¥ <% ) JI.]E]io .:Ali‘.r u N o LHOT_7L|X B\ ~]
I TN ok 1Exl1.w = oA % o & i
S 71__%5011] N T o1 = %o = _
mH W Mo%mowﬂoﬂmoeﬂ ZEQQE }ma%uﬂ% Wuxu%%z%ﬂaﬂ%ﬂ
g = T o [ RY s e oF &% o N iﬂﬂl% B o
= I S ey anﬁﬁ b oo %#Heri% d.;o]ﬂﬂ R T
gl — ,Iﬂ T o‘|Jl<o 0 - mﬂﬁl E D_ X
° Eiou laL]x 70 = ja_w_mAxL wx]utx o T @) = X
& ™ B DT T Mo T Ao\moL Fxa . Hp %0 _ ﬁiﬂD =5
= L o R %dﬂ%ﬂw%#%ﬂ%ﬂomﬂ WVW__@ﬂ _nauxmw
NES) ) o0 W i oT.,m%JIH‘E HUMLILIUHHL,DI o © o) OF X
) Tk "ol 5 - o of Eu@ﬁ} T = "oy :a‘EnTEL %C
2w ﬂn%milrﬂmﬂhﬂmﬁo%iELLJEQLﬂ%dEMow__/lﬂ/lﬁom»wa oﬁmouTﬂuiucszD
= ﬂ;an_hmﬂ;oyu G ﬁaoﬂi o T Ao K 3 H i ;omwl
H%%%:Wﬂ%@%%%@Céoﬂﬂu%&?ﬂﬂ%%ﬂﬂ ﬂoﬁd.%ﬂm_ﬁwzmo
= = K . T foal T 4 —_ 0 = m ol < I i)
5 = = o Ju,___o] Dﬂﬂx . mﬂ;o —_ = o dé = o;ﬂ
qw E%ﬂw.mwamm&mﬁmmiuxﬂmumhwuwwﬂi.ﬁrw.mw%mwww” @Mﬂﬂ%j%@mn
=] A, A ) ! b~ ~ 5 - ) < M ! )
¥ . my;tﬁﬂﬂmqe%ﬂﬁﬂﬁotw&wWﬁtﬂﬂwu c%Wxﬂ@ﬁ%%
el —_— e . —_ —_ Tl
- 2 ww@Wﬂyﬁﬁﬂ@mmx;mmiwmwiaqzﬂ%@ Jﬂ%%ﬁuydg
s HO T N Aﬂﬁﬁ N olr " o ! o] X Jle,quﬂro 70 —_ Qvivl =3 .umooa_w&u
9_—. 5] 8 mHaﬁ o e T o ,Lui onmuo XY ) N 40x&. iy o o
= — — rots . olp W,HJIH% i T o D Ry E W
= g aﬂmpﬁaw#ﬂgz@;H@g%@ﬁﬁ%ﬂ.@Jvﬂ@f%%d@ﬂ%yy
< =" ; ~ g o Ly 1r1rH_Jl T B f 1_I,mm s ! ,L.OU,
- g @ 1 o E o B oo o | 1 % P w2 ) N 2T I T T <
M = ,nToﬂﬂu ‘mﬂodﬂ LmOmMo‘_ o &oﬂ.ﬂﬂﬂloﬁ L.OOMO]X]E g
5 | 5 B Gt r o B0 2 o WS = qﬁQ1% = g
W el ﬂﬂuwo%ﬁufemﬁxMMWW%@dmummu;oﬁwn_ﬂwﬂ%zww%o%ﬁm&ﬂ%ﬂmﬁo
|.m T T < "o > = ° ~ o X B ==
5 ;omﬂz_lq,A XOEWB] ;] ﬂAleH_T_ ‘l_,_AIZ\IMVrLX = oed [
CrEe R 2 TN = R & 2
2 . L w_l7oL7Mmﬂlmmﬁoxumpeufmwxﬂq1ﬁo€ﬂleMur,lﬁvlﬂluﬂ_ﬂL‘_7xx]ilm_uunTI%
- 25 2 7.1&@&; T X émtoomowrﬂ%%%%ﬂ%nﬂr%?ﬂﬂwﬁd
—e— N 58 Mﬂ%%%ﬁ%%ﬂﬂ%ﬂlﬂ %ﬁ%%y&%ﬂ&%ﬁx
~ SE S NE Mizyu Hz_xtﬁmw il M el g
D= 3 ot 3 %JKLllho ﬁoHELIMﬂ =
i g= oEJa UHA]ﬂmL Hﬂl] < o J Pl R
: ﬁﬁxﬂgw@mm%%quﬂna
= Xy m|m»1Eloa J o = Hl 0
&TLMkapﬁwga4ﬂnaﬂwm;ﬂ
= £5 Cm uTJx:LPrNﬁﬂmUrLtDl
8 U g - o T W
O Qs @5 2
Ir mc
+
g
>



75

After compensation

& Before
il Compensation

7
Ve comp

KTs

i

S

The Transactions of the Korean Institute of Power Electronics, Vol. 25, No. 2, April 2020

= B! 35 ol o S 8 e I e I Bl ol e S i
5 ﬂ%wfﬂ_o OF Xy W B R %u..% Eﬂi
5 ) A T U do B3 2m RN
= N o T O Mo g
g Mgw_ﬁ% " m%ﬁﬂa%ﬂﬁﬂne_bwﬂﬂﬂ
i) + ~~ ~ 1k
2 ﬂlﬁﬁli o o at @Vﬁ%%ﬂﬂﬂx%@%%%
- LA AV = NELOFWEET RT3
2 NI o A L PRAW OB T b g W,
2 g mM7fnu” 3 3 o EC%%D%%%&»&E@_EM
2 V]orMmU«o» $§ < I h %D@%%ﬂa.i%%%Tov %
= 53 Q " —~ 4 —
o BT oo <& AR TS 5 O3 W O REREAORR b _gwmgd
T Ry @ dT oy ~ + s o M w Ay
a A — O_ ru he] ‘I_|I
F S5 ﬂxoxé.av - V_2 ~ © az_.q,Ao,urLVn,7ﬂrL_.ﬂoMﬂ1ﬂIxL =3
R OREAYS 3 oiY L o m Tatieie . TrInEs
) S 8 > o .90 =) o= T
23 ﬂ%_ m.%ﬁo & <8 H.g BN > R ﬁﬂ&ﬁiuﬂmo_.wuioovio
= WL | | =M ol S Sl -
=8 ) S e I o . . e el oT] o = 2K
n‘% D_&E X m Ao - N f ™ ~o NE mﬂmmL T 9% ] o jo —_— o T
g5 m_zfau,muT ~ —| Eﬁﬁdr% o mejaﬂv

E g S Eg T I T = !

o o jn Ry _OJ._ID‘O \HLH L ‘@IJIL

: : E8 Paofd 3 N BR Fhg Ty WM R

- ) ij= S Te) iy X o % kO o] &
v ° on :L ,HA_I = S Et OE % OE g O# Zﬁ — & _ZT|
& = 3 TSRS = ok W S auﬂﬂﬁmu&ﬁﬂﬁ@@ﬂﬂﬁ mr.aﬁq
g8 *e 1 $R°%% = O g ~ =5~ B R
. £ E A% T TERCPRN BN RN
= g ﬁ BETRLTBR OCHPLH e T o< &0 W
+ 3 g oy . AR o, M= %0 . %o o
- g o K BoZne T wd Tl T

o X 3 o l —

o g HHEEE R R IR R g = T
> & S ﬂﬂmu A= ~ -1 B O & WE mo X = 7x;oﬂl:.L
M. ﬁ - > SR ia|® gl oy Wwﬂﬂ.ﬁDy M.o = 2) deﬂ‘ﬂwwﬂo_e a1 awﬂ O_E &o Nro O#

S o ] o o~ ToH it f o N o =

= jiﬂ 7}]‘._;|wﬂ‘wr1_zi00 _OHT_ J' 3 JlOO‘AIuﬂHﬂ

2 il 3 A 2 = W ~ S X —~
- .z =T RS TERMLL TS Tl gl

g = &) 220 H %.;?]]1%@&7 EM .ATmlﬂoatu
- ep S 3 ey n_____zTn_mo 7ohﬂ<\l/xﬂ|£e 7MﬂﬂHMLE_|Jd .

g 15 2l gl = 9l = ]M |dﬂ1lﬂnw‘m|um'1_(\ciﬂ&eﬁtO»zTPﬂAoqﬂx,Dl

5 e 3t e I e B T Sl B o o I Sl o e
o  E 2 ZE 7 Bl FTE - N i
) - . T - / o !

m aE 55 IulptElLLREEIzTAaRc.

L5 e W o mﬂ% mﬂﬂﬁ%éﬂmamﬂaﬂwPDvﬂﬁ,ﬁmmlmE_.w.m%ﬁmﬁ

& S 7 Q = X e — [ 3 ol o : ;

& s 20 o8 |flglgl Tr FITA gV inwe RRTTaTRY

3 = = N w@mrm@% @ﬂ]ﬂ mﬁﬂLo_eDHE_E gﬂoﬂc,ﬂwuﬁﬁﬂlmﬂﬂﬂz I

2 S5l 8 =3 =) — ) W T % N

+ P F e ESIE2|SE|E| (& pRRBaTEIwwOGC e Talwn
-5 g 5 g .%L.ﬂ.dﬁ S ...o%mxﬂmagejlnmo Moo o oj) =< om T n S
1% = = SIRIEIT|E|EIE K N WX MR L dE R oy o
I~y mu O m O GG Ot s.L _x_ﬁS\F)HLWArO S B O)EﬂL Oxﬂ aPDv,m.\_ ﬂArO

-— ~ 2l |R T TR HTITRET 4 w2 e
o i 2 T oo T B T oERod N Y T e R RN H

= £ T Mo TRHRAFTTITTR B INT T




76 WAdEg S FadE Bd7)e] FadEael

TR Previ e

Before H
Compensation . After compensation

P &\ Power converter

/)

(NPT [ W ] Lo |

3579 2010
Sadad

Ch.1 Tqe (L0A/iv) C1i2 T, . (104/div) Ch3Vde_feedback (15V/div)

Fig. 9. Experimental result of voltage feedback with and
without the mitigation method.

Togprevu

Before

Compensation | After compensation

Fig. 6. Single-phase inverter experiment equipment
configuration.

preva 2 P YO Y, L. YR W WARON VUYL SPSERY . JOON 4 ¥
L N VT T A

™ GoA @ - v (75 s

B

Ch.1 L (25A/div) Ch.2 Iy, (10A/div) Ch.3 Ly, ref(10A/div)

Fig. 10. Experimental result of the grid current with and
without mitigation method.

| 4. A 2
I R Esor "j;;z‘al_][ [ v
Ch.1 X, (50A/div) Ch.2 ¥, (250V/div) e Aotdl FagAd Ao FagAdE AoE Y3k o
Fig. 7. Phase lag grid current waveform. A ol e AdAH] AL ¥ 63 Zuh AlEY o)A

I 4 drHE A8t APstdion, AEdol

Tek vy

a3 7 PCC Ao Hgte
ol A%del +bkVAR FEA

fi
2
B
o =
e
ol
)
HiL)
=
o
N

&

C ;‘{jotl—, Iqey Iqe_ref /é].ﬁé j’]'s:]o q— E—
HOo
H=

! D 2] }

T ST AsE F9e W 249 DC A AF navge o

Ch.1 I, (50AAliv) Ch.2 V, (250V/div) %—5‘}93\9.[4, %;ﬁ% DC ;ﬁc}:ﬂ]—% 500\]; ;ﬂ%l— xﬂo]_qi

Fig. 8. Phase lead grid current waveform. gJovt RaAdd AEo7 o 2u%y AELS &R

oh S=u A5e DC HA AS PEe mATEE A

Fgozm Aduel mushs A% BT F du §37] A 348 DC AY IBS UV,eln F49

Lot L™ 549 DC A9 2% 24718 %ol @ DC A} 2% wAVEe A8 Fol 8,2 9% A

Fo| 2P & & Yk FEAY Ao BRF o] FIE AL HFANYOH, L Lo 0152 °
R AR B3I dF ARANE B L e o U mdske A gstan

Low® 032 oldlol A4z Edshs 22 318 19 108 348 DC A% 2% 2471y 48 4%

T AoH, Left L= 54% DC At 2 BV o W& ATAF, L L 23 FFolth B NS E

S Be) 9B 2 AT AT F Ak F9e W 249 DC A% IF wATEe At



The Transactions of the Korean Institute of Power Electronics, Vol. 25, No. 2, April 2020 77

Th @ 7o TOORES ® 7 35V
L —% 3T l o J[100ES ][

(@37,
20:56:0-

2

Ch.1 1, (25A/div) Ch.2 V, (250Vidiv)

Fig. 11. Step Response Characteristics Experiment from
+bkVar to -bkVar.

o, Z4% DC At & B e gEAT &
doz Qdl B A AFHF 9 THDEU HA &
AEHF 8] THD7F @35 AL [ Lieers 0163 ©
el b HEE Edste 2S gl

+bkVaroll A —bkVarz W73}
g A7) wE AFTARV), A%
(e}

—

A1) A% sgeltk SkVar 4 W AFHR{I)o 9
ol ARl 54E& ZtaL 9o, SkVar= WA Al
TAFAH7F 8ol AN SAE Zton] waA Ay
FHE Edehe AS #@lsih A HE 006
oz FFoto] A AHdl =Eete s Flsto]

a9 12+ FEd9Ys -bkVardlA +bkVar® W75t
As wWe FaHY Aoyl wE ASHANNV,, A%
Ay 43 d&olty. SkVar 4 W AFdFI,)9
ol el 54e o glem, SkVarz WA A
AEAFA)7E 7ol A 545 zton w=A ¢
4 Az Eddhs As gelsiddu A dH= 006

wgse A8 g3

i
M
flo

X,
=
(o]
N
oL
o
.o o,
e,
)
@)

z2
o
A
il
o,
Hr

f
ox
ol
o)

Bl

ol

[

e
[o

ok

2

O

et}

ol
-
X2

P
of
ol
N

o 2o e

=
[ =

N2 o ox BN oox TTooE

1
[ fol
2o
i
2
2
o
ook 2o M B orle RO2 Ho &

U]
oy
rO

ot &

My 1o
— L
e, 31 o
e 2
2o
A
=
o &
:?L_“
)
'@

3

o (o,
[N}

I L e

e
)
o
fitl
ik
o
EL
H
o,

(

RO

olo
o

-

o

e

_0|L

s
oo =

ol
Hu
o M
i)
N >
-~
% 1o,

¥ ol
o
e
ful
-z
ol
2
Ei
2
o r

[oN

o 1
-l
@
o
i
2
2
o

r>~1 :10
B
[0
o
N

2
L

=2

E
O
™

Mo m o 2 = 2
% 2 o
‘:ﬂ,“ i
==
offt
:In:i'_',

4
ol

) ol o

Q i

2

o2

o,

o

>

o

M

to
s}
)
e
e
ox

N
N
oh
rir
=

Hi

Ho
or @©
& =

pass filter)7-¢} HPF ¢4 5402 s LA
st 54 BAs] A AdEFTE A,

/ &
N \
o y
7

s /
\ \ \\ ”‘J
NVANY

S o )T

[Eee. ) @« v

2008 2010
21:04:43 |

Ch.1 I, (25A/div) Ch.2 V, (250V/div)

Fig. 12. Step Response Characteristics Experiment from -
SkVar to +bkVar.

2 H=EMEZAL Open R&D ZZ 19|
xeleoz == TA(No. R18DO02)2| i+ Zz}
|

References

[1] R. Majumder, “Reactive power compensation in single-
phase operation of microgrid,” /EEE Trans Ind Electron,
Vol. 60, No. 4, pp. 1403-1416, Apr. 2013.

[2] Q. Wang, M. Cheng, Y. Jiang, W. Zuo, and G. Buja, “A
simple active and reactive power control for applications
of single-phase electric springs,” IEEE Transactions on
Industrial Electronics, Vol. 65, No. 8 Aug. 2018.

[3] H Zhang, S. Kim, Q. Sun, and J. Zhou, “Distributed
adaptive virtual impedance control for accurate reactive
power sharing based on consensus control in microgrids,”
[EEE Transactions on Smart Grid, Vol. 8, No. 4, Jul. 2017.

[4] J. Yoon, Y. Kim, and S. Kim, “Evaluation of influence of
system on SVC installation operation,” in Proceedings of
the Korean Institute of Electrical Engineers, Vol. 59,
Vo. 7, pp. 1187-1193, Jul. 2010.

[6] S. M. Lee, I. Kim, H M. Oh, S. Oh, and D. H. Lee,
“Comparison of SVC and STATCOM operating
characteristics for the reactive power compensation of
the jeju system,” Jowrnal of the Korean Solar Energy
Society; Vol. 35, No. 3, pp. 49-56, Jun. 2015.

[6] C. Kumar, “Operation and control of an improved
performance interactive DSTATCOMN,” /EEE Transactions
on Industrial Electronics, Vol. 62, No. 10, pp. 6024-6034
Oct. 2015.

[7] A. Cetin and M. Ermis, “VSC-based D-STATCOM with



78 WAadeg 9 Fa%

selective harmonic elimination,” /EEE Transactions on
Industry Applications, Vol. 45, No. 3, May/Jun. 2009.

[8] J. I Y. Ota, Y. Shibano, N. Niimura, and H. Akagi, “A
phase-shifted-PWM D-STATCOM using a modular
multilevel cascade converter (SSBC)—part I: Modeling,
analysis, and design of current control,” [EEE
Transactions on Industry Applications, Vol. 51, No. 1,
Jan./Feb. 2015.

[9] H. S. Kim and J. W. Choi, “Instantaneous active/reactive
power compensation of distribution static compensator
using state observer,” The Transactions of The Korean
Institute of Electrical Engineers, Vol. 57, No. 8 pp.
1377-1382, Aug. 2008.

S
[}

b M ALA|
ojZstnt E¢l. 20181—4~°47(H S 7|

W
o i
N
rLLL
N
B
ne
)
::
65
L

ZE=(28#H)

1969 42 204M 19914 I ©7|
83t Z9. 190d £ CfEY M7|3E
ZOl(MAN. 2001 ~ BRI EHATSAIA

4l O ?._/I\_?él-

oe
I'_.L

Aot (EHA)
1988 Al 20 M7|33tnt ¢, 19009 %
sl MARHT|Sefat a(&.AH. 20044

o|= Texas A&M University, College station
ZHH 1090 ~2001A LGAR o474 zHolod
T 2009 0|= United Technology Research

w2005 ~ A SEHU MY(Setnt w



