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Robust Control of a Grid Connected Three-Phase Two-Level Photovoltaic
Inverter

Kyung-Pil Ahn' and Youngll Leel

Abstract

This study provides a robust control of a grid-connected three-phase two-level photo voltaic inverter. The
introduced control method uses the cascade control strategy to regulate AC-side current and DC-link voltage.
A robust controller with integration action is used for the inner-loop AC-side current control, which maximizes
the convergence rate using a linear matrix inequality—based optimization design method and eliminates the
offset error. The robust controller design method considers the parameter uncertainty set to accommodate
parameter mismatch and un-modeled components in the inverter model. An outer-loop proportional - integral
controller is used to regulate DC-link voltage with linearization of DC/AC relation. The proposed control
strategy 1s applied to a grid-connected 100 kW photo voltaic inverter.

Key words: Photovoltaic inverter, Grid connected inverter, Robust control, Linear matrix inequality (LMI)
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Fig. 1. Topology of the 3 phase 2-level PV inverter.
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Fig. 2. Conceptual diagram of PV inverter system.
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TABLE I
DESIGN PARAMETER FOR ROBUST CONTROL i
]

Category | Element | Value ;

LC filter l L <IL<5L mmmnrieee Gl Voltege RS A i w
Parameter | reactance | 5 ° o > = : l/k :
uncertaint | LC filter 1 u..“........ﬁm._.-. HHAM :
y parasitic 10 B <R<10R, TR, A A A A ————

resistance

— 0.69 —2.25 —0.05 0.02
RObtuSE K {2.46 069 —0.02 —0405]
C‘;f‘; ireot r [ 0.98 0.07]
coeticien —0.07 0.98
Outer loop
design | T, 0.1sec
parameter Grid ‘;’uhmjr RS Al
Outer loop | k, 0.252 ot ‘/ : : W
P . - a
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TABLE I
DESIGN PARAMETER FOR TWO-LOOP PI CONTROL
Category Element Value g
Inner  loop | K, 0.4167 }
PI(pole/zero !
cancelation) ki 16667 ‘ vy, Volings
~ Gl Volinge RS
Inner loop PI | K, 04167 h‘:’/ s : {
(manual X5 70
tuning) k; 16.667 A
T i, SE
Outer  loop st 0.1sec
design]|declink rated
. 500V
parameter voltage
Grid pahse voltage | 167.4V 4
Outer loop kp 0.504 ;
PI controller | £, 25.9 ] 2PV Vlirge
Grxd ‘-"nltng# BS
"4 1
ANTININN S

TABLE IV
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Fig. 10. Sudden change of PV power graph at entry
(upper) and at return (lower) with PI control of manual
tuning method adjusted. (pv/voltage: 200V div, grid
current: 50A div, time: 20ms div).
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Fig. 11. Sudden change of PV power graph at entry
(upper) and at return (lower) with Robust control

method adjusted. (pv/voltage: 200V div, grid current:
50A div, time: 20ms div).
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Fig. 13. Instantaneous Grid under voltage graph at entry
(upper) and at return (lower) with PI control of manual
tuning method adjusted. (pv/grid voltage: 200V div, grid
current: 50A div, time: 20ms div).
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Fig. 12. Instantaneous Grid under voltage graph at entry
(upper) and at return (lower) with PI control of pole-zero
cancelation method adjusted. (pv/grid voltage: 200V div,
grid current: 50A div, time: 20ms div).
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Fig. 14 Instantaneous Grid under voltage graph at entry
(upper) and at return (lower) with Robust control method
adjusted. (pv/grid voltage: 200V div, grid current: 50A
div, time: 20ms div)

9. 1) 7 A% 0 AT £ 49 B

# 5 PV ABHolE7 enrER AHse 44
of BAARAT (8 ol FFZ P Aclel A%
A SR AR HET B A 29090] 4
A% 9% na7l5o] 9%

&

ot o o ji

78 over current

PP U 1153

°olt})

Deadbeat #]¢]7] = 2}
240z We NEAAE AT AR AW
N;(ﬂ zﬂx]— xﬂloﬂ/\ﬂf E]-F'JU]E
Aol Hlsl ZedAe] WHS LML 7|3k F

Aefle gatage el 4

—l

=y
>

2
U

o

EHEHHE JOJ?:}—% Oif
& gn % geel 443 ARE v

AA sEeg R Ao xR
2“4011 = %E g JenE A fﬁ_%“ﬂ
A g8 5 Q= 2 Aoj Aol 3

o

HU

LI

L 2o

fol

ox, off
m o L
Mo o
AU )

e

2

Ht >

—“u—“é

RS o o 2 > >

o

i

r
S

ghH Alg AdH] Alefo] uwhE} ZhEFslA o] Fol X =)
oIHEl &% tiv] (100kW) & 3} (20kW)olA 43
A EYolEge] FH Fo7 AF 9o

5910
THD7} =2 A7 Al FFdl= A4 &FlA
Al S 48 P W 2ed dF THD 22
WY Fdol i e F4ol FrhHor s34 2
27t dvtar A7k Hloh

= 7= MEatelsdstn ud steoT

References

[1] “Global trends in renewable energy investment 2013
http://fs—unep-centre.org

[2] “Trends 2013 in photovoltaic applications - Survey
Report of Selected IEA Countries between 1992 and
2012, http://www.iea—pvps.org

[3] F. Blaabjerg, R. Teodorescu, M. Liserre, and A. V.
Timbus, “Overview of control and grid synchronization
for distributed power generation systems,’ IEEE
Transactions on Industrial Electronics, Vol. 53, No, 5,
pp. 1398-1409, Oct. 2006.

[4] “The german BDEW technical guideline for generating

plants connected to the medium voltage grid,”
https://www.bdew.de
[6] “VDE-AR-N  4105: Power generation systems

connected to the low-voltage distribution network,”
https://www.vde.com
[6] “JET’s certification - Grid-connected Inverters (Power
conditioners) for small disiributed generation systems,”
http://www.jet.or.jp
“JEAC 9701-2010 SA#GHE-ABRE,” http://www.denki.or.jp/
[8] T. Kerekes, M. Liserre, R. Teodorescu, C. Klumpner,
and M. Sumner,

—
3
=1

“Grid converters for photovoltaic and

wind power systems,” WILEY, ISBN:
978-0-470-05751-3
[9] T. Kerekes, R. Teodorescu, C. Klumpner, and M.

“Evaluation of three-phase transformerless
photovoltaic inverter topologies,” IEEE 7ransactions on
Power Electronics, Vol. 24, No, 9, pp. 2202-2211, Sep.
2000.

[10JA. Timbus, M. Liserre, R. Teodorescu, and P.
Rodriguez, and F. Blaabjerg, “Evaluation of current
controllers for distributed power generation systems,”
IEEE Transactions on Power Electronics, Vol. 24, No.
3, pp. 604-664, Mar. 2009.

[11]E. Twining, D. G. Homes, “Grid current regulation of a
three-phase voltage source inverter with an LCL input
filter,” IEEE Transactions on Power Electronics, Vol.
18, No. 3, pp. 833-89%, May 2003.

Sumner,



548 The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 6, December 2014

[12]L. R. Limongi,
current controllers for three-phase active power filters,”
ISIE 2008 IEEE International Symposium on Industrial
FElectronics, pp.136-141, Cambridge, June 30 2008-July 2
2008.

[13]A. V. Timbus , Ciobotaru M., Teodorescu R., Blaabjerg
F., “Adaptive resonant controller for grid-connected

“Performance comparision of DSP-based

converters in distributed power generation systems,”
Applied Power Electronics Conference and Exposition,
2006. APEC '06. Twenty-First Annual IEEE, 19-23
March 2006.

[14] T. Ide, T. Yokoyama., “A study of deadbeat control
for three phase PWM inverter using FPGA based
hardware controller,” Power Electronics Specialists
Conference, 2004. PESC 04. 2004 IEEE 35th Annual,
pp.50-53, 20-25 June 2004.

[15]P. Mattavelli G. Spiazzi, and P. Tenti, “Predictive
digital control of power factor preregulators with input
voltage estimation using disturbance observers,” IEEE
Transactions on Power Electronics, Vol. 20, Issue 1,
pp.140-147, Jan 2005.

[16]Y.A-RI. Mohamed, EF. El-Saadany,
deadbeat current control scheme with a novel adaptive
self-tuning load model for a three-phase PWM
voltage-source  inverter,” IEEE Transactions on
Industrial Electronics, Vol. 54, Issue 2, pp.747-759, April
2007.

[17]1S. K. Kim, S. Y. Son, and Y. L Lee, “Use of the model
predictive controller in the two-loop control of a
three-phase  PWM AC/DC  converter,” International
Journal of Control, Automation, and Systems, Vol.12,
No.2, pp.340-348, Feb. 2014.

[18]H. Komurcugil, and O. Kukrer, “Lyapunov-based
control for three-phase PWM AC/DC voltage-source
converters,” IEEE Transactions on Power Electronics,
Vol13 , Issue 5, pp.801-813, Sep. 1998.

[191VM. Moreno, A. Pigazo, and A Dell'Aquila, “A
comparative analysis of real-time algorithms for power
signal decomposition in multiple synchronous reference

“An improved

frames”, IEEE Transactions on Power Electronics,
Vol.22, Issue 4, pp.1280-1289, July 2007.

[20]H. Shan, Y. Zhang, Y. Kang, X. Kong, and H. Lj
“Research on one-step—delay effect of digital control
PWM Inverter,” 31st International Telecommunications
Energy Conference, 2009. INTELEC 2009.

[21]P. Cortes, and J. Rodriguez, “Delay compensation in
model predictive current control of a three-phase
inverter,” Industrial Electronics, IEEE Transactions on
Vol. 59, Issue 2, pp.1323-1325, May 2011.

[22]]. S. Lim, C. Park, J. Han, and Y. I Lee, “Robust
tracking control of a three-phase DC-AC inverter for
UPS applications,” IEEE Transactions on Industrial
Electronics, Vol. 61, Issue 8, pp. 4142-4151, Oct. 2013.

et A(Rz i)
198201 72 8YUM. 2008 A2bEt7| ST

HolAZEzstnt 2. 20144 MEntst|=

ol 2l (F8es%)

9634 52 16°'¢§ 1986 M2t Ho{AH
I £ 19884 & & MOAS
AP. 19944 = Cf st Hof
ZE(34h. 19944 ~20014 78
T Ho22AA”H I3 2
HEE 2 International  Journal of

Control, Automation and Systems Editor &¢l, 20014 8% ~3
AN Mens|s M7\ dESstat m

o L
=l

B
I

e
e

s
i

OH

=

ok

>0z % 1ok OH
20
ol
I}
Bl T I

Mo oY





