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ABSTRACT

This thesis proposes technical performance evaluation and economic
decence for the combination of harmonic correction devices in Industry. Currently, an
electronic device is popularly applied in power network. Although, it is a higher
performance device than the existing device, it still causes the power quality issues and
then network failure. Especially, harmonic disturbance in the network, it is a harmonic
source that generates harmonic current into the network. Many types and solutions are
available in the present time, therefore the suitable and optimal financial solution must
be considered. A network model for the analysis of harmonic correction devices,
suitable solutions and optimal financial has been established in the simulation software
that bases on the power and Break Even Point (BEP) equations. The results of analysis
shown that the performance of harmonic correction devices, suitable solution and BEP
of investment in match to the using of a detuned filter bank and an active harmonic filter

(case 8), thus these information will be valued for the end-user.

Keywords : Harmonic Disturbance, Harmonic Correction Device, Break Even Point Analysis
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1WWﬁﬁﬁﬁaLﬁ'@ﬂﬁ?uﬂa;qmﬁqﬂ?zﬂ@uﬁqﬁqiv\l% (Power Factor) lussuuIWiNANas annad
4ryidel (Power Loss) HiAatuluszuy Wisaasanslunsdnsinanemiiouadlniin
s li/Aennsanantliuannnislniinfianaifaduainnisi lussuniAndassnausags i
Andinnt

2 MANIRENNNINR ptlsngnisalislounuduuueu (Avoidance of The Parallel
Resonance) fiRatua s udaridszaiindingssun IWinindeiimamnaiiauansueiin

fuflugmniiniianstenesareussii uasnszuagsuedin daliinAaudeme
singiinand uaziadasn naasssuuWiang

3. amsEALANATELIaILs N SuaTin (Reducing Harmonic Voltage
Disturbance) ﬁfa‘m[ﬁifaéqﬂmwuw?ﬁhﬁﬁﬁq (Common Coupling Point ; CCP) Tagnnsnsag
Lfaﬁn@mmm%mﬁﬂlm"f]ﬁuﬁzgmd%mﬂ?uguaﬁmﬁﬂmqzﬁqu@@ﬂ@qﬂ@:uuivd%ﬁﬁqﬁquﬂ

Anlandasinumulninnszuaasuudanasugiilundsanuaanstausanly

2.2.1.2 doutlsznavassginaniliulgsdnyannianfuetinuuusmnsasnqu
azigunanisinge Nuszneavegnieluaineduivgdnsalliudgedsiadsznauingsinilann

Usznig uslazdinnaiiusirunuliinnszusadusaaynsuiudaiuilses i anunls
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navldudadnesiu nedieyaresdautsznausine lugdnsnidiulsedtyayinianinatinuuy
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FaNgadnqu H9eaziasnAall
1. dfivdszqinindudoudszneuiugiuresgdnenitiud gedayan
¢ a o o R y = ' = °o o A4 §ua
a1suetinuuuAINIaIRqUINAITALHRINNIIANEatiNazIBEAd T UN TR NLLLLNG LR
pNIENzaN uaztaanialunisldaiu wu Adaussaulninaessaifiulseq Wil sias
ATlanaraTagussAu Wi AnnAsansa s unulWinsruaadu g IsaAuseq Infin
THFuuseaulningaan uaznszua iln e usesdaiulseq Infindeinazdsznavsiae
nszualninldeunaeunyagiu (Fundamental) uaznszuaaniuetinunsdanluszuuilva

dingsauivtlszq i lunsdinlussuuiinesuaanfuetingannn

Inexpensive
but low safety

Expensive

SN —

Can-type capacitor Box-type éapacitor

AW 2.6 Fowfiutlszalniiusadisn

%

2. padnunnuliiinszuaasuifludaulaznavdAnivinlinanisidas

wlaare9A1ANA1LIIN (Impedance) Tussuy FaasdaavaniaganisiiaLslawsud iy

unANDENSHelingendne uleulas il uazdaiiulseq il Insazfinuqanua e

o o

ANANATUTINGIgA TUIEULAINAIND Ve AL TNaTNITRa A ATy o TuTas

1 o ° o

AND visaRNAUE FReinM i TR A Aty waza3eaatsTruuudeunsNAuNNTAzTqs

q
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A

A Nfnusanluszuuninissadafnunulniinnssusaduaynsuiusafiulseq Iniin

A1170NANTUN IHANALAAININ 2.7 Ay 2.8

Must be designed in using with
only fifth harmonic

Reactor for detuned filter

AN 2.7 Fadnunulninnssiaasy

High impedance,
High harmonicvoltage
amplification on CCP.

A Tunning poeint or

~ 0.8 | | Seri a Summation of impedance
S . (transformer -+ capacitor)
@ | . .
o 06 Summation of impedance
g transformer + reactor+ capacitor)
= 04
g Impedance of transformer
£ 02

0.0 — ‘ 1 >

1\ o3 5 7 9 11 13 15 17 19
Harmonic order

AN 2.8 ANE UNIUIN Tz UL WA AN

Hagannnrzua anunassafruniuwinnsziaasduazilsznatfaansz wa A7

Y
% o K K a

AYINDYAFIN LAZNIZUANTHETN N190BNULLAIARIANTNDNNATE HIUN)RARNTWAN
A % ' o ai a &9/ :: o v

N9 149U LAZENABIANNTNNUAANTZUARAINAINIAATUIININTL LA LLZQ?JLL?Q@H‘IV\IWW@’]T']
o 1 A 4 o o 1 v dl o . ¥ g

NI19FAAMARAINATANAIEY ATUNTUANAINNAIUNIUNITNULIUN (Inductive Reactance) ALFABINAN

R4 ' 4 v & £ dl o ¥ o 1 o o a
NNNINTREUNE 5 °IJ’£]\‘1ﬂ’]ﬂ”J’]ﬁJlﬂ’]uVI’]u‘ﬂ@\‘iWJLﬂ‘]_lﬂﬁ‘t’ﬂ%l“l/\h sm%wﬂwnmeﬂiugum@muﬂ
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3. gUnsniFnsiateas (Switching Device) NutinNsinsianasusiargAtiae e
FonsasnquiiataLeinad lninsiunau nnliadatsznauniasTwinlussuu i nngs
duldanunsiasnng nevialiudqginmmin i lunssnsiensasesginsallfulgednynyin
9 a o N A rd‘ (<1 a d‘ IS . di
anFnatinuuLAaNIadnqu Ae AeumALRasIuglia AC6b Geazianadn Damping taan
nazuavadinniinannisdnsiatsas uaznislinlnsnididnnsatindinasanan lvidanas
(Thyrister) 4199 0a%813 (Silicon Control Rectifier ; SCR) lun1ssinsiansastsazlaivinliifia
Ly A o o = = = '
nazuanadinluaneniinsdnsiatsas uazdanlalunismuinaaninsaauulasating

9903914 Taeginsnlfnsiansasaenanaiunsaiatsn linunuansnin 2.9

Inexpensive
but low performance

High performance
but too expecsive

7N 2.9 9ilnsnlfnsiadaas

4. gin3nlilesiunnsdnasas (Short - Circuit Protective Device) vinuting
¥ [ o dl a d” o e | g a
flasiunisanavsnetanaauiuglnainieluglnsailiud padaynynasanuetinuuy

fonseshqu lnevialiludagilnsninldlunnssnsiadnsas Aa Hod (High Rupturing Capacity
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Fuse ; HRC Fuse) uavginsnisinmausgas (Circuit Breaker) 4ilnsniviaaasiiiaaiu
WANFNAUANIAT LazANAINNT TUNN9NN9U ANz radving uavglnsnlinneudas

AN LEA NIRRT TN 2.10

Inexpensive Expensive
but low performance but high performance
and safety and safety

HRC fuse Circuit breaker
2 2.10 gilnsalilesiunnsdanagas

2.2.2 IUARENLNYIUDY
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7
1000 kVA, 12kV/416V
Impedance (Z) 6.5 %
Pc 13.5 kW
Ish
“
Ih
—_— Vs=416V

6 Pluse SPC, “S

In
A 1 Lh A
300 kW, Ich
80% PF Lagging Irn

I_’ = @ i Capacitor Bank

/\ . :

4000 KW, : or :
75 % PF Lagging §  iDetuned filter Bank

AN 2.11 szuu AN dasnasing

svuu AN assatiediaTnasiuLflu@adu wagldifludadu iananaliigiu

o o
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neelAnE s 2 natlaail

1. Wnnsgmalwisininalaafesldgadaiiuileze Wi visedasionseshqu

Manun 9 4n Aazlfinanuiuanslunin 2.12 uaz 2.13

- Current of a non linear load ]

‘sesss Current of a capacitor bank

1, = 133.624
Iop = 279.224

Irms/[ch = 1.155times
Ly is not above
limit of IEC 60831-1 std.

Lmitof [EC 60831-1 std.
Lpys shall not above 1.3 times

of capacitor current rating

Current (% of fundamental)

1 5 7 11 13 17 19
Harmonic order

MW 2.12 nazuaaninetinilesiasoiulszq i 9 gades
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@R Current of a non linear load

== Currentof a detuned filter bank

-

= 100 Iy = 133.62A4

= Iop = 62.794

E 40 Irms/Ich = 1.007times
= _ :;
= Lyys is not above /
;E 30 limitof IEC 60831-1 std
o

< Lmit of IEC 60831-1 std.

2 .

s 20 Iyns shall not above 1.3 times

b of capacitor current rating

=

E 10

=

=
o

=]

L oo

1 5 7 11
Harmonic order

NN 2.13 Nszuaaiualiniiasiasfingednqu 9 gatias

2 Tanwnzniszmsiuwuuliiwdadu Tnaldgasafulszq Wi vise

TAP Qﬂ?ﬂﬂﬂﬂu‘ﬂﬂ‘ﬂﬂﬂ 3m GHQ'QVVL@]N@MWQJVILL@ﬂﬂluﬂWW 214 8¢ 2.15

= 133.62A4

683.12A4

- Current of a non linearload
‘wessns Currentof a capacitor bank

P S § Wo el o P i/ Ty W == F 5
= 100 & ' [Bms abovelimitof
= - = i | (IEC 60831-1std. =
& : g © I H =
E @ i W W2 &
< & /)
2 i {
E 30 i k. J
S =
: 3
s 20 RSP Lmit of IEC 60831-1 std.
- | Lyys shall not above 1.3 times
E ' of capacitor current rating
= 10 -
-
S i«
0
13 17 19

Harmonic order

M 2.14 nszuasndueiinilesesifudszalnii 3 gades
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] Current of a non linear load ]
k

(=]

A s Current of a detuned filter ban
-~
= 100 (1, = 133.624 (A
s Ieh = 32.994 D, o N
T a ¢ s = [
g 40 \Irms/lch = L018times
= (s is not above \ V e
E 30 limit of IEC 6083 1-1 std. ‘ '/
ot ~ T
2 (Lmit of IEC 608311 std.
é 20 ) Lns shall not above 1.3 times
,E &af capacitor current rating
& 10
=
=
@

5 7 11 13 17 19

Harmonic order

AW 2.15 nazuasninalinilesiafiongednqu 3 gatiet)
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1. aannm 212 deldgasifudszalnindiun o gesies sadngezuy
wudasimsTuufuunuduRansueingaui 7 waziiAnN1srenenszuaa e iinding
foiiutlezq il LwiixﬁmmmummﬁﬁmLfammﬂ;mﬁqLﬁuﬂizﬂw&”/\lqﬁq@quﬂwﬁﬁ
panFUlAnIunIgnL IEC60831-1 Avfiadnanunanliaulfusienafinansznuseaignisld
mummﬁqLf“mﬂi:f«ﬁw?ﬂf]ﬁﬂﬁmqmﬂ%mu&%m

2. aanan 2.13 dialigaansesiiquinuan o gates fEununszuaasy
anansnsnianssudansueinliivariuiafudsse I legluss fuinensuly Ganszua
anfiuieavesgaianTasuLuAquilAnfies 1.007 i sesnstuaiinnuiiyagugaianias
wULAau M lfigasanse UL AuatIsain e Taise A ae NS unaL wazdFuiss
Arsiatlsznauniaalniln linudna

3. A 2.14 dleldgasafudszaliiindiuny 3 gades uazluszuyd

! v 1
W19z Nl udadwmingu Wasedgadaiulsea i dinszuunudnaziin
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Tt UL IUNLAURENSNATNAAUN 11 waziANTueNeNTzLaaNTNatn adingfialAy

a

Uszqlnilngennnainiuanslunin 2.14 nudinszuaaniidneasasaasioiiuilszqlnilngn

PENLAUIN 4.362 111 BeInszuafinNdyagIugadaiiudezq Wi dedaiudseqlnilnas
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What is its
solved ability?

Circuit
Breaker @unug T —
. |
Contactor .
[ N I+
Reactor »
@== ‘
Capacitor .
2
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Inexpensive Expensive

but low safety

Can-type capacitor Box-type crpacitor

MW 2.17 dafiudszq I usasien
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Must be designed
a tunning frequency point
less than 10 % of
harmonic order that considered
(provision of IEC 61642 std.)

Reactor for tuned filter
AN 2.18 Fafum LN TLaadL
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Avoid parallel

A | Tunning point or resonance
. 0.8 | | Series resonance point Filter harmonic
e current
‘q—: Impedance summary ¢~
S 0.6 | (detuned filter) /
- ¢ '@/
..g 04 Impedance summary 25
2 (tuned filter)
E 02

-—
1 3 5 7 9 11 13 15 17 19
Harmonic order
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High performance
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operating current
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1500 kVA, 22kV/400V
Impedance (Z) 6.5 %
Pc 19.8 kW

Isn

6 Pluse SPC, A

J ZIL'IIL" lLIFSh JLIF7h

.

>

650 kW,
78 % PF Lagging ‘

Hesn Jlem J
\il \gl \E
Loy o4

.gth 7th 11 th

a Ly o a ¥ 1 S =] [<1 o d’j
ﬂ’]ﬁ"lLﬂ?’]:ﬁﬁﬂ’]ﬂﬂ@“ﬂfﬂﬂﬂ?umEl’]‘a‘il‘ﬂuﬂiﬂLLUQﬂ?MﬂﬂH’]@@ﬂLﬂu 3 NIUANIU

Tuned filter
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FONIANUANALT 5 FONTBNAUANALT 7 UAZFAINTBIQUAIAUN 11 THNAN1ILATIZITRNNT

WAAN AN 2.23 WAL 2.24

180
160
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100

Harmonic current (A)
[ S~ - -}
(=T =] (=] =T =]

filter fifth harmonic

............

)
.

Harmonic current of

@B on-linearload
5 filter bank
=2 7 filter bank

s 11% filter bank

5 P71 Pin 13 17 19

. o
......................

Harmonic order
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Total harmonic voltage distotion on
A Coupling Common Point (CCP) = 0.24%

- 1t's in limit of the following standard ;
= 015 -IEEE 519-2014 -IEC 61000-2-4
5 e -ER G5/4 - EN50160 |
g 0.13 .
_.g
g 0.10
—
o 0.08
=]
E\i 0.05
)

0.03
=]
g 1 L i1
= 0.00 - -
> 5 7 11 13 17 19

Harmonic order
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2. sz iidwasdulusruusains wazldsansesueasums 3 40
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filter fifth harmonic

180 || aoreeeeeeess ’ a
— : : armonic current o
< 160 4
= 140 5 @R ron-linearload
g 0 i filter seventh harmonic W= 5 filter bank
>Rl | B A Ay ) W= 7t filter bank
= 100 filter eleventh harmonic T -
hiaadl B | B I e : s 1715 filter bank
-E 80 ‘
E 60
< 40
=

20
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s fio7 im0 13 17 19

.
.......................

Harmonic order
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Total harmonic voltage distotion on

A Coupling Common Point (CCP) = 0.25%

It's in limit of the following standard ;
-IEEE 519 - 2014 -1EC 61000-2-4
-ER G5/4 - EN50160

—
Jl-lll _
s 7 11 13 17 19

Harmonic order

1
al I

NN 2.26 usasuansuatnqasadan uszuu gy drudunsiin 2

3. WnnsemalWihnldidwdadwinngs waeldfonsasquaidui 5 e

wilga lHnan1sanaeinuiuandlunIn 2.27 uay 2.28
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Harmonic current (A)

filter fifth harmonic
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Harmonic current of

@R on-linearload
5 filter bank
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Harmonic order
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Total harmonic voltage distotion on
Coupling Common Point (CCP) = 0.58%
It's in limit of the following standard ;

A -IEEE 519- 2014 -IEC 61000-2-4

- ER G5/4 - EN50160

0.15

0.13

—
incresing harmonic
voltage on CCP :
0.10 i
0.08
0.05
0.03
0.00

Harmomc order
NN 2.28 uswiugnduaiinfiaasesanluszuulinings dAwiunsdin 3

Voltage (% of fundamental)
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Harmonic .
cur rent
I
i
Compensated Variable
current speed
‘ Active filter controller
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2.4.1.3 Trseasaesginenitfudlgedtynnannefinuuuneaininavialy
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1. Afiutlszq Wil inutinaiaussanlnilnszuansanqe DC Bus iinald

Huszaunilnnszuansednedediniuginsnididnnselindings Anwouzaesdafiulseq

W m A nanalunIw 2.31

Generating DC voltage
for reference voltage level
of IGBT

i3

Mw 2.31 Aafiuszlnii

2. gunsalaannsatindniaviluansaiuanivinuiinnulausesulnilnann

Winszuansaniuanaindafiusza inlusumds DC - Bus  IidlulWinszuaadu
4 4 h < oo Y

AN T9azAINN0LF TN AIND uazaIa anufiesnislinunIsUsraaanaTes

giinsnianunn anwzaesginsniBidnnsatindnidwmnunuandlunin 2.32

Generatung harmonic current that
having oppesite phase angle of
harmonic current in network

IGBT ; Insulate gate
bipolar transistor

NN 2.32 ginsaldidnnsatindniag
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NN 2.33

PWM reactor ;
Pulse width modulation
reactor

Converting voltage supply
of IGBT to current supply

AN 2.33 Fafun Nz Lasay
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Blocking current and
voltage transient
while IGBT switching
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5. aUnsninvuANTaesduioaiu douusnAe Digital Signal Processor (DSP)

Q Q

Nt e zidynuaniuainfinadnlilag lGuannns Fast Fourier Transform (FFT)
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DSP ; Digital control panel
Main processor unit,
interfacing between user
and device
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Current transformer
selection must be respected
to active filter instalation
(closed loop or opened loop)

=
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3

Non-linear load

A

Opened loop

©

AC supply
- Simple control
O algorithm
; - Low accuracy
s - Without feedback
L g processing

A‘ct_ive‘ﬁlter
Non-linear load

Closed loop Zg;
)

Active filter

- High control
algorithm

- High accuracy

- Containing feedback
processing

- High realibility
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3000 kVA, 33kV/440V
Impedance (Z) 6.0 %
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DC Drive _
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! : IEEE519 - 2014 ANl semelne
1 1 (\ <8% TDD’ > 0.85 811143
1 2 DF’ <8% TDD’ > 0.85 1A
1 3 TF° <8% TDD’ > 0.85 1114
1 4 AHF* <8% TDD’ > 0.85 11143
2 C+DF <8% TDD’ > 0.85 11143
2 6 C+TF <89%TDD’ > 0.85 11143
2 7 C+AHF <8% TDD’ > 0.85 11143
2 8 DF+AHF <8% TDD’ > 0.85 11143
3 9 C+DF+TF <8% TDD’ > 0.85 11143
3 10 C+DF+AHF <8% TDD’ > 0.85 11143

'Cc= Capacitor Bank

*AHF = Active Harmonic Filter

’DF = Detuned Filter Bank

TF® = Tuned Filter Bank

*TDD = Total Demand Distortion (THD; on CCP)
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1(c% 8% (TDD) | 816.67 (N/P)° |  0.85 0.48 (N/P)° | 0.86 (P)’ 806,564.80 | 1,007,808.68 0.6 0.7
2 (DF) 8% (TDD) | 15.55 (N/P)° 0.85 0.48 (N/P)° | 0.86 (P)" | 1,325,919.48 | 1,005,023.45 1.1 1.2
1
3 (TF") 8% (TDD) 7.27 (P) 0.85 0.48 (N/P)° | 0.86 (P)" | 3,544,746.52 | 973,793.90 3.0 4.0
4 (AHF") 8% (TDD) 7.27 (P)’ 0.85 0.48 (N/P)° | 051 (N/P)° | 2,851,401.41 | 112,631.39 | 21.1 273
5 (C+DF) 8% (TDD) | 36.74 (N/P)° 0.85 0.48 (N/P)° | 0.86 (P) | 1,066,441.38 | 1,007,343.35 0.8 0.9
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3
10 (C+DF+AHF) | 8% (TDD) | 13.08 (N/P)° 0.85 0.48 (N/P)° | 0.87 (P) | 3,153,599.42 | 998,346.98 26 3.3
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*apfunu (amulee i lidwdeanantiunisie - aadunu (amulseiiududiaainantiunis@e) - ° (N/P) Not pass = Tuenwunned
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"(P) Pass = tntnnut

°C = Capacitor Bank  °DF = Detuned Filter Bank  '°TF = Tuned Filter Bank  'AHF = Active Harmonic Filter Bank
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Abstract. This paper presents the resonance impact on power factor correction system (PFC
system) in power system with harmonic distortion. The main purpose is to show harmonic current
amplification that generated by the parallel resonance phenomenon in power system and problem
solution. The power system model for analysis consist of the harmonic current source and PFC
system. These devices are established by MATHLAB/Simulink. In simulation, the variable speed
drive, which is DC drive, instead to the harmonic current source in power system that use capacitor
to improve power factor of system. The problem solution, the series reactor, which is detune filter,
is used to correct parallel resonance problem, by connecting capacitor with the series reactor, which
is detune filter. The result of simulation, detune filter is able to avoid the parallel resonance
phenomenon and partially reduce harmonic current that flowing to capacitor, however the series
reactor, which is detune filter, is unable to reduce harmonic current of the harmonic current source.

Introduction

Generally, the many industries have to install power factor correction system (PFC system) for
improve power factor and reduce power loss in power system. The most important problem is the
parallel resonance phenomenon between capacitor in PFC system and transformer at the harmonic
frequency is generated in network. It is cause of harmonic current amplification and linked to
breakdown and partial discharge in capacitor [2]. Non-linear loads in industries consist of variable
speed drives (VSD), arc furnace, electrical welding, rectifier, switching power supply, etc. These
devices link to distortion of current and voltage sinusoidal in power system as show in Fig.1.

Voltage V]

vl weung

Time [ms]

Fig.1 Sinusoidal components of harmonic source

In Fig.1, the current and voltage distortion of non-linear load is caused of parallel resonance
phenomenon and amplified current flowing to capacitor in PFC system. The reactor characteristic,
when the series reactor is connected to capacitor in PFC system. The harmonic current, which
flowing to capacitor, is varied in accordance with the reactance of reactor [1]. If the reactance of
reactor is appropriate, it is able to avoid the parallel resonance phenomenon and partially reduce the

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (ID: 101.108.182.184-22/05/15,17:38:24)
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harmonic current. The parallel resonance impact on capacitors consist of the long term effect and
the short term effect. The long term effect is breakdown and partial discharge of capacitor. The
short term effect is flash over of capacitors [5]. As the above reason, The PFC system should be
carefully design about these problems.

Problem Formulation

The power factor correction system (PFC system) is connected to the 400 V buses for improve
power factor of network as show in Fig.2. It link to amplified harmonic voltage distortion at the
point common coupling (PCC) and generate parallel resonance between capacitors in PFC system
and transformer. If frequency of harmonic current source and frequency of capacitor is
corresponding, it is linked to amplify harmonic current flowing to capacitor in PFC system.

Bus 1 MV
- TR Bus 2 BCG
Bus2:LV PCC ) T . lﬁ X Xe
: 10 ldnd Ay e ‘ R
- N “
— s X1
Tlarmonic Current | i o
Source i
(a) Diagram of power system (b) equivalent circuit

Fig.2 Power system with parallel resonance problem

1) Equation of harmonic current in each order :

ROLN PN
=100 M
where I, = harmonic current of each order.
(%) 1, = percentage of harmonic current in each order of non-linear loads.
[ d ~ full-load current of non-linear load.

2) Equation of total current harmonic distortion :

b
20
(%) THD; =32 %100 @

where (%) THDi = total current harmonic distortion.

L

|

current of fundamental frequency.

3) Equation of harmonic current flows into capacitor :

v, Z,%Zy

he T, M7z AX, 3
where The — harmonic current of each order, which flowing to capacitor.
vy — harmonic voltage in each order at PCC.
B — impedance of system.
7. — impedance of power transformer.

Z. = impedance of capacitor.
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Case Study

The power system model for analysis of parallel resonance impact on power system consist of

the rated 1000 kVA power transformer with rated voltage of 24 kV/416 V impedance of 5 %, the
variable speed drive, which is DC Drive, with rated power 350 kW and power factor correction
system (PFC system) with rated 240 kVAr at 416 V without reactors.

Bus 1 :24 kV
—._ TR, 1000 kVA Bus 2 P?[?C
24000/416 V
S 5 i - Ins Ire
E Pk=10kW h | Rs
| 4 v
Bus2:416 V ‘pee a , X
N { A Vh [Xx (¢
PT Corrcetion Sysiem : g < R
k- 331% (240 kVAr) | s
Ts = 3286% ﬁ 3
1737 % . :
s oy N [ Xr
Ls=0.07% VSD Iﬁrir?rir?r:rir
(a) Diagram of power system (b) equivalent circuit

Fig.3 Power system for case study

From Fig.3, the parallel resonance impact on power system with harmonic distortion for the case
study is able to analyze with 1* to 3" equation. In case of PFC system without harmonic filter, the
amplified harmonic current flow to capacitors in PFC system as show in Table.1 and Fig.4.

Table 1. Result of case study without harmonic filter

Moo s (%) Harmonic current (%) Harmonic current
of source (1h) into PF correction system (lhc)
3 3.31 0.35
5 32.86 13.64
7 20.37 47.63
g 133 3.36
11 13.35 16.52
13 12.17 11.64
13 0.07 0.06

[—__Imarmonic Current of Capacitor
NI 1Tavimonic Current of VSD

1.05 times
Current of capacitor out
of limit

15
- ﬂ_ﬂ
i )

D) 11 13 15 'l 1 . i

Harmonic Current (%o)

Harmonic Current (%)

0 12 14 18 1] 0

5 7 8
Harmonic Order Time (ms)

Fig.4 Level and sinusoidal components of harmonic current

From the introductory analysis, the parallel resonance is caused of harmonic distortion in power
system. However, it is able to eliminate with harmonic filter. The problem solution, the series reactor,
which is detune filter at 7 % reactance, has been used to avoid parallel resonance that is generated.
The result of simulation as show in Table2 and Fig.5, the detune filter is connected to capacitor in PFC
system. The harmonic current that flowing to capacitor is decreased and sinusoidal components is clean
and smooth more than the former result and Icrms is stayed within limit of 1.3 times of full-load current
of capacitor conforming to the standard of [EC 60831-1[3].
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Table 2. Result of case study with harmonic filter

Marmonic order (%) Harmonic currcnt (%) Harmonic current
of source (Ih) into PF correction system (Ihc)
3 3.31 1.28
5 32.86 7.36
7 20.37 2.71
9 1.33 0.18
11 13135 1.75
13 12.17 1.55
15 0.07 0.01
gl - =
o~ o
= THDI =4182% <
;1‘3 sk THDic =12.46% 3 b=
£ s0p - 2
G 28| rE‘
Q Ll ‘:
Harmonic Ordur Time (ms)
Fig.5 Level and sinusoidal components of harmonic current
Conclusion

The parallel resonance is caused of harmonic current amplification that flowing to capacitors in
PFC system. As the result of simulation in Table.1 and Fig.4, the 92.85% THDi of harmonic current
that flowing to capacitors is able to make damage on capacitor in PFC system. And the result of the
former research, if the harmonic current flowed to capacitor until Icrms of capacitors has more than
1.3 times of Icr, capacitors in PFC system will met the breakdown and partial discharge. As the
result of simulation in Table.2 and Fig.5, when the series reactor, which is detune filter,is connected
to capacitors in PFC system. the THDi of harmonic current is decreased as show in Fig.5 and Icrms
of capacitors is less than 1.3 times of Icr as specified in standard of IEC 60831-1[3]. However, the
detune filter is unable to reduce the harmonic current of harmonic current source in network as the
result of simulation in Table.2 and Fig.5. From the above reason, the detune filter is able to avoid
parallel resonance impact on capacitors and partially reduce the harmonic current that flowing to
capacitors but it is unable to reduce the harmonic current that flowing to transformer and network.
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Abstract

This paper present harmonic impact on the reactive power
compensated equipment in power system. The content consist of
harmonic definition, origin of harmonic and effect of on the reactive
power compensated cquipment installation in power system with
harmonic distortion that generated the resonance phenomenon. The
resonance phenomenon is generated by matching impedance between
capacitive reactance of capacitor and inductive reactance of inductor at
harmonic frequency. It linked to amplify harmonic voltage and current
and made damage on capacitors in the reactive power compensated
cquipment. The installed reactor on capacitor can be avoid the

resonance phenomenon in power system with harmonic distortion.

Keywords: Harmonic Distortion, Resonance in Power System
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Parallel Resonance Impact on Power Factor
Improvement in Power System
with Harmonic Distortion

Saran Chaladying
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Abstract—This paper mentions parallel resonance impact on
power factor improvement in power system with harmonic
distortion and correction. This paper illustrates effect of parallel
resonance phenomenon to harmonic voltage and harmonic current
amplification in power system by illustrated a case study for power
factor improvement in power system with harmonic distortion and a
case study for correction of harmonic voltage and harmonic current
amplification when corrected power factor of power system with
harmonic distortion. A power system model is established with
MATLAB/Simulink. A non-liner load, which is a harmonic current
source, is a direct current variable speed drive (DC drive). This
paper mentions a direct current variable speed drive (DC drive)
because it is the most type of motor speed control and it has a low
power factor, resulting in a need for power factor correction. The
mitigation of harmonic voltage and harmonic current amplification
on capacitors when parallel resonance generated in power system
is connection of series reactors (the detuned filter) to capacitors
in a power factor correction device because this solution is
cheaper and easier than other solutions.

Keywords— Parallel Resonance, Harmonic Distortion

[.  INTRODUCTION

In the currently, The variable speed drive (VSD), the variable
frequency drive (VFD) or the variable voltage and variable
frequency drive (VVFD) can be a significant percentage of
plant in many industrial facilities. They commonly used in the
rubber, paper, plastic, oil, chemical and metal industries, etc.
There are many industrial facilities used the variable speed
drive (VSD) for decreased their power energy using. The
variable speed drive can be classified as per type of the
electricity such as alternating current and direct current. This
paper will be mentioned to the direct current variable speed
drive (DC drive) because these drives are still the most type of
motor speed control for applications requiring very fine
control over wide ranges with high torque and the important
reason, DC drive is required power factor correction because
phasing back of SCRs result in relatively poor power factor,
especially when the motor is at reduced speeds [1]. As the
above reason, congsideration for the harmonic effect form DC
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drive operation and power factor correction of DC drive can
be illustrated parallel resonance phenomenon impact on power
factor improvement in power system with harmonic distortion.
An example voltage and current waveform of a DC drive load
as shown in Fig.1.

Voltage waveform

T T T T T T

TJ\ ) ) i :l"lme

1Time

Amplitude
»,

Current waveform

I'ig. 1. An example voltage and current waveform of a DC drive

As shown in Fig.1, a current waveform is lagging from a
voltage waveform, therefore power factor correction is
important requirement of a DC drive but a current waveform
in Fig.l is distorted from the sinusoidal power factor
correction by used capacitors may be linked to generate
parallel resonance phenomenon in power system. Parallel
resonance is a phenomenon of matching impedance between
capacitive reactance of capacitors and inductive reactance of a
transformer at harmonic frequency. While parallel resonance
is generated in power system, there is high harmonic voltage
amplification on a point of common coupling (PCC) and high
harmonic current amplification on capacitors. High harmonic
voltage amplification in a point of common coupling (PCC) is
linked to harmonic current amplification on other loads in
power system and affect to reliability of power system. High
harmonic current on capacitor can be reduced the life time of

978-1-4799-8641-5/15/$31.00 ©2015 IEEE



capacitors and linked to partial discharge and flash over on
capacitors [3]. Parallel resonance phenomenon in power
system with harmonic distortion can be considered in a
diagram as shown in Fig.2.

High Harmonic

The Utilities {77} Voltage
§—D i ' Harmonic
e Current
P

Non-Liner Load

High
Harmonic Current

AN
Capacitor Bank

Iig. 2. Parallel resonance phenomenon in power system

II. PARALLEL RESONANCE CORRECTION

Parallel resonance phenomenon in power system as shown in
Fig.2 can be corrected by connection of series reactors with
capacitors that used to improved power factor in power system
and series reactors can be partially filtered harmonic current from
a harmonic current source in power system, if series reactors are
correctly designed [2]. Solution of parallel resonance phenomenon
in power system correction can be considered in a diagram as
shown in Fig.3.

Low Harmonic
Voltage Amplication
The Utilities '}
Feeder

Harmonic
Current

""" Non-Liner Load
Partially filled
S venan]

harmonic current

s

Capacitor Bank

Fig. 3. Solution of Parallel resonance phenomenon in power system

Series reactors will be moved a point of maximum impedance
amplification of power system from the significant harmonic
order to the non-significant harmonic order. This phenomenon
is decreased the risk of Harmonic voltage amplification on

point of common coupling (PCC) and decreased harmonic
current amplification on capacitors. The characteristic of
impedance in power system can be considered as shown in
Fig.4.

Impedance in
= power system A point of maximum
(capacitors and reactors) .
G harmonic voltage
‘; 2.00 amplification on PCC
S T
S .
5 150 Impedance in
= 1.00 power system
=) (only capacitors)
= 050
=
= 0.00
1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17
Harmonic orders
Fig. 4. Impedance of power system
The various harmonic voltage and harmonic current

parameters can be calculated by the equations as follow

An equation for calculation of harmonic current in each
order.

I
%) = {x100 ()

1

An equation for calculation of total harmonic current
distortion (THDi).

h

max
12
i
Yh=2 " <100
I

THD, (%)

An equation for calculation of total harmonic voltage
distortion (THDv).

hpyax

.
THD, %) = |2, "

= oo
v,

An equation for calculation of harmonic current amplification
on a capacitor (without a series reactor).

Rgy+ibXgy

I, = 1
- ; X
R +jhXy; -J—h‘-)

€Y



An equation for calculation of harmonic current amplification
on a capacitor (with a series reactor).

Rg; + jhXgp .
Ry +Ry +jh(Xgy +X; ) 19)

Ty = 1

)

[11. CASE STUDY

A power system model for analysis of parallel resonance
phenomenon impact on power system with harmonic
distortion can be considered in a figure and a diagram as
shown in Fig.5 and Fig.6.

Power transformer Capacitor

Other loads

DC Drive

Fig. 5. A powcr system modcl for a casc study

BOWeR Transfostaer DC Variable Speed Drive
-1000 kVA 350 kW
-24/0.416 kV 4’1(.[\,
-5% Zk iy f
E -41.82 % TIIDi

24 kV Feeder /

|
¢

|
|
(.

— | Motor
Capacitor Bank Other | =350 kW
- 240 KVAr Load 416KV
-416 kV -3 Phase

Fig. 6. A diagram of the power system for a case study

A power system model consist of A power transformer of
1000 kVA, 24 kV primary voltage, 416 V secondary voltage,
5% impedance short circuit, frequency of 50 Hz, A direct
current variable speed drive (DC drive) of 350 kW (470 HP),
416 voltage, frequency of 50 Hz and A power factor correction
device (capacitor bank) of 240 kVAr, 416 V.

From a power system model in Fig5 and Fig. 6, parallel
resonance impact on power system with harmonic distortion
for this power system model can be calculated and analyzed
with eq.1, eq.2, eq.3 and eq.4. The results of calculation and
analysis for this power system model can be considered in
table 1, Fig.7 and Fig.8.
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TABLE I. TIE RESULT OF POWER SYSTEM MODEL
(WITHIOUT SERIES REACTORS)

T — Ilarmonic current
Order lecu amplification on
of DC drive g
capacitors (%)
3 0.00 0.00
5 32.86 13.64
7 20.37 47.63
9 0.00 0.00
11 13.35 16.52
13 12.17 11.64
15 0.00 0.00

This table illustrates harmonic current of each order for a
direct current variable speed drive (DC drive) in the second
column of the table and harmonic current amplification of
each order on capacitors in the third column of the table.

] 2 4 G 10 12 7 I 18 20

. Time (ms.) 7

Fig. 7. Current waveforms of a DC drive and capacitors

Harmonic current (A)

This a figure illustrates current waveforms of a direct current
variable speed drive (DC drive) and capacitors. Both of current
waveforms distort from sinusoidal because of harmonic voltage
and current amplification with parallel resonance phenomenon
in power system.

50
[ llarmonic Current of Capacitor
45T I 5iavmonic Current of VSD
401
THDi =41.82%

I'HDic = 92.85%

L Icrms/1.3Icr = 1.05 times
Current of capucitor oul
of limit

£

Harmonic current (%)

3 5 7 9 1 13 15

Harmonic Order

Fig. 8. Spectrums ol harmonic current for a DC drive and capacitors

This figure illustrates spectrums of harmonic current of
each order for a direct current variable speed drive in black bar
graphs and harmonic current amplification of each order on
capacitors in white bar graphs. In a white bar graph of the
seventh harmonic order, there is maximum amplification of
harmonic current on capacitors because a point of maximum



impedance amplification in power system is on the seventh
harmonic order. As the results of calculation and analysis,
power factor improvement in power system with harmonic
distortion is linked to generate parallel resonance phenomenon
in power system. This phenomenon linked to amplify
harmonic current on capacitors that can be reduced life time of
capacitors and linked to partial discharge and flash over on
capacitors.

Parallel resonance phenomenon in the power system model
can be eliminated by connected series reactors to capacitors.
Series reactors can be designed conforming to IEC 61642 the
standard of Industrial a.c. networks affected by harmonics -
Application of filters and shunt capacitors. This standard
classifies two types of the harmonic filter. The detuned filter is a
filter with a tuning frequency more than 10% below the lowest
harmonic frequency with considerable current/voltage amplitude
[5]. The tuned filter is a filter with a tuning with differs by no
more than 10% from the frequency with is to be filtered [S].
Series reactors in this case study used the detuned filters with
reactance of 7%. A power system model for solution of parallel
resonance phenomenon in power system can be considered in
a figure and a diagram as shown in Fig.7 and Fig.8.

Capacitor

Reactor

Power transformer b

DC Drive

Lig. 9. The power system for solution of a case study

l’cjv]v;:')(’)l’[l{':;:&sforlner DC Variable Speed Drive
- 24/0.416 kV 'iig i‘\?’
-5%Zk r .
-41.82 % TIIDI

24 kV Feeder /
I
|

“T = | Motor
Capacitor Bank Other - 350 kW
355 kVAr Load J4I6 kY
-525kV - 3 Phase
- 7 % Reuactance for Reactor

Tig. 10. A diagram of the power system for solution of a case study

From a power system model in Fig. 10, the solution of parallel
resonance impact on power system with harmonic distortion
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for this power system model can be calculated and analyzed
with eq.1, eq.2, eq.3 and eq.5. The results of calculation and
analysis for this power system model can be considered in
table 2, Fig.11 and Fig.12.

TABLE II. THE RESULT OF POWER SYSTEM MODEL

(WITH SERLES REACTORS)
Harmonic current llarmf)nic c.urrem
Order e amplification on
ofDE drive capacitors (%)
3 0.00 0.00
5 32.86 7.36
F 20.37 271
9 0.00 0.00
11 1335 1.75
13 1217 1.55
15 0.00 0.00

This table illustrates harmonic current of each order for a
direct current variable speed drive (DC drive) in the second
column of the table and harmonic current amplification of
each order on capacitors with series reactors in the third
column of the table

- .

— e ===

Harmonic current (A)

Time (ms.)
Tig. 11. Current waveforms of a DC drive and capacitors

This a figure illustrates current waveforms of a direct
current variable speed drive (DC drive) and capacitors. The
current waveform of a DC drive distorts from sinusoidal as
same as the former result as shown in Fig.7 because a DC
drive in the power system is a non-linear loads but a current
waveform of capacitors are the same as sinusoidal.

[ JHarmonic Current of Capacitor
I 112rmonic Current of VSD

THDi =41.82%

Bs THDic = 12.46%
Icrms/1.3Icr = 0.77 times
Current of capacitor in
limit

Harmonic current (%)

0 |
3 5 i 9 11 13 15

Harmonic Order

e

ig. 12. Level ol harmonic current that (low to the capacitors



This figure illustrates spectrums of harmonic current of
each order for a direct current variable speed drive in black bar
graphs and harmonic current amplification of each order on
capacitors in white bar graphs. Harmonic current amplification
on capacitors is decreasing more than the former result.

IV. CONCLUSION

A direct current variable speed drive (DC drive) are the
most type of motor speed control for applications requiring
very fine control over wide ranges with high torque but
phasing back of SCRs in a direct current variable speed drive
(DC drive) result in relatively poor power factor, resulting in a
need for power factor correction.

However, power factor improvement in power system that
contains a direct current variable speed drive (DC drive) may
has a problem about power quality in power system because of
parallel resonance phenomenon. Parallel resonance phenomenon
can be influenced harmonic voltage amplification on a point of
common coupling (PCC) and harmonic current amplification on
capacitors. Harmonic voltage and harmonic current amplification
can be affected to power system reliability and linked to amplify
harmonic current on loads in power system, especially capacitors
in power factor correction device. High harmonic current can be
reduced the life time of capacitors and linked to partial
discharge and flash over on capacitors.

Harmonic voltage and harmonic current amplification on
capacitors can be eliminated by connected series reactors to
capacitors. This paper presents series reactors that are designed to
the detuned filter for mitigation of harmonic current amplification
on capacitors because this solution is cheaper and easier than
other solutions. As the result in case study, series reactors
(the detuned filter) can be decreased harmonic current
amplification on capacitors and a current waveform of capacitors
are the same as sinusoidal, especially the operated current of
capacitor (Irms), it has value not exceed 1.3 times of the
maximum rated current of capacitor (Icr). However, Series
reactors (the detuned filter) are only partially filtered harmonic
current in power system, if there are high harmonic current of
non-linear loads in power system. The other harmonic filter such
as the tuned filter or the active filter must be installed in power
system to filter harmonic current in power system.
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Implement of Harmonic Current Impact on

Power Factor Correction Device

Saran Chaladying and Nattachote Rugthaicharoencheep*

Abstract

This paper presents harmonic disturbance impact on power (actor improvement in power system. The
Contents of this paper contains harmonic signification, harmonic current sources in power system, harmonic
definitions and effect of power factor improvement by connected capacitors into power system with harmonic
disturbance. Power factor improvement in power system with harmonic disturbance is caused of parallel resonance
generation in power system as a result of matching impedance of inductive reactance of a power transformer and
capacitive reactance of a capacitor at harmonic frequency. Parallel resonance phenomenon incurs harmonic voltage
and current amplification. Harmonic voltage and current will dominate on capacitors in the power factor correction
device and link to failure and damage on capacitors in the power factor correction equipment. Any problems of
parallel resonance impact can be avoided and corrected by connecting series reactors to capacitors in the power
factor correction device. Series reactors will move a point of parallel resonance from significant harmonic order to
non-significant harmonic order and partial reducing harmonic current in power system. However, if power system
contains a lot of harmonic current quantity the (ilter of harmonic current shall be installed in power system for

reduce harmonic current in power system.

Keywords : Power Factor, Harmonic, Series Harmonic Resonance, Parallel harmonic resonance
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