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ABSTRACT
This paper provides the design equation evaluating the gains of non-ideal proportional plus
resonant controller also known as non-ideal PR controller. The control system of single-phase grid-tied
inverter typically embraces such a PR controller governing grid-current. The design equation is originated
and developed from the characteristic equation of the closed-loop control system. Either two distinct
negative real closed-loop poles or one complex-conjugate pair of closed-loop poles with negative real

part are required for the PR gain computations of the design equation. Root-locus consideration will
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place the two distinct negative real poles whilst specification of transient response will assign the one

complex-conjugate pair of poles. The PR controller has to carry its gains so that the closed-loop system

becomes stable. Simulation results compare transient responses of grid current derived from entering

two different couples of closed-loop poles into the design equation and then allowing it to run. Grid-

current response tracking its reference and synchronization between g¢rid current and grid voltage in

steady state are accomplished under experiments on the control system. Thus, the proposed design

equation is an alternative way for tuning the gains of the PR controller in practice.

Keyword: Single-phase grid-connected inverter, non-ideal PR controller, design equation.
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Wewn G, (p)G,p) = 51752 ,

G, ()G (py) = ~2.7406
G (PG, (P)G(p) = —2.8109x 107",
G(9,)G,(P)G(py) = 4.1345x 107 ua

G, ()G, ()G, ()G, ()G () - G(p) = ~5.564x10"

alii G, p)Gp,) < G, (p)GsP) »

G(p)G,, ()G P) < G PG, (P)Cs(py) UaE
G, PGP )G, )G P,)G,(p,) = Gp)) < 0
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nasnnIsunuAnaln  p, = 27 uay
p, = —13250 asluaunisi (15) uas (16) auns
gankuUUIZALINANUYBITIAIUANTIDIS I gAAR
K, = 05795 uwaz K, = 14227 nsununu
voaimuANasluaNNISANAN Y TUALAZN1TYN
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6. HAN13INBRIEIUNITA]

TUsUNTy MATLAB/ Simulink azt1unldd1a04
anunisalsruuauAuduIefineflalfiund
\Beusoninfiuandusui 2 n1sdrassaniunisall
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'3 | o < B a
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a

(i, r) (grid-current reference) ldfluaniuzagd
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ussun3atediuandluguil 5(a) Wafaiuauiiend
LigaunfifiAunu K, = 02349 uaz K, = 3307.1
sruuaIuANBuLIesineilavrlvinanavauss
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Tumsdassaaunisal fauauiienslaigaunii

K = 14227 1%

”

ANy K, = 05795 uay

HanaUaueIndaussaugAnItluanueding

7. HAN1IVARALY
N5NARBITEUUAIUANBUDS B IWALA BT
\Wouseninled dAmisdinesynaidudian
\Rerfudmaimesinsafunnarililunisdians
annuntsal sruumuAudunedinedafeitldau
ﬁammam TIEVM-HV-1PH-DCAC (TIDM-HV-1PH-
DCAC) i6Ena7n Texas Instruments Auandlugud 7

[9] YavmapsiiUsenausmeduieiaesinuuindia



34

S

d
= =) _
T =T

Grid-current referance and
(i8]
.

Actual grid current (A)

'
o

0.05 0.1 0.15 0.2
Time(seconds)

(n)

o

[~

Grid-current referance and
Actual grid current (A)
<

- 0.9 0.92 0.94 0.96 0.98 1
Time(seconds)

(v)

Grid voltage (V)
(=]

=)
S

]
=3
S

0.9 0.92 0.94 0.96 0.98 1

Time(seconds)
(A)
JUN 5 Han1591889a01UN1TITEUUAIUALBULIDS-

wesid K,=05795 uay K, = 14227
(n) nszudlyihnieluaniuzdng
(@) nszualwihnialuaniuzedd

(M) LSIAUNIALDT

NMIANTIFINTTUAEAS UNINGIRBASUASUNTI LS

UM 15 atUf 1 HoU UNTIAN — LWWI8 W.A. 2563

Actual grid current (A)

N - e
.

Grid-current referance and

0 0.05 0.1 0.15 02
Time(seconds)

(n)

[

e

Grid-current referance and
Actual grid current (A)
(=3

) 0.9 0.92 0.94 0.96 0.98 1
Time(seconds)

(v)

g
2
E
2
3.
200 ' ' ' -
0.9 0.92 0.94 0.96 0.98 1
Time(seconds)
(A)

JUT 6 HaN1591ABIANTUNTNTLUUAIUALDULIDS-

wesTill K = 02349 uay K, =3307.1
(n) nszudlyihnieluaniuzdng
(@) nszualwihnsaluaniuzeddn

(M) LSIAUNIALBT

W8T 2995NTDILDATLEA 9ATTULNA LYULLRITIA
LIPUNSA LwuwasTansenalninnsa 29asUSUan W

£ [ 6 6
Fdoygrain waznisalulasaoulnsataos

Aoy

TMS320F28377D 1995L389nszuaLfiunauiisany

a .:4'

BuNALTBUADAULNEIT LT IR LT UALTIA WD NS

q

A 0 v ova o v o

WaumaiuawAUUsEe AVt A uwraanews s

q

%

Adnuandlusuil 8 nIntedfonoutaniinwsiu
110/220 vV, Nflvnaianfis)iiigeusaiuinasdng
wsIsuLe® 220 V__ 50 Hz lulasmaulnsaiaasvin

v o g < @ =~ ' a '
wihduwadongy dmuauiiensligauad wise



MIFANFIFAINTTUAERNS UWNINYIBLATUASUNTI SR

Uil 15 a0UTl 1 Wou uns1AY — WU WA, 2563
afedyanaidudagduiduinavesled i uas
nueTudn (data logger) nszualinnin19ds
nanavausinszualiiinge uazussiunIaildan
ms¥n maiiusaziuiindeyaadlumiennnudluus
azats ufntulutsssa et 0.5 ms
dledmueuiionsligaunafsidnu

K, = 05795 uay K, = 14227 s3UumIuAy
dunefmeinlnaglinaneuausinsyudluiinge i,

(1udiv) Ainnrunszualuiininsneds ()

Y

(Lﬁuﬂsz)VLéjasluamusagimﬁLLamsLugﬂﬁ' oAn) way
nszualniinn3addlasludiunssiundaedinansly
5U7 9(v) Buresineidneiiduiniaied
nszualiiin3adimieen 1.5 A lneUszunm Wil
ﬂ’uﬁﬂ%LﬁULLaxiwi’JmamﬁwmamﬁLLaﬂﬂugﬂﬁ 9
aaa%aiaaiﬂﬂLLamgﬂm?{u‘uaaLLiqﬁuﬂ'%mLaxﬂizLLa
1V\|W’m%ﬂiugﬂ‘ﬁl 10 ﬂﬁ§§UTaﬂ§Uﬂqu8Lﬁﬂﬂﬂﬂ
FUITUNIUNITIR
dledmueuitondliigaunafsidinu

Kp = 0.2349 uay

K, = 3307.1 szuumIuAl

duesimeshiNanauauInsEwatniinsa (duiiv)

AR unsehaliinnsne9de (dudse) Tuanuyey

Y

v a

Aafiwanslugui 11(n) nszualuihin3adauieu
117071 wagnsesdbinnsadalaslugiuusesunsa

INkansluun 11() nszwalwiinialidieen 1.7

35

A lagUszana wietufinsiunagsIusiunanis
naaednuansluzui 11 eeadalaalavuanigundu
vosussiunIauaznszualifiinialugui 12 nsdu

YasgunduAzinINdyIsTUNIUM TIn ALY

ada

Tun1snaass ﬁ?ﬂ'ﬂUﬂNﬁ@’]ﬂﬂQﬂMﬂﬁWNﬂ’]Lﬂu

K, = 05795 uaz K, = 14227 TWgUnduves

nszualninIaniiananiieudesnitluaniugedsi

8. dsd

3

P

{09938 UUAILANITUAYRIB LIRS AR INE

Ao =

LaEJ’J‘V]ZLIG]’]ﬂ']‘UﬂNW@WﬂﬂQ@MﬂaLLag’N’ﬂﬁﬂﬁaﬁLLE]ﬁ"?J

q

LOATLTDUADAUNANNTENINBULIDS LB LATNIALDT

AesrULduAUgenilnalela 6 67 uavdiuAui

a

a15lugauaRTAnY 2 Arfilainsiudl s
AWNUIVBINA9UA 6 FINwANAIAIUNS N UaIbY
U8 URITEUIULRE A2 LASUTEUVANNITLBUAUN

TFUN1S 6 FUNISNWHNAAY WALFILUT 2 AUsH

&)

WuAnnuesdiiniuauilingIuan  ssuuaunisia

v
Y

ulenaaziinsalifidiney nsiivualnalele 6

we{'oFLV a

i Mvhliszuvaunsdaduiidneuiiduduie
vaniiag Tenaietuldiiosann msfiarsailnans
Un 2 fhiluanssfunazainu 2 Awesianiuaud
p15ldgnund auansdsnnuduiusseninaiunas

avaunseenwuUnldmuINALIUYBIIIAIUAY

Full-wave Fl.lll-bridge Transformer
rectifier mverter LCL filter 110/220 Vs
AL 3E
Voltage A 1 Voltage
source Lo Vi source
(220 Ve 50 Hz) grid grid (220 Vyme 50 Hz)
and variac C2000 Microcontroller
TMS320F28377D

JUT 8 UHUNMNTIVIAYDIYAVIAARITEUUAIUANBULIETNaSaRe I I Wesan3aLed



36

N

Grid-current referance and
Actual grid current (A)
. o

-0 9 0.92 0.94 0.96 0.98 1
Time(seconds)

(n)

200

=)
=]
T

Grid voltage (V)
(=]

=)
S
T

200 L L L L
0.9 0.92 0.94 0.96 0.98 1

Time(seconds)

(%)

JUN 9 NaNIVIRaRITEUUAIUANBULID SN

Kp = 0.5795 uay Kr = 14227
(n) nanavausInsERaNTnnIawaznsewalnin

N3AO1989 waY () WSIRUNIALET

Save

| L i M
Wpp=a24¥ —  Rme=130v__ Hpp=s

MIFANFIAINTTUAERNS UNINDUFAIUASUNTILS

YN 15 aUUR 1 1fou UNSIAN — LUWIBU W.A. 2563

]

Grid-current referance and
Actual grid current (A)
o

0.9 0.92 0.94 0.96 0.98 1
Time(seconds)

(n)

200 T T T T

—_
=)
S

Grid voltage (V)
(=]

0.9 0.92 0.94 0.96 0.98 1
Time(seconds)

()
31J‘1’7i 11 HAMIVARBITTUUAIUANBUNDS B 7E
Kp =0.2349 uaz K, = 3307.1
(n) nampuauonseualnindauaznszualvin

N3AO1989 waY () WSIRUNIALET

Horizontal| R

=
=
-
e

=
>

FreqssfEtz

1 ~soov Ea‘“wnm E/E T2.004 B4

SUM 10 k599un3a FUdu) waznseualndnnia

Y

(Buns) o K, = 0.5795 ua K, = 14227

AsaeninaUndadlnanuananeanuAsdun aun

o

dAYNoUNTITIUANNITERNLUY  a1lnaUndes

INalADIIUIUISTIAUNWANAIGAY NIAUITINIE

Tt dukuamalunisideaninaista wazdilnads

Unavdlnallfoadeyadadounidiuasaay nsus

'
a

Wukagand1faziunlslunisiuunlnasUa

SUT 12 usediun3a @) wasnseudlnihnga
(Buns) o K, = 0.2349 ua K, = 3307.1

waulvivilvidiauauiianuUINAEAaRinTuLAL
I3 a o a  a I

Wuase wazlnanndivesszuunivannalaiegly
FLTUIN9AIUE 8T 0V0ISEUIULRE FEABILASUNNT
7599800 Nsiaeninarstnasddnaniavsduaiuiu
Fraunindsulvvesannuuiniduasatasseuu

AvANNUATEdesn M M5 BEElUSWATUNLINGT



MIFANFIFAINTTUAERNS UWNINYIBLATUASUNTI SR

U7 15 aUUN 1 1Hou UNSIAN — LUWI8U W.A. 2563

sanarndusuifianuazainlumsufoR wanis
F1899@01UNSAILALHANISNAADITUSUDIAIY
Wululalunisldauaunisesnuuumiui AN uYes

fAuAuionsligauaf

9. AnAnssuUsznA
ANZERABvevUARIYNINg ewmAlUlagg U3
Miuatvayunuideuaglnldussloviainaniud

warLAIBalalun15YIWITe

10. 1@N&E1581989

[1] G. Escobar, M.J. Lopez-Sanchez, D.F. Balam-
Tamayo, J.A. Alonzo-Chavarria and J.M. Sosa,
“Inverter- side current control of a single-
phase inverter grid connected through an
LCL filter,” in IEEE Industrial Electronics
Society, pp. 5552-5558, 2014.

[2] Kahlane Abd El Wahid Hamza, Hassaine
Linda and Larbes Cherif, “LCL Filter Design
With Passive Damping For Photovoltaic Grid
Connected Systems,” in IREC2015 The Sixth
International Renewable Energy Congress,
pp. 1-4, 2015.

[3] Xu Jinming and Xie Shaojun, “LCL-resonance
damping strategies for grid-connected

inverters with LCL filters : a comprehensive

review,” in Journal of Modern Power
Systems and Clean Energy, vol. 6, no. 2, pp.
292-305, 2018.

[4] Marco Liserre, Alberto Pigazo, Antonio

Dell’Aquila and Victor M. Moreno, “An Anti-

Islanding Method for Single-Phase Inverters

Based on a Grid Voltage Sensorless Control,”

in IEEE Transaction on Industrial Electronics,

vol. 53, no. 5, pp. 1418-1426, 2006.

(5]

37

D. Zammit, C. Spiteri Staines and M. Apap,
“Comparison between Pl and PR Current
Controllers in Grid Connected PV Inverters,”
in International Scholarly and Scientific
Research & Innovation, vol. 8, no. 2, pp. 221-
226, 2014.

R. Teodorescu, M. Liserre and P. Rodriguez,
Grid converters for photovoltaic and wind
power systems, New York: John Wiley &
Sons, Inc., 2011.

Adrian V. Timbus, Mihai Ciobotaru, Remus
Teodorescu and Frede Blaabjerg, “ Adaptive
Resonant Controller for Grid- Connected
Converters in Distributed Power Generation
Systems,” in Twenty- First Annual IEEE
Applied Power Electronics Conference and
Exposition, pp. 1601-1606, 2006.

R. Teodorescu, F. Blaabjerg, M. Liserre and
P.C. Loh, “Proportional-resonant controllers
and filters for grid-connected voltage-source
converters,” in IEEE Proceedings- Electric
Power Applications, vol. 153, no. 5, pp. 750-
762, 2006.

Manish Bhardwaj, TIDM- HV- 1PH- DCAC Grid
Connected Inverter Reference Design, Texas

Instruments Incorporated, 2017.



