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Design of Three-phase Four-leg Inverter Based on Modified Repetitive Controller
SU Mei, WANG Hui, SUN Yao, TAN Jun-min, YU Jing-rong, GUI Wei-hua

(School of Information Science and Engineering, Central South University, Changsha 410083, Hunan Province, China)

ABSTRACT: A design method based on modified repetitive
control (MRC) for three-phase four-leg inverter was proposed,
which can effectively suppress the output voltage disturbances
caused by non-linear loads. To make better tradeoff between
the performance and robustness of repetitive control, a
low-pass filter with zero-phase-shift is added in the
compensation unit to increase the freedom of repetitive control.
The zero-phase-shift filter is optimized with the target of higher
error attenuation rate and less complexity for the filter design.
Robust stability for the system is taken into account as the
restriction, and particle swarm optimization (PSO) is employed
to optimize the filter. At last, MRC based on optimal and robust
filter with zero-phase-shift was designed. In the proposed
controller, error from system modeling is taken into account, so
the controller is of great robustness, and it is convenient to be
applied in industry. Carrier modulation strategy is used in the
modulation layer for three-phase four-leg inverter, which
maximizes the utilization of the DC voltage, and no more
complicated data process is necessary. The theoretical analysis
and experimental results on a prototype verify the correctness

and feasibility of the proposed design method.
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leg inverter in a-f-0 coordinate

AR s (045 1 7 58 b 2 ) AR S M S
TE o AN SCLAANTH] T HL Y5 (uninterrupted power system,
UPS) WSS, 15 UPS MM A, % v s i
o R LR R SR AR . i A BURE RUAT
UPS B3I 0 3 25 5 1 FONRTRREME 1 28,
LN 3038 gt L S AN AE SR RN P, = A
IR A BT R s MR Re AR, [R)D et
ARFR R B PL 2l i B 1 AR AR 2R T (1) LU PR
il #% (proportional resonant, PR)IJAEHNAF R 4F 1945
IR 28 2 B = AHGNEART IR, I AR
ekt AR SRR IR o &, SR 2R B A
B8 3 RN T R R . AR R A A L
JESVE SRR, IR O AR 0 47 TR R P e K
ARG RGEPGE BN A D e bR AR R, P HI5R



55 24 1

SRS T OSCEEE AR A ) — AR DY L AR e it 31

WS IV SEAR R 2%, BIER AT 2 LB iR 4%
PR BT BT AR AR R PE K. AR5 3 RAHK
T, —AHPYZE UPS ffz i H Ay o i i i 4
100 22 v s IR R A R 38l BIEEK UPS
0 L AT RR (0 R I AL, SRR LA
BEP AU WA B (AR Ltk F P S B8 8)) . Bei,
PR S S UPS dc A7 R 1428 1l S s

2 MRC #Jigit

21 EEHIREE

F B A H AR A A B AR AN S AN T3
SNFITEOLT, BRI HN AR R RENE AR R e
PRI B AR5 BERER S H L. Rz m s
RGO A fr Mt tl R U0 oAy ABE S B ] 4%
ARGyt AR LA . AR B R fR IR 2%
fHTi B B s “RUEN” MM ARG, W
BAZ R Gt AR R RS IR E IR S 5 5.

T BB, RS R
EAIAEAE I B AT, IR RE - AR AR AR
IG5 FRZI T IRA IR R G,
PR R g8 BAT SRR AN S 2% JA) 14 sl ) J) 301
PESR AN S AE Sy, IRy R A
ST IR KB R G WIS 3 PR, K R2)
HENS S, Y NME S, DE)A T
MG, GeNERINS . B3 PRELHRT AER
g, o, Q@) H yms /T 1 BeikiE
JEWES, ke NIEHEL G WEXHERIN G G2)
B HIAMEIATT

3 EREHIRGN

Fig. 3 Structure of repetitive controller
WZEE T RN T, BEERGHIRFE
W, T, H NT=T, N %, RIEE 3, =%
{55 E@N

1
E(z)= HQ(T(Z)[R(Z) + D(2)] (7

Kb G EEEGILIERE, H
Q(z)szkaX (2)

G.(z)=1+ = ®)
1-0(2)z
KRS RGN
G()=—t ©)

1+ G.(2)G(2)

MIFT LSRGyt i IR R R b
HRAE R 9) T3

_ -N

G.(2)= 1-0(2)z (10)
[1+G()]1-0(2)z " [1-k,G, ()G, ()]}

R G2y A AT A 5 ) 35 00 B 7

%, H

G,(2)=G(2)/[1+G(2)] (11)

 Gol)RRE N, d/NgEsE BT, Gyz)
R 789 A2
10(2)[1-k, G, (2)G, (2)],, <L, z=€'"" , we[0,7/T,] (12)
¥ 0@)=1, 4 w=2kn H. ke[0,N/2]i, B
Z: 7% BN 5 A (PR, IR X (12), TS
2 Ge(z)=0, W FR L e TOAR A% 22 1 BRI A 1Pt
e MHSE b, B RGAIEN, LA2)TCiE
Ao HEA2)n A, WUTHE I Oz), FEAT]0G) <1,
AR RGN E ML, (S G () LIER S T
F, IR T — @& 3R R, W Q@) Bty
IR RS e tE AR IR R AT b

é\

H(2)=k,G,(2)G,(2) (13)

A IIYE S AR5 5 AR 0 4 2kn/ T,
H ke[ON2]I}, ¥ z=elh= 7N 2 N (13)F1
X(10), WHERH G(2)IBEN

2k

_ TN - 1_Q(Z)ll 1 |
G, (2)HG, (e ¥ )l 1+G(Z)” I—Q(z)(l—H(z))l (14)

R LL_LAMHT, A P IS R PR
FIVE RS AAEAE TG, DRI A2 42 6 B T LA A g4
J— ARG, AL B bR Ao R
PEAPER (1) IRTER T, T AESE L B % sk 3 1
B EREAR 2 T ML, R

J =2 W 1G.(2)| (15)

keS
A S ERIREEES: WOMBRE, AR L
BRI R
22 fRUEHETRGIERSE

FUAR, R H(2)=1, SARTT LA RS
ROEPERER . [N, #5 0@)=1, WRGRSEH
EFEE, RS FRAMEME. T SERR R AR
SHORZE . R ZE, IRAMERERISRIL Gy(2),
TEVEVHIE A IS B O() A B A IE I kA REAT
FORE. NIRE RAN IR LAY, SCHR[19]42
TRARRORZE R v, X T /IMALL RS, IR
Gx(2)=G,l(2) , HoH Gl (z) h IR RGe 4 Sk R A




32 S L O %30 %
B B L, WRGL()=G,'(2), Wa0<k<2  HME GEMMIMIER T REMEGEE, S T

RGkE, H k=1 BHEZERSumR. T Q@)% &
SRR RESE AR K, AR Q) Wk i B b s il 2
R PER s HIPE e 7 & 4E Gu@) Bt g
H—NEWE, BEI— MBI S Glz), 1
G, (2)= Gy (2)Gi (2) (16)
G(z) W 1T AL 2 A5 s A B ik H(z) i 3 % sk
G NABIR A, X SEARURI A b4 s A £ S
LU ] (RP 7 e A B A A b R AR BRI /N o X
O@) I+ H B BEROR, n] LUSEEIL S 4 (il M fe
H1 Ge(z)IB$5 o 1730 (1) — i al — B ICam e 2%
EWEAR T INMAROIH G, Rtz At
RYFENE, B Glz) Wit AL IE P Ay, AR
sl iy b
ZO: aizi + ibizi
Gf (Z) — i:—DO i=l

D
z a+) b
i=1

e a B b W ERMLENREREL L asbs %
HIBLIE B 1O 5O 2D+1.

TSI Q@B T 1 B O,
BRI GBI AR

MinJ; =J+wD, @<[0,0,] (18)

At w O BUREL. i T ARG 3 453 T
S5 A5 D WHATRALE . oo TTRRRSEERHTSL
L. A B B S AT 2
ST AR FBR B HIRL IS 3 4 56

é\

(17)

G (2)= G (D1 +W (2)A(2)] 19)
X W) AREBRZMRAE: A0 PAL IR
Rt
HARIE RGEMFR e PE, AL R R 75 35 2
K(12), FAHCAKX(12)7

1= k.G ()1 + W (2)A(2))| < % (20)

RILY RS AT N
1+1/6
1+ (2)| @1
A )R R R AL B, I ORE AR
AEAT LA i 2
2.3 Q(z)Hgit
Q@)L RE M RS0 (Ae e TR i fE
HAS e Rt fe 2 RAEE X I« /£ MRC 1,

|Gf (Z)| <

Ok FER M.

WL QRIEB T FAE: 1D EHCA/NT 1
MIHHG 2 BRI PREIE RS -

T3 SRR SE (3 LA A AR G s v e, (H
GRS 2, Glo)Wil B A% 7 P RE IE 4
MBI A, (HUEDE AR 07 o . 00 S5 S 4
FRAN R, HON AR UFAE w30y b 2 vk R 7 A7 TH A
B, AR T2 TR R BT O A % . WAL,
TR THEA T, B4 4 TR Q@)IEIUT &
XV R Gk RS L o, LA s 2k AR3R O(2)ik
TR L, BLRIR 0(2)=(0.5243+0.52")/4 1%
o Bl 4(a)FR7RTE G2)I Q@) [1-H(2) AT M
Kl 4(b) £ R G2 O@)[1-H(z)]HIH A i B,
A)RKINT Gl2)i Ge2)AZm N, & 4(d)EK R
G2 Ge()MARm N, i G() AR =
WA o

10— 1.0
X / X
205 .gw///’,

0.0 0.0

0 100 200 0 100 200
WAL W IRE
(@) & G Q@)[1-H(z)] (b) H G Q@)[1-H(z)]
1.0 1.0
i £ .
§ 0.5 § 051 e
0.0 0.0 L=
0 100 200 0 100 200
Lt 2V Lt 274

(c) TG Glz)M 1 Ge(z)
B4 SnEmmpE
Fig. 4 Frequency response
K 4 01, BT G2) H Q@) 7 & I,
RYHIRS e R R, TR 1 BE A AT i K
24 MRCIgitR
MRC IS8 AT 1) SR IE 2 i S ot
FERMEF RGAGE, T ORUEE = B PR AT 58 LS
W RGP R 8. By, AARKH % S SR G
P2, T s AR TR S AR R e B
NEIRRE R B AR TR AR E, BH T
FOER, H k BERERHAR N 2) FREHE TR
B A7 LI R AR IE I 388 Gi2) R Q)71 58, BARE
IEADATSE AT | PR B 1o/ & P (BN Ea I a8 = el 2
KT IR, AL T SCHLE A 1) f )i
T 37 B S B e X 2 A A A R A ) A e
ZHUH.

d) H Gl2) I Guz)



55 24 1

SRS T OSCEEE AR A ) — AR DY L AR e it 33

3 Z=HHMZiETEERRY MRC RitT

DU LIS AR LRAE a-B-0 AL bR ZR AR T S A

mr, H
u, Lsiy,

LCs* +1 LCs*+1

AT 8T, SRADIRES S imt il 2% (ElR
EEAG sk o34 24 ) AT LAY Bl 4 3 e R i dee PR
mi R BRI, AR DY LR AR g Rk R S
PR S A S s L RSB, R R S5
Wl s pos. S, IR R g R 41
AR R AR R AR AR, IR RS e A i
i RGN R, JERIE RS H A & 1E 1 IR
B, RURE ki~ ky WIS B s R
2R BRI ) S BRI %

g, () = m=a,f (22)

--------- ke
e B Uy " il " "
c i 1 cm
Q] bl r0o L [H205 )

El5 ZtAMZiEERzH RREE
Fig. 5 Diagram of controller for three-phase four-leg
voltage source inverter

ASCRIT AL AR RBEE, FETR
A SR 0 FR g8 I 2 bR 2k
u k, ]

o = . (23)
u,, LCs? +kCs+k, 52 +277a)ns+a)§

EH AN R GE () Ry e AR JE LE, gt mT LA
SEFN ) SR R ki kyo ASSCHETT RO = AH DU R 15

BIRARRSHNE 1 Pow, NI b kb BUEA
ky=2n/\JCI(Lky) » k,=LCa .
FRAEEE 3 a5 i E B as A et I,
IR AMES R 5 3R ke=0.6, H.
G (2)=103(z* 1.4z +0.5)/(z + 0.8) (24)
0(z)=(0.5z+3+0.5z7")/4 (25)
G, (2)=(30.52° +18.0z° + 5.6z +25.8 +
5.6z +18.0z72 +30.527°)/134  (26)
F1 ZHNZETRRAASH
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