EIBEETH
2013 % 7 R

2 0 @

% L & &

Electric Power Automation Equipment

Vol.33 No.7
Jul. 2013

HL it SRR Bl il s R 58

EEI VRN

B AL A

(ERKRF MRLESERAALLASHBARABRELEZEE TR 400044)

HBE. #s h B =g XA vER X TATHALREL LG =8 AR PWM BAS
Rk PL 4% ) 55 55 I ) S A5 o B OGS AT Ae FA M b R AR T
B, ATELEALAK T AR E L0 L4740 R T 4
LR ERG AR PWM A B SR AL, F@NK2 T PliZH
ZEE A X T AN G RAARN A
HHEMGAEESH BB A B RHEREN TR XTFELTAN,
= kAN Bl R R K

)ﬂ T % /nu.T. ]EY] é‘( Qlﬂ%] é’j Jﬂ%i—‘%mu;};%]

A2tk kB2 4 T B TMS320F2808 %
v R 2 B R =/ AR IE AR A B Ty ik
ARl R B WS AR BT,
KR, ERE, H 7 ‘;E'J/@éﬂ ‘@mu’};%];

FEASES. TM 46 XEkPRIEAS . A

0 518§

R T HE K Bl g H i 2 £ A5 A sl o st 4
— R =B Fe e RS K i R T S
2H ity LR b T A 70 P A Lk R R D) T R A
JEFE L i Ja /N TR e Y SR g L 2R M i
J B R G X AT A B R R R AR T AR R
T 1) R A B A A A 4 T O A A LA R TR R
B HL R R PWM L A8 2050 LU R PWM K I 4
@WM%MEHE%%%K.%N%mﬁ%@ G2
JETY PWM 23 i D FEL I 3 IS 235 4y 104 15 3355 12 D &R 48
BCR Ty LT PWM-CSR, H H 5 A e & HL )
FE R W (L, o7 Tt 2 ity P P AEG T i T Pl R (R 3
o T — R AR AR, HoFL R B PWM 3
T R FH R H A U8, b T /N T ML R [A] FE 25 ST
XFHL Y s 7 X A AT I AR . PWM-CSR
B L O N SR ) R R e AN TR EEUE AT WA | T R
P, BEE AR 4l — Bt X e PRI ) 4 g i 1
i HL I A R R T N FE R A Y OF HAR TR
o B R L T 4 0 91 L PR T 0T AN ) L R S5 0 1) v
RILLEZE I N E

PWM-CSR M dE & MG RGNS, HiEEHE
il 0 0L PA 24 4 il 3R 8 1 S8R T AR 0 A A TRME
T2 AR A5 1R 1 v R R AR IR AR T XS e A
5 0, A% SCR FH 8] 422 i, 8 42 11 56 w52 30 100 N 5457 3
RN, SCHR[9-10 W98 T HL R R SRIR 2RAE abe 2B bR
RS RS ITT: , PWM-CSR ) — 12 5 42 il A [7]
THL AL PWM B3 a4 1Y 2 A e O kAN g
BN HF PWM-CSR, A SCEE X PWM-CSR ) =12

Wi B HA.2012-06-10;1&E B H#.2013-04-07

BEE&£TH . Pt A m L5 F 3R B (CDJXS11151156)
Project supported by the Fundamental Research Funds for
Central Universities(CDJXS11151156)

SHER B

AT = ﬁ%ikﬁ%?%%m%%ﬂ%ﬁ%
o \"*E
/ﬁ—!FxL HONE V‘] B ?I/K!Fx’]

DOI: 10.3969/j.issn.1006-6047.2013.07.014

BRI AR A R A% G v T R B R R O i MEAT T
B IFAE = AR R AR BR R R T T L TMS320F2808
R F B9 =4 PWM-CSR 76 Hi, 285

1 =% PWM-CSR [Bl#Z it = R 128

A PWM-CSR 43l g it v 28 69 L % G el 1 B
7, 28 =R A N A ) 4 ) O R AR
E,=RI +jwlLl ,+U,, )
I.=1,+1,=0CUg+I,
Hrp nhab.e, L, MMM o FERAEE, N n
AH U L % 55 U, A LC WS A n AR 28 il R
T, RSN o AHHLE R &R A A PR A
BHL 5 €l A2 30 O 08 0% 25 50 o FL IO FEL S 1Y) 00T %%
Vi, 4 B U 0 R R 22 i A 2l g H AR A e
T ZH PR R, FR I A Tt 2H S R U, T LR

AT 3
x|
v , , i
'4‘1 ] {inj A2 V-Fll V-|B V—‘lkﬁz bl
Ly il
Vic iy s []Rﬂu
lla <>+ :
; U,
V V T2 B
Vel Ul ”F’ "Kﬁzw Vo
= i

1 =18 PWM-CSR 3t F& 8 %
Fig.1 Three-phase PWM-CSR charging circuit
VL a A0 1), 5 TE 20 2 P BCRSAE | B8 i 1 HL 2 v
U fe P o0 P L A PR R PR 2T PWM-CSR B AT
AT DA R TR B RGEAs AT TR
AR RS I8 AT I S M R 1, B9 1, v 5 LC
UE e A% LA WL I, 19 1y 438 K/NAR ) EL 7 18] A1
B, a2 iR B U, e M LC T



(82) & D 6 iR & £33%
PR R R, hE 2 A1, zildcej(kﬂﬁ—ﬂ/ﬁ) E=1,2,.6
|E, |- |RL, | =| U, |cost L= V3 (6)
|1, | sin(90°-0) = |1, |siny 2) 0 k=7,8,9
e, ol 1, A FEH R G
§ Lk B 3 L I Iy & H A 56T N a b Fl e
To - ” AR A, R AR B e e o ]
I, 1 HASETE A Vo, Zi0 . B S I R o,

\II:—y
U RI,

B2 H=EEELXEE

Fig.2 Fundamental vector diagram of phase a

PAH . m E SUH .
m=|I,/1, 0<m<l1 (3)
Hodr |1, | n AHAE A AL 3 R O R R MR A 1, M L
i e LR

ZW 1 A =R R BT AR SRR B BT, IR B A7 20
(1)—(3), A 45021,

Eu (4)

. oC
Y =arcsin
m](l(:

Hrr g A I a AHH HRIgE(E

Fa A AT A F U L R LC R A S 5
A2, AT E X (4) T A AN A H 3 Y S R R Y A
BE oy ¥ — A R R {5 S WISy B AT 45 21 28 3
W H 3 1 1R 20 2 25 (5 5 08 i 25 W) R i 3 il i% S
2 L R S BV AT S R A By Ty e PR R 1R g A
FLI i, iy i M

1,=1,sin wt

5
"

Hidr 1 o PWM-CSR 22 9t il 32 36 L 3 0 A
2 BRXEAH

R e (5) A X FR 3 I R 1 0, = A PWM-
CSR A2 = AH i i 25 WX (6) B ,6 M AEE K
HTE o AR RIS A IR 3 R,

ib=1msin(wl‘—

(5)

) . 2
i.=1,sin (wt +

L0 1 -1)

I(10-1)

L-10 D]V

I;(0 -1 1)

B3 BERXENRXZES%E
Fig.3 Spacial distribution of current
vector and sector

(n=a,b,c)EX1H.,
1 EEVEE S N G
0 Al —HriE 4 am i 4 e (7)
-1 THEE S, BV K
2.1 EREHBEREXEEF
A% 52 v, Tt Ok e R ] 1215 OB 2 2 v T Kk o R
53 dg MARTE o R dg WRLHREFINSH
HL R Tt g il iR o il o) O € 2 25 i T
REFFTER B X, HiF RS EHFRRAESK 3 Pin
AR s e ) &, T = A R AR B HE SR R
i AR PR R) 32007 125 1 B XA 8 i 28 53 I E R ik
£ =S ek B TR AROR TR 12 18 = AH Ik
AB R ZR T 1Y 225 H U AR AT R X R T A A
SARTR L H 5 5 — R AR S AR A 2
HLUR I (5 2B AT oA, R T w1, i
TS 0, ik =X (8) T AR I A E
N=sign(i,)+2sign(iy,) +4sign(i,.) (8)
A6 5 R 1V TR ] 8 153 0 28 225 W i S i
LZ 540 2 M REEGRT] of i REH o H5
AT B Ay i A R i SR A U R R
TR E e R, LT B X6 S H R8T,
M I 93 5 3 o o35 B or i, thaX(9)TFA 1, AN
I R AAE R T, T,
I, T5cos30°+1,T,cos30°=1I,T,
I, T,sin30°-Is T sin30° =1, T,
Ho 78— IR
[F) JAA 1 2 2% O i e H A B DX JE R R i Y
PERIIF ) dnsk 1 s
&1 Bt SVPWM Hik
Tab.1 Algorithm of current SVPWM

WX N T T, WX N{E T T,
I 1 v v /v 6 -U -V
I 3 -V W |V 4 -w vV
i 2 Uu -wi| v 5 W -U

zH LUV WA,

U=+ N3 Ip)T./ (21.)
V=(L~V3 Ip)T./ (21) (10)
W=1.T./ 1,
7 i 1 B DX W T B RS V6
IX. ) S o 1 R 68 I8, A 2 26 k6 D 9 35 7

g,=

9)




%78

RURIF- % . o 30 B 6 3 1 o R L 7P TR 8 (83]

BT S e R A B X T R AR R
HEAT O R F0 50 I AR = AR FR IR AL bR &R T 4T
Jid DX T 0 R 34 | 5 B AR AR R AR | T R X B
P R
22 HMHHBEREXEE
HCE 2 2 | 2K B IX B DR 9k DU e A4 4 A
= AH IR A bR RN S5 U B R Y IE 9 R AT
Wi, MSH R RELA T HX , HSHETRENE
02:>0.0,< 0.0, <0, HCH i,>0.0, <00, <007
FIWr 2% i K m e 1R X R AT 45 2% i
% i E LA B DX ) T 2 A
PWM-CSR 7t H &R Gt B Ui M R FH el 28 it | Hof
LT M AN 225848 . PWM-CSR b — & 345l |
R THRERE RA 1 AFERE, USER
HAE DX R, S H R ER I ML KA,
i & 3 M= (7) rr A K 1 I VE BT a AH
FFE Tl BD a AHAHHR N 1, b AR ¢ AH T )
LR FAE b MR ¢ AAAR LR N -1, 7E T, AR E S
AR RN A
I'T.=IT +ITs (11)
YBRET =i, iy i )" T =[1. 0 =1,]" Is=
(L. =1, 01" MR A (1), AT 1, F0 I R AE
FH I E] Ty T
Tv==i . T./ I, Te=—iyT./1,. (12)
M (12) 0T LA sk i JE 25 d 3 8 R
BF )5 W 5 18 | S0 R T = AR Y B % 4%
B = AHAH FEL I 2 R B L B A T AR AR AR R
SAREGTA R 25 K A H A R X
(A Al 5 1 FE I TR ekt 1) X I )y v A IR
TR AR RN EE 2 FiR
Fz 2 MHBER SVPWM &k
Tab.2 Improved algorithm of current SVPWM
S X in i b F 38 5 2 3 ]

1 >0 <0 <0 Isx (-B)+I,x (-C)

I <0 >0 <0 I, xA+LLxB

11§ <0 >0 <0 Lx(-C)+Lx(-A)

v <0 >0 >0 LxB+I1,xC

\4 >0 <0 >0 Lx(-A)+Isx (-B)

VI >0 <0 >0 IsxC+IsxA

FZH A B C R,

A :iraT’s/Idc
B:irhTi/Idc (13>
C:ircT%/Ido

TE T, PN 3R 245 I 18] DU by AR R B9 % Ok b 58
TN F R AR I IF A B DI HOR B, 2 % R
BAET VEXE, MEFRE LA, 52% K
FEN VU DXCIE 00 b 2 I b 78, B R AR
VX R L AT, TR AR, B

DRI I 1 TR B A v, SRR
3 EHRZRERKIZIT

3.1 EHRSEEIT

Bl 77 HL 2 FE L R SR Y R R H bR —
AT E WO A R R S O e R
30 2 ) 2 A ) R DX A0 L 9 AR A BT T R R O R
NS AR RTSCO T, I T A 4 iR
ARG, W RS K TL 2> A ) TMS320F2808 4 5
B DSP SE8L . XTI 4 B () R GE, PL il 45 (1) 4
WO m, B2 (3) 0, A E m 35 1 58 G
T B WA, = A ) 25 A H FE 3 S AR By, AR LA E
m VE N HFE R B IS S % K5l 2 Hk S
2 R TR B XS AR R R i AR T T

_ s ik Y
BTN B NS B X
R P M
~ n
U | = (4)it px ) iw
U | B e fa ]
y IFIER ey
. 28

B 4 EFHE# SVPWM HFER RS
Fig.4 Charging system based on improved
SVPWM algorithm

S CHR[6 P,
Uge= g—mEmcosy (14)

2 PWM 2 H0 AL 2 T PWM-CSR HE [ 5k %
BRE]  Z00% PWM-CSR 32 It HL It H 04 18 38 40 o
Pl R A% ik R AL M Q1] 5 TR

I(s) K |m[3 U 1 1,.(s
K+ K 3B cos af 1 a
+—3T s T2 Y T s + Ry

5 2B CSR WA &
Fig.5 Close-loop structure of CSR when
disturbance is ignored

RS A y 8 5 TR B AR L s RN

_ 3E,(K,s +K)
Pe)=or (2R4+3E,K,)s +3E,K, (15)

R IR O LA — B R 4E B £=0.707 KA
i 2 46 4 e e P e s pE Do) L s ) A TSR
JAW | VR 2ZEE 29 , WA
t.=4/ (w,)=T/2 (16)
Hodr 7 o T
Ber 0 (15) (16) A5 PT S48,




(84] ® 0 8 & iR B

8335

{sz (32L4.=-2R,T) / (3TE,) (17)

K.=256L,./ (3T*E,)
32 RRAEBHER- ZiBiEEHR
TESE PR BTt R B 4 BRI S RS
K DSP H g iR AIR TR IES | 77 EX = A AH
HL R R 20 A5 5 AT R 2 | o AH HE S 7 380 FA B 7800 5]

6 iR,
U,
00 ’—( 0.01 wF
‘ '&' Um A

Ci R41WQ :0471(9 o
ol “FI ISOQGND 0.18 uF
0.1 pp| 10 mg]
Ue B af R,
30 kO

6 a 1H1H FE R 8 2R AR %
Fig.6 Voltage conditioning circuit of phase a

Y a AHE A ZE A B A A R

- Ry 1+ By Ry 1 1
U= g (14 R Vo =5 U= U (18)

RIS a AHAH H R A9 22l P32 T 2 5 R ) — 2
R TR VAT G5 DSP SR 5 (i AH N e &
H Y5 F TR B — 2 | [ I B B B U R A U,
B AR A, 7E DSP PR T ZAE R AHALEE b #H ¢ A
HHEES a MHAHF

DSP AR 4 2 2 115 AR E K B AE IR
e v 125 R P PR S BDRE[R]— R A
FEF —HF R 2 P &Sm0 (EJF 5%
PREL P AR H
1 DO Tl AR W
-1 THPEE S, LR W

PWM-CSR i = #5#l FF O g in =L (7) or

ST () A (19) BT A T S R 2 R
f%@f@m%r DSP 4 Wi iy — B i A5 5 4 X

(19)

n=

(20) e 153 = IR {55
o 1 -1 0 |[p
o=t 0 1 -1 P (20)
2
o, -1 0 1 ||P

4 REMEREIRE

KT BRSO TR 1 % FE Saber T4
HTE 4R ARG T ESH N, ML ER
38 V/50 Hz, JEPEHLZY C=10 wF, /& L=0.1 mH, %
ZCHL P R =20 mQ), LI U8 P HLJER Ly, =4 mH, HL 2
vty HL R R 22V, B R 30 mQ, JF &M% 10 kHz,
Pl 240 K,=0.1,K,=0.6., 4 T J/NT A 1S A1 G

Wbt FE | 78 TF S IO R BE T — 4> 2 wF A9l
. N T HEZRGMN A S BE S T A R R
AE,E0.1s RIS HZHEGM S0 A FREH T 0.12s T
% 30 A,a MHET AR H I AR B Gkl 7
Jiis . W7 ol LUE ) RS0 824 T 50 1
Jei , LR E I TR AR S S BB TR R K, 3 2 i
I R R R R R S % B R AR AR O 4
FRREE | i At BE R B 0 R P

< 60

N

m 30

=

& o i i
40 + MK R

0 0.04  0.08 0.12  0.16 0.20
t/s

B7 afHBE BRMERHGHBERGERE
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Model predictive control scheme with modeling error compensation
for three-phase inverter

SHEN Kun,ZHANG Jing

(College of Electrical and Information Engineering, Hunan University ,Changsha 410082, China)
Abstract. Because the traditional FCS-MPC (Finite Control Set Model Predictive Control) scheme for three-
phase inverter neglects the influence of modeling errors on system control,the selected optimal control
action may not be optimal. An FCS-MPCMEC (Finite Control Set Model Predictive Control with Modeling
Error Compensation) scheme is proposed,which realizes the online compensation of predictive model by
modifying its output for current moment according to its modeling error of last moment. The control
performance of three-phase inverter is compared between FCS-MPC and FCS-MPCMEC schemes for different
operating conditions ; without load,with resistive-inductive load,with nonlinear load,and load switching-on. The
experimental results demonstrate that,the control performance of FCS-MPCMEC scheme is better than that of
traditional FCS-MPC scheme under all operating conditions.
Key words: model predictive control; electric inverters; compensation; models; error analysis
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Power battery charging system based on current SVPWM
LIU Heping,ZENG Qicai,GUO Qiang, REN Fa
(State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University , Chongging 400044, China)

Abstract: The main circuit of three-phase current-source PWM rectifier is designed for the charging of
power battery according to its three-stage charging pattern. Indirect current control strategy based on current
SVPWM (Space Vector Pulse Width Modulation) and PI controller are adopted to achieve the unity power
factor at grid side and the stable current output at DC side. The algorithm of SVPWM in three-phase
stationary frame is applied to avoid the coordinate transform of traditional current space vector modulation,
based on which,the TMS320F2808-bhased control system of current source PWM charger is designed. The
design of PI controller,three-phase voltage conditioning circuit and two/three logic transform is introduced in
detail. Without the detection of grid current,the charging set has excellent steady-state and dynamic
performance ,providing the charging current with low ripple in wider range. Results of computer simulations
and experiments demonstrate the feasibility of the introduced design.

Key words: electric rectifiers; power battery; electric current control; SVPWM; unity power factor
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