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An Active High Frequency Damping Scheme for the Current Control of Grid-connected Interface
ZHANG Qi"?*, LI Rui', REN Biying', SUN Xiangdong'*, CHEN Shouluo'
(1. College of Automation and Information Engeneering , Xi'an University of Technology , Xi'an 710048 , Shaanxi ,
China ;2. Shaanxi Key Laboratory of Complex System Controland Intelligent Information
Processing » Xi'an University of Technology , Xi'an 710048 , Shaanxi , China)

Abstract: The inductor current control gain of grid connected inverter is always limited by inductance value and
control frequency as well as control delay when the implementation of digital control. There is an inherent contradiction
between increasing the control gain and improving the system stability margin of the system. Therefore, for the
problems of harmonic and stability by the increase of gain, the basic reason was analysised. A virtual high-frequency
damping (VHD) method was proposed to overcome the digital control limitations for the current control gain, and an
improved current predictive (CP)unit was provided as well. The effectiveness of the proposed VHD has been verified
by Matlab simulations and experimental results , and the current loop gain has been greatly expanded.
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Fig.2 The impact of sampling calculation delay on the system

2 G (s) B I] 88 oo AT B T, R
K B HTHE TN, X Gua(s) Y Bode EIANE 3 7, He
o £=10 kHz, L=3.8 mH. &3 F L, 4 1,2 #f
P T AR FE VSIS IR PR B S 38, & B
T RGO TSI 5 B 3T A 4505 T P U AR
o bR, MR (D) AT LIRS B 5 W %K T 15T
il 1 R G R TEER

fIHz

El3  G.(s)BBode FIZTHT
Fig.3 Bode diagrams of G,.(s)

2 AT ok 6 Rt

RS NIE ISR 2R GRS, — B LR A T
70

A R 3 Ao T B TR R, RO VAR R B
TEAEHYFIM 4% 1] (model predictive control, MPC )
rpe R R AR S0 R A JE DA e
L e g 2 o 1 B2 A7 N 29 o e e £
IR 22 (LA 1b) , 44 MPC 7] LIS 2 n T ()
HLE, IR =X
I (W =ip y(n=D+[d,(n = Diiiy ~ it ;) T,/L
(2)

X () NHF T 5 1= D N E I
AR 5 U Uy oy oA BT B2 HL R I E O R S 1)
WEIH{E 5 A SRS L 5 TR RAEJEIH , T=1/7; L A1
W HLRAE

XA B TCAR 25 5 4 1 B34 2k, an &
4R o TG 8 PR AL G, (s) R i PR A% 32 R
B Gup(s) I

k.
G,(5)=———=—
() 1+k,Te /L 3)
05T
- e
Ginp(s) - s ~157,s (4)

P g T e 3X(2)

Fl4 L5 MPCJr IEAMESRARIEIE T A 1EIR U AE E]
Fig.4 Basic theory of traditional MPC method to

compensate 7! delay in sampling path

TE 7 UK [RE BT, Gy (s) B9 Bode U0 5 Br
IR AT Ga(s)  IEIRIE(BTE 70 > TS 20,
It H G (s) 1971 SEH™ R, R WA R IG 25 T, w5 4
WA B o (EJE B T T TE RS0
(RS AE P28 25 FE £0/2 A RS s/ N, LY
T < LI RGUHATRE

g /dB

K5 G (s)f8 Bode El2Hr
Fig.5 Bode diagrams of Gi,(s)



RE S — AR T IR R R e d) B e R BRI

W A4S 2020F H 5045 F4M

AR AL 8 S A o)l R ) e i Y 2 £
Pk Z T RGeS FRAE T —A
ol A S0 sl A R R RN A BB R O 1k
HARDAESCHR 7 B, AR SCHER T T XM Tk
N T ARG MR TR)SE R K 15T 4 Hh ) 00 0T
PEAT G, anTEL 6 /i, il g 4 HhE T
FALO0ST/L AT IS o AR i B4 R 3 T
BATT, R R 2R 180 M S S A B, RS
i Ko Pl el i R AL Gy (s) ML A% 3 PR
B Gu(s) I

k,

G (S): in —
T k. T(0.5+e )L (5)

ints

~0.5Ts

G(s)= s (6
" ri"s+T5(0.5+eTs )s+el'5T‘ 6)

6 HEHAEMEE 0.5 TAZ B HEIR Ay T 0

Fig.6  Proposed predictive unit for 0.57. transport delay

G () BYBREFPEANIE 7 7, M9 T 0.5T:
AR, (1 RGEAEMIE R T G (s) IERSE
JEIFHY R T RERH G H . (HR, fEpiR
S 12 RE RS PE IR SR A TE , LI, RGEAE 7, >
05T JEATRER . N Tl RGFEIBAT , WA
T A2 6 dB 3 g 2 ZEK , RMAEAS R R HA Ay
(R BT T LATE £/2 A 3G N3 >4 i BEJE R4 R
i (A AL L

K7 Guls)% Bode K531
Fig.7 Bode diagrams of G,.(s)

3 RBAEMZHIAERET

R T A bR e SR T BT T S A AR E
(IR, 32 1 T —Fh R UL e R e (VHD) J5 3%, 1%
THIAE T Gnf& 8 R

B VHD ZEHIER Gop ()M Gin(s) 2RI RGEN

[E8  VHD IS
Fig.8 VHD control structure
H, 3L 4 1 A A% 38 PR A N G (5) o G (is) T
chp(s>ﬁﬂ‘|::—tﬁ:ﬁjf/j—;\‘ :

Gy()=0:(1-¢ ") (7)
Gal) = (®)
1+ki“[(22+5)+(f—5)e ]
ﬁ*:éﬂ‘jm}i%%&o

TE Gy () BIFERIT , RUTEIIE 1 PR G () A LZ
Gy (s) OSBRI T AT AR T 5

~0.5T,s
Gind p (S) =

-1.5Ts
s

.5 +(0.5T.+Lo)s+(T. - Lo)se ~ +e
- L6T 8" +1,5+1

VHD F A, PR A PR e FE
BRI, SPR E IR MU A RSk . HA R
SRS | A—A IO , 708 4 EE
FROT R AR A A R, PR AR AR S
H ARy T B 4 R R PRl ARRELE i (VHD) o

& 9 M 7. fH A [R] BsF VHD X} 1) 2 G A% 356 bR
#1) Bode [#] , 3 i 41 R4 it £ v] LU 4 VHD
IR . XA VHD Jr ik, B & o 138, M
Bode & 7] LA H, 78 £/2 Ab FA X 850 e Aot iee 4 1

= . 7,=0,57,0=0

X
X

IOY p "] p 3 4
10 fHz 10 10
() T,=0.57,,G,,,(5) fyBodel#]

g O 420257,5-0.005
w101 7,=0.257,,0=0.01
E ool £=0257.0-0015
£,=0.25T,6=0.02 "\~
=305 p - ] ¢
0[0 10 10 10

S-1800 1 0357.5-0,015
7,=0.257,6=0.02"
0 100 ;! 0 10

/
() 5,=0.25T i}, G, () fBodel&]

B9 VHD XIS R GEe BRifY Bode [
Fig.9 The VHD Bode diagram of system transmission function

71



wAAES 20205 %505 F4d

RE S — AR TR R R deh) B0 R BRI T

R BB FAIG, R PE ) S B ke . 721 9a
7, =0. 5T, ZEATUR £0/2 A0 18 23 Bl 6 #4 3 Jnng
ZEAE . I FHLAT AR B B F F, 24 6>0.005
BF, AT RIARAS O BRI OIAR I . DA A F 3 T
W55 R 40 AL e ik JE , RGeS K, 45 il
B 250 Y, HLARAS A S AR BE L £/2
Ab ARG R ) AR B e, (R YT A
Bl o A3, POy 1S 25 23 /NI EE 3 (R
XIS 4BH e R R GE 7 A s AR /N 3
S A TR IR PG R AR . R
THE R E I 2R B 9b P4 7,=0.25T), A
[ 9b FR AT, SAELR K T K] 9a H i 6 A RESRIEI £
M. DAL Ar B, T VHD 94, LR
FIME Z5IE R oAb, B A R IR TR0 T R
JE AP A BELJE i (S i A A P s i i O 45 g ok
SEPL XSS R R T R G R 5
4

SR

B Gy () T HUNIE] 1a FF7R B350 38 R 58 B H
T A SIS IR, Forh RO
FAEWHR I g 10 kHz, L=3.8 mH, 1a=300 V, u,
WE(EFL R 50 V. SEgRZE A DSPIEHIPE- it

110 S AS [R5 il 245 22 [ A B b . 45
il #5325 kabm LA JE H KRR, B k=k, - (TVL) o
R I Lo Frs A& G807 1 il 4548, B k=0.8,
t,=1 250, i B I AN 10a fif s o X FAR
i3 25 R G0, AR I 7% i LA BRI T 176
b (29 1.33 kHz) YIEE fr AR K. X RS AE
ik 325 8 A, 2 i B ) 3R 9 A R i B, DA 9%
352 IR ANREIT R, ARSI K I 3 kL B
G R R, VLA TEAL 52 (P) B i 45 0 1Y
EEHF kI SR BUATEFRLRAR /N o R SR
PR R o] 3 S P RS A [ R T Sk P s il e 44
25 Z BRI, 51 ALNE 6 A7 B HL I B BT )i
B AE KGN ZE 1R o 08/NE L TR, FLR I
P 10b A7 o AR R 3 250 PT LA AR B
BN AR I I B ek e T
A5 BB, Y4 15 k4RSS e, AR
DL R s i ke A iR L LR A R, W [E] 10¢ B
Ao KR R 1R FR I TI0N BRI R AL R AR T vk
a5 FR T — R g il e L AHLPC W
M =AHE L, A VHD J5 , 24 6=0.01 B}, k7] L2k
SEHAR YEIN A 1.3 B o 08N 2 0.77 T, A& 10d
FIE7s , B AT R R , 23 R ARG , BERHARARAS

72

#ms(10 ms/A%)
(a)7,=1.25T, k=081, F A (P)H il %
il e i i 4 S FRL AT
l“

#/ms(10 ms/k%)
(b) 7, =17, k=11, JATI 5
it ) — AL TE
I, Uy,

A
@} 2
#/ms(10 ms/f%) N
(€)7,=0.9T, k=115, i ATl
e e ) AR

i, [

HLFE/mV(20 mV/#) HLF/AQ AZRR)

t/ms(5 ms/f)
(d) 7,=0.77T,,k=1.3H.5=0.011F,
THUNANV HD A il L DT

HLIE/mV(20 mV/AS)HLH/A(2 A/KE)

/ms(5 ms/)
(e) T,,,:o.zssf, k=3.5 H.6=0.0285f, FA7HL
FRBIN AV HD il L R

H1E/mV (20 mV/E) HL/A 2 AZR)

%WM’WMWWW

tims(5 ms/f) .
(0 7,=0.263T,k=3.8 HL.5=0.021F, i)
FIVHDE Gl s B I
ln

i i

Vg /

HUIR/MV (20 mV/AR) HLIT/A 2 AVK)

FAND

t/ms(5 ms/ff) .

(2)7,=0.263T,, k=3.81/]N & Tl

FIVHDE il 1 AR
7

u
/ Uy,

| .

t/ms(10 ms/F%)
(h)7,=0 2857,k =3.5H.5=0.02 ff,
AUV HD4% il it e O T

P10 Rl 2 0 TP L

Fig.10  Waveforms comparison between different controllers



RE S — AR T IR R R e d) B e R BRI

W A4S 2020F H 5045 F4M

Hm o, HARSEHE K &, REEATEE , WMk 5 %
I, H B R DR, Ul Il o 1 £ B R A2 e
PR 6 /NG BRI o PRI, AR 2R 38R 6 2 0.02
I, A HUEE YR, kS8 N2 3.5 Bl 2, )8/ N2 0.285 T,
i, 4ni&l 10e B 100 fs , R G4 A A ikt
B AT ORIFREAE o AREEHE R K ZE 3.8 I, FLIR
PBIE A4 , A 10 s M E RIS 25 & F
W 0, R G e KR R G, AR 10g B o LA
LUEITINA VHD Ji5 , B o B2 8 o, $ il 4
fi kIBUESE YR, IEW] T VHD J7 % 80 35

5 %

AR SC I T AL GE ) (P) 456 R G A7 AE Y
TRV [ A0 R 0 45 ) 2R 4 TP A RO P I A,
T DRI B ] 1 T T R A T BT A R
O 1 A1 L2 7 9 R 4 R R 4 L 1 £ 1 SRR
Rl , 33 b 7 925 3 5 2 A% P f7s o 25 110 45 A B T
o FRRPTEE N B 5  FEASE I R Gk MY
T LN T P S E I E R, LB S R s R
ZE/IN v SO PP B A T A P e s T
PIFRE), Sege 2 AR, VHD J5 ik CP ik 2
AR AR R GRS 5 SEHL, X
(AR TEAR S S o P A At TR R FH 8

S0k

[1]  Buso S, Mattavelli P. Correction to Uninterruptible Power Sup-
ply Multiloop Control Employing Digital Predictive Voltage
and Current Regulators [J]. TEEE Transactions on Industry
Applications, 2002, 37(1):1846-1854.

[2] Sakda Somkun, Viboon Chunkag. Unified Unbalanced Syn-
chronous Reference Frame Current Control for Single-phase
Grid-connected Voltage-source Converters [ J |. IEEE Trans.
on Ind. Electron.,2016,63(9) :5425-5436.

[3] Yan Qingzeng, Wu Xiaojie, Yuan Xibo. An Improved Grid-
voltage Feedforward Strategy for High-power Three-phase
Grid-connected Inverters Based on the Simplified Repetitive
Predictor[J . IEEE Trans. on Power Electron.,2016,31(5) :
3880-3897.

(4] XZL, skmese 28 . 0 H T =R IR 5028405 7Y LG B X0 4
PR L], B AL TR, 2015,35(8) :2026-2031.

[5] Lascu C,Asiminoaei L, Boldea I, et al. High Performance Cur-
rent Controller for Selective Harmonic Compensation in Ac-
tive Power Filters[ ] ]. IEEE Trans. on Power Electron., 2007,
22(5):1826~1835.

[6] Lascu C, Asiminoaei L, Boldea I, et al. Frequency Response
Analysis of Current Controllers for Selective Harmonic Com-

pensation in Active Power Filters [J]. IEEE Trans. on Ind.

[18]

[19]

[22]

Electron.,2009,56(2) :337-347.

Wang W, Yan L, Zeng X. Principle and Design of a Single-
phase Inverter Based Grounding System for Neutral-to-ground
Voltage Compensation in Distribution Networks [J]. IEEE
Trans. on Ind. Electron.,2016,64(99) :1204-1213.

I, AR AR, 55 . BT LCL AU AR S ek
o PR FIFEmCATT) ], 518, 2014, 51(21) : 74-78.
Zmood D N, Holmes D G. Stationary Frame Current Regula-
tion of PWM Inverters with Zero Steady-state Error[J]. IEEE
Trans. on Power Electron.,2003, 18(3):814-822.

Xu H, Hu J, He Y. Operation of Wind-turbine-driven DFIG
Systems under Distorted Grid Voltage Conditions: Analysis
and Experimental Validation[]]. IEEE Trans. on Power Elec-
tron.,2012,27(5) : 2354-2366.

Wang Q, Cheng M, Chen Z, et al. Steady-state Analysis of
Electric Springs with a Novel & Control [J]. IEEE Trans. on
Power Electron.,2015,30(12):7159-7169.

XU AR 2 S B TR R G S A AR S
M= ARGAR K RGE Y IR S SR ()], o T R 23R,
2008,23(12): 130-136.

WRAR K ZERH BRI B . A5 LCL EUR A 1 I D00 335 28 28 B 37t
RAFAE R R (7). P LT R 44# , 2013,33(9) : 10-15.
Nian H, Song Y. Direct Power Control of Doubly Fed Induc-
tion Generator under Distorted Grid Voltage [J]. IEEE Trans.
on Power Electron.,2014,29(2) : 894-905.

VIHERS D7 M AR . LCL UG AT URBEL e 45 il ML i) B
FEl1] P ERBLT R, 2012,32(9) :27-33.
Gonzalez-Espin F, Garcera G, Figueres E. An Adaptive Con-
trol System for Three-phase Photovoltaic Inverters Working in
a Polluted and Variable Frequency Electric Grid [J]. IEEE
Trans. on Power Electron.,2012,27(10) :4248-4261.

He Jinwei, Li Yunwei. Hybrid Voltage and Current Control
Approach for DG-grid Interfacing Converters with LCL Filters
[J]. IEEE Trans. on Ind. Electron.,2013,60(5) : 1797-18009.
JESRIT, B2 BRMEAR | 4 . LCL I W30 25 25 A 0 k0
H O S B A DR BEL e B ) O vk [0 L b AL TR A R
2016,36(10) :2742-2752.

Mohamed Trabelsi , Sertac Bayhan , Khalid Ahmed Ghazi ,
et al. Finite-control-set Model Predictive Control for Grid-con-
nected Packed-U-cells Multilevel Inverter[ ] ]. IEEE Trans. on
Ind. Electron.,2016,63(11):7286-7295.

TR RIS WRIERE . JCBHJE LCL JE B D F AR i i A
TEPEFE AT ], i THORA1Z,2012,27(4) : 110-116.
Kojabadi H M, Yu Bin, Gadoura I A, et al. A Novel DSP-based
Current- controlled PWM  Strategy for Single Phase Grid
Connected Inverters[J]. IEEE Trans. on Ind. Electron., 2006,
21(4):985-993.

AT, i, 0, A5 L — AR LCLUEN Ao S
BRI e Rl [V ] B TR 21, 2014, 29(6) : 71-79.

Wik H 1:2018-07-21
&R H 1:2019-01-14
73





