E37EF4LH
2017 £ 4 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.37 No.4
Apr. 2017 @

— IS i R R 2D HUD LB RS Pl 5 )

il B R A
(R#EZIXRF BAIEFR LT KiE 116024)

WE. AR TN kR T — w2 B o A e - AR AN BAA ERBHLRTFERE,
HEREK, RATAEZERA . A JEh T — Rk e K B R b AU T 44 ok A R R e
EkFR MECERFIER R B A Sk AR AN RBECE Ik B8 R B RAG, %
525 RLYL | RR PE AR AR TN 2 ) S ok | B S LA AR AT 80 iR 3 A e B B S R

L@, ABF YR, Rk, BTN, SR

FESES. TM 921 XERERIAS. A

0 31§

H T, 7F A 2 7K # [7] 20 H ML (PMSM ) 4 il J7 v
WA AE 2 P M B R s Tk L R S ) 4
(FOC) M B 42 ¥ /i 2 il (DTC)™, FOC J7 k38 it 4
) 428 T R - RO 1 3 | Ll e S IR PR AL B e RN
B AR AR R RS E S b R R
FARLE 0¥ R B8 (B AERCFE AL S B v
A S TR G T AR Ak DT R i HL 3 1
B AW RN . DTC J5 ¥ 38 i % FH AR 26 Wi 20 4 4l
T A R R A S T SRR AT
SEEFYNT AL R R ) A S A R R g o
R S PO DAY =R L o

ALY TR I 42 ] (MPC ) J7 V5 A Ry Il B A7 24 1 4
il SR | [a] FOC A HE | JC T HL I P 36 B 2 00 g (L
AR MPC B RAL S8 fL i N Rl ), 3=
AR 28 9K B {5 5 0 JC T Bk SR 2 T AL R G
SRk i H At ) H A LA S R T B B A e PR
M TV RSS2,

MPC 5 DTC A iFZ ML Z AL | ¥ BA sh3sm
P il ik A B AR — AN 6 JR 0 Py H e B — A
FEOCMRAAE oyt s AR ol B A 7E TSR A7
TEANTR] 3%t 5 20 2 o7 Ik A H LR I ASOR T AF AR
HNHZ A, MR DTC J7 ik ik 87 RS
Jir U] 2 Sy 1 9 o B R A 5 S B A R 2 R A R 2
MPC 77 25 W) 2 76 11550 ) 59 P 326 456 ol 300 224 5 i)
B R 22 Fe /N FE SRS IF H O 15 R 7E S bR iR 22
7 A 22 I A R R RS | X AR MPC
AR TF RS B B, L W 0 vE A AT k. ARE SCRR[3 ],
TEMIRAE 444 F ,MPC i 24T DTC ik,

SR AL 58 1) MPC J7 32 20 16 H BE il o o 450

Y fm B H#A.2016-03-28; 18 E HH.2017-02-13

EE&WA A% 8 &A4F ALK A (50877007)

Project supported by the National Natural Science Foundation
of China(50877007)

DOI: 10.16081/j.issn.1006 —6047.2017.04.030

B e /IME B TP SRS | 75 B X H 7 28 e 2% v fir A 1T
REAY I RS AT IR . BT L 7 — RS &0 &, MPC
J75 DTC FOC Jrik Ml b 118 0k B )
WK BRSO  HSE AR R0 S R LAY
P JE 0000 9 o T v AR 7 AR OGRS Y T R
M AR AR —SLREER N H & a0 22 H AR e 2
EZAD L P ASES CHiIE R =t vy i e E
s i A5 | LRGSR () AT R 2 S B0 G e
iof FRVF R SRAERT ] RO AN 2 fe 1 R AT (] 5
2L DTC 1 FOC A8 L 34 i SC JE Bt 23 MPC
B FS R TR, SCRk (4745 T —Fhfai fk 59 MPC
B R AT BEPEANY 7 B AR S A T A R
Sy R 3 FpOF R A H S0 R T e R R
AR AT WA] A B e R A i A DA U
TR B FE | IF A 45 H I8 a0 v ML 258 e 5% T 28 00 31
AR R AT T

ASCHE W T — Pk 9 R R 25 AL MPC O
e AL R R A A A AT R T — Rk
1 [R) 25 L MLAE Ry S 280 00 T B9 300 B8 R 2k AR 1R 3 )
B (kT i R B — R S AL . 5155
) MPC J7 340 LU AR SCHE R 19 5 6 T LA I 38 /0 3
TR TSR] DT 246 i S 30 T 4 o 1] B %) 9
JINTT 2R 8 EL A AT 1) B0 25 ) 7 AR R /N B S0 8
L

1 REHFER
MPC J7 i S5 FIHE & LA 158

s PMSM
VIS ELESSE J@
o T; T il abe| iy, iy,
Liylq dq
3 0
© d/dt |

B 1 MPC HEEIEE
Fig.1 Block diagram of MPC algorithm



193] ® 0 8 & iR B

F£37%

AR L BIL 2 SO i R (] 20 L LT [R] 20 Jie e Al
PRA TR ETT R

w=Ri+ d(li/:d _y,0,

. d ()
u,=Ri, + %‘L -0,

Hb = Loig+i R ERBERE 3, = L1, 5%
wyu, 3N R E T EH SRR 0,0, 530 R3Sl
FE T 0, AR b R L, L, 53 3 R KRR
fi e R BEL | B SRR SR il R A SO E Y
HL AL R AR B W) 2 b, B AR Ly=L, =1, &
B W RS AR & d 2 () v AR B (2) B
NHPIRS TR

di, | | _R 1

de | L @ la .\ L 0 uy O{p

di, | R |l 1 |l |2

el I ey A R B A R
(2)

Hrb R LA o R TERAE S T BRSO,
HL A B2 (B TE — A RAE S T AT L2 | R X
(2) WARZS T 72 B B Ak I A0 ol Ak 375 1)
{id(k +1) i(k) u (k)
i,(k+1) i, (k) u, (k)

=F(k){ }+G

+H(k) (3)

k%i7mw)
F(k)=

- _IR
To.(k) 1=

0
=T
(k)

For uy (k) o, (k) T FR 36728 25 B L i S 280 dg A
Hig 8], WIS & AR £+ 1
A JE YT F 0 T4

2 fey mpC Eik

MPC 5532 02 ) JH 5 ek bR BIOR B 0 R GEAE T —
AN SRAE SV 31 T 2 IO 0 R DR 505 AR ST A A
Jo A RO
g=li—isCk+1) | + |5 =i,(k+1) | (4)
Ho iy RGO R A R, B T AR
1= 0 P T 58 85 iy B 0,0y AT Hy RS BRI 3
H 0T B PR A (4) AT, T R B AL i, (k+ 1)
i, (k+1), R (4)hm g B/, m(3)n]
WMOTERT B (k+1)T W ig(k+1) ., (k+ 1) 1Y {A Rk
Foug(k) (k) o AT w,(k ), (k) WZ3 7= A AR Y
ik +1) g, (k+1), WS ARt 7 Bl AR A R
RS T AR i (k+1) i, (k+ 1), E5EH

MPC 532k 253X 7 4 fR 9 19000 (AR A I o o 8K
T SRAGE g E /N —H iy (k+1) G, (k+1) 2L
ot RGAE T — B2 T T BT SORAS . BAR R
mE 2 s,

[ 0.k ) . (k) i (k) U (k) <

W F(k) H(k)

=1

B G ik+D |
(5 4|
Y

N

e R/ MEL g, I
L X B I AR
B2 R MPC Hiki iR
Fig.2 Flowchart of traditional MPC algorithm

3 BUEEEY MPC EiE

fEGLH) MPC 5k R AE B — R A, 4
FRAY 7 AR s Ok B rp o Ol B R RO A B/ MELRY
RS XA IERMT 55 25 % W a0 2
LR R TE off A bm 22T AL A R 0 AT L4/ e
F SR A Y R

1E MPC A7 A7 A5 —Ff U] B A R e Ok & ol o 7
AR il S0k e e 14 Hi T O T LAY Bl PILRG
R AR DL, BERE 10X R ] LA AR
SEA R R R BT R AL, N HE SR
MPC 83545 2 i A R TR R BB S V& e 1 B2
LR RS TR B X, X R 35 76 N H] MPC 533 119
I A A 5 230 T A ) A A H T R 2R
SR R O P DX ) R A T B X B 11 2
MR R B SE R 3 D HE R R (] P ATk
FEHI AT X Mk B9 MPC B33 B35 D T R
CINNIIEGFERIPSLE U PR D S i e P
IR 7SR SuR S (VNSN3 B o e N S 1)
TE P LT 330048 45 v A A 3L T 650 R 1 SR i 3 e
A AR AT SR B B R A AR T E AR R R
OB B R TR R B e B DT SN 3 TR

M3 AT LA O EERGE 6., 50T L 0]
SR HL T O A T AR B X, AT R HE 3 4 L T O o
e, WEIABIMA R XM EE 9 MPC 3805 3
JE AR U Sk B R At B SIS S RV B A T 2R
B AE 0,00 FTEL, X FPRE I SCHEAE T infiy 3t
FINEAE R 0,

4 g 2200 5 1 L BEL R [ 25 B G TR 20 e




%48

1o ) | A — Rl O B R T A R LRSS R N 4% o @

Us(110)

3 i
2% B

1
0, Us(100)
Us(011) a
4 U, U,
6
5
U,(001) Us(101)

B3 Wity MPC EFREXENEEAR
Fig.3 Voltage vector selection of improved
MPC algorithm

1
\e\d v
iy 0 0. Y. P )d
o
B4 k#MRATENHNZTHREE

Fig.4 Space vector diagram of PMSM

MLzs R K Hod o AR NEUR o F TR
B8 IR (B AR ) 0, E A o, A
MR YA E T RE  EFuEE o, 52T L
HHL R R 5w, A 250 71/2,
FE 4 AT LAAS R R B M B AT R s R .
0.=60.+6+ 1/2 (5)
,ﬂ\:ﬁpﬁzarctan(l//q/l//d);@e E—ARAER Ty, T
UE B B, AR SO I =0 B EH TR FAR
I8 AR IR S5 1Y ) T LAAR B o =aby B o = La, AT
Rk & =arctan (i, /) B (5) B nT 15 B 0T Y
CENESCNS g
0i=0.+6"+71/2 (6)
B s gt T — A JF R N kil MPC SR
WAEE
o L UL B2 | T A G SRR [H) 15 ]
DL AR 3 52 2% 1 F, 7 A8 4k i v A A 1Y) 960 Y ) 1] 25—
FRAVIER FESLPR R G, JCIE e S/ i 2 kT Sz %)
R BT B (k+1) T B 18] B 7 22 0 00 TF SR
BT LA, S BR f) MPC B8 3k 0 %) J T — it J) B2 B
(k+ DT B (k+2)T B R S MAE 2 1 B
Z) kT W E— BB (k- )T, kTR 5 H 0 JF
FRA L K 6 iR T PR RS MPC 5Bk ) T4
ME AT LA TR TR R iR TE
ET B (k+2)T X BT A REHESHH i AE,

[0t 6, (k) .k ) (k) Ua (k)<
v

WS F(k) H(k) O
I W7 7 7 i IXC
i
A 212 5 DO N Y 3
VS RIRA

=0

———
[ RA UL ik + D) |

S 1 /INEL g, IF T
LR 1 TP S AR

B 5 Bk MPC EiE iR iE
Fig.5 Flowchart of improved MPC algorithm

Stk) i\(h+2)
i(k+1) /1(k+2)

io(k+2)
|

i3(k+2)
(k+1)T (k+2)T

B o LERARGH MPC BEEMTIETR
Fig.6 Procedures of MPC algorithm in practical system

TE KT W20 0 FIT SRS S (k) , MR 12 s AL 45 2
(ke +1)T B Z0 F 3 0 B T B 0E i (K + 1), 3l Dy ] 38
(8 AR A B (K +2) T B 20 W 38 A0 50 4 (k +2) ,
T 5S%H i BRI A BN i, (k+2) , &
o B F22 30 B N o (ke +2) , W32 U (BT % 7 )
TEIRAS S, (k1) BT — Bt 20 22 50 R FH I SRS

4 EIWHR

AR L RS2 T S P &, 1008 4 0 AT 45 g o
=2 PM75CLA120 19 IPM A3 ; 17 2k hy K 1 7]
AL, B 110SIT-M040D , 4 22 D18k 1kW,
BE R 2500/ min, AL R =1.09 O, HL /S
Ly=L,=3.3mH, Zif &8N 2500 &/ Bl A% X %
N 4 5 BT R AZ O & DSP, LS TMS320F28335,
Ui MPC AL R T B AT IS T2 45 s CRFE JA 913
H 50 s) , ML 48 MPC 535 0 AT B 18] 2 64 s (CR
FESIATE N TOps) o

& 7 Ry 2s 2 BRE B I | A% 58 MPC 7 ik Rk
MPC J7 1% i 3 J32 e 1 il £k 3405 25 € 750 v/min,
XFH 2 AR 2 mT DL | i MPC J ¥ 0 3 2
W B FE /N 2 T 7 v 1 e O s ) A




D)) ® 0 8 & iR B

F£37%

800 r .
fE45 (1 MPC 7 ik

B>

)

800 T

s Wt MPC 5 i
¥ 400 ¢

0.1 0.2 0.3 0.4 0.5
t/s

[ 7 == EhE B 6 I B i 2k
Fig.7 Speed curves of startup without load
Bl 8 SR GERg MPC J5 & Rk BE ) MPC J5 5 1Y
BB R BOE X L 8 T LU | R T e
(9 MPC 353k Al i g [] 20 o L7 23 208 Shind 5 ]
L SE N IE 524k B D sri L BN

VL
A
Al

Vi

=

i,:2 A/div

:50 ms/ div
(a) 145 MPC 7 ik

~

I—

i,:2 A/div

e

£:50 ms/ div
(b) itk MPC J7 %
B 8 EEhE iR
Fig.8 Waveforms of startup current
P9 skt 7] 20 v L2 BOE B I 2 1 d Bl A g
W e L ¢ S Z Y BT d i
FHBLBOB IR A 0, B LIFEE R oR 45

N
=)

?}l

g e

:L;\:‘ ‘ a ﬁ
_ i s
0 0.05 0.10 0.15 020 025 0.30 0.35

t/s
(a) TG MPC ik

- g B E R
~ e
2 A qﬂ:ﬁ%‘(fﬁ

HL
S}

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
t/s

(b) B H) MPC 77 ik
B9 d.g BENERKK

Fig.9 Waveforms of d- and g-axis startup currents

J T VM 2 Rl T iR R R SR (R
552 % v I (22 01 iR 22 B 4 E AT B X
FERT DLAE — fE FE B 1 S e 2 vk 6 5 2 A BR i
PERE . HARZEWIE 10 s, Hob A, Fl A, b 4858
TR2E 1Y BRL HBE (1 /N AT L e 2 G5 1) B A4S R
B BE (152 2580/ | 26 B 2R G0 00 s 28 RO 1 B A )
MIE 9 FIE 10 0T LAE | Bk i) MPC J7 3% HUAZ SE 1)
MPC 5 ¥ 1 3h 25 R Bt 1 i 5 4

1000
-
0 ]
Ai, Ay
kR MPC 771, m ARG MPC U5 i
10 RELE
Fig.10 Comparison of errors

R4, D LB FRBLAR E IE AT 10 o Sl AN g Tl el i

BIEANE 11 Fros AR AT 12 B . R FR S i
HL 22 (AN S PR = AR 22 U3 (A, AT Ay
WE 13 Fros, 38 H 5l B 0 800 B (ei, B edy)

W 14 B,

AR Y 7R B HLER 2 i AT I, I e MPC
ﬁ%ﬁ%h%%mﬁﬁ%ﬁ%?%%M%fﬁ«L
K 13), Hari s i (7T i gi,+el, FIHYHE /N, L5
MPC J5 ¥ B0 R H U0 18 I8 Wi 28 11 Sy ™ o

K15 25 0 1 oK ) 20 LA 3R A2 I 1 DL T
2 FhITYE d AT g bR O e . R e it 2k KD 16
R I AH HLR T | B 17 R R 22 T E, AT LA

d&ﬂ]tﬂm

0Nl i,.,m M] il HW\\M N fl L

0 005 010 015 020 025 030 035
t/s

(a) TG MPC 7 ik

LR
! ~
ot At bt R A

MWWW i MW ! WMW i

0 005 010 0.15 0.20 0.25 030 035
t/s

(b) Bt MPC Jr ik
11 BEESITH 2 MAENLE
Fig.11 Comparison of steady-state operation
between two methods




1o ) | A — Rl O B R T A R LRSS R N 4% o @

%48
T Foth, B MPC T AER MLIRER A6 ) 12 % (R F {4
N i) MPC 75 ¥ (WL 17) , Ho e fiy B ] 422 3T (3% 2% 1]
3 PR S5 S O A P s b R B Ok ) HoAH R
~ PR S SR 2 A
t:10 ms/ div 3 CEETTTTT T

(a) fE5EH) MPC J5 i z ‘L‘ e .“}“! ﬁ.‘jﬂljhlﬁ”'g”i i\”‘l] 1{\” .[l‘ll ’7I‘ "‘,1 i“‘
T = (O A
S N i) e
(\;l; of Mw‘ M\' M’W ’\V{' M 1:50 ms/ div

t:10 ms/div
(b) B MPC Jr i

B 12 IEIZEITH Y18 B

Fig.12 Waveforms of phase current in steady-state operation

1000

f\i 500

0

Ai, Ai,
m kR MPC 7k, m SR MPC 7k

13 IRELE

Fig.13 Comparison of errors

i/A
A~

el giy

| kR MPC e, m B S MPC 7%
14 UK BRI

Fig.14 Comparison of current ripples

6 q!ﬂﬂ#{%‘@(}m

q’fﬂﬁﬂom A 3 MWW
o t

vII{

I /A

|
[\

800 |

750 MWMWWMM% ’"“Mm WWWW

700

W/ (r-min™)

7.0 7.1 72 7.3 74 7.5 76 77
t/s
(a) fE5L00 MPC 7%

BT/ A

i / (r-min™)

70 7.1 72 73 74 75 76 7.7
t/s

(b) ity MPC J7 %
15 AERIR 2 FITEAIER
Fig.15 Comparison of currents and speed during load
sudden-change between two methods

(a) 5 MPC J5 %

i,:2 A/ div

1:50 ms/ div
(b) By MPC Jr ik

B 16 £ 5 % i A48 F IR R

Fig.16 Waveforms of phase current during
load sudden-change

1200

i/A

600

0
A A,

LR 0] Mch Jrik, m G MPC Jrik
17 REWLE
Fig.17 Comparison of errors
K18 25 i 1 ki ) 20 LG 5 78 B A B0 T
2 BT d Bl g R I P I LA R I £k R 19

101 225 HL i
< [t 1
& 0 P q ‘ i
o AT TR
_-10
.'5 800 [
B
£ 600
N
G- D <
b 70 71 72 713 74 15 76 77
t/s
(a) 1E5E1H MPC Jrik
10 1
-
S 0
= { Nasb
_-10
.'E 800 [
£
£ 600
N
b
% 400 . . . . . . .
70 71 72 13 74 15 76 17

t/s
(b) ki MPC J5 7%
B 18 EERTH 2 MAEMNILE

Fig.18 Comparison of currents and speed during
speed sudden-change between two methods



D)) ® 0 8 & iR B

F£37%

S b B AR R TE L [ 20 Ay X S B E i A
225 LU 0 1R 25 IR AT LR i B 2R G 1Y 8l A BR Bl
‘@Hho

;2 A/ div

t:100 ms/ div
(a) 1550 MPC J7 %

;2 A/ div

t:100 ms/ div
(b) MY MPC J7 75

19 1% FE 525 A B 4R R OAL O

Fig.19 Waveforms of phase current during
speed sudden-change

900

< 450
0 ]
Ai, A,
m kR MPC 7 ik, m R SEI MPC U5 ik
20 IRELEE
Fig.20 Comparison of errors
[F) A b 2 P ML R A AR R B I ek ()
mmﬁ%@%wﬁﬁmﬁ%@%%?%ﬁ%Mm
I (UL 20) , Ho R 8 208208 B 0 3 s 80N
2 Fh v R A e A ) 07 A R 2

5 #it

AR H ) e gk g R 25 AL MPC 7 i | O
SR A L TR S AR B 0 R S S T AE B X i
T/ MPC 335325 % I SRS 1 ) 2 i, B MA%
Gei 7 PR 2 5 ) 3 FRAS  RIR AR T AL
B TSR ) 48 T O O R i A SRS R T AR
jCFﬁj%EHjE’JEﬁIﬂC MPC 77 ¥ 78 %) B U 19 3 2 B9 o Pk

Al LA K R 25 M 18 O T 19 2R IR X O T AL B2 () MPC
/j& (] BF L9820 T R P B0

SEH .

[1] KAZMIERKOWSKI M P,FRANQUELO L G,RODRIGUEZ J,et
al. High-performance motor drives[J]. IEEE Industrial Electronics
Magazine ,2011,5(5) :6-26.

[2] RODRIGUEZ J,KENNEL R M,ESPINOZA J R,et al. High-

performance control strategies for electrical drives:an experi-

mental assessment[J]. IEEE Transactions on Industrial Electronics,
2012,59(2) :812-820.
[3] MOREL F,LIN-SHI X,RETIF J M,et al. A comparative study

of predictive current control schemes for a permanent-magnet
synchronous machine drive[J]. IEEE Transactions on Industrial
Electronics,2009,56(7) :2715-2728.

[4] ZHANG Y,LIN H. Simplified model predictive current control
method of voltage-source inverler[C]//ZOll IEEE 8th International
Conference on Power Electronics and ECCE Asia(ICPE &
ECCE). [S..]:IEEE,2011:1726-1733.

[5] LIN-SHI X,MOREL F,LLOR A M,et al. Implementation of
hybrid control for motor drives[J]. IEEE Transactions on
Industrial Electronics,2007,54(4):1946-1952.

[6] MOON H T,KIM H S,YOUN M J. A discrete-time predictive
current control for PMSM[J]. IEEE Transactions on Power
Electronics,2003,18(1) :464-472.

(7] 48 bW X0 rad A5 K R 25 i BL e i 00 2 ki 3 v (T .k

L TR 22412 ,2012,32(6) : 131-137.

NIU Li,YANG Ming,LIU Keshu,et al. A predictive current

control scheme for permanent magnet synchronous motors[]].

Proceedings of the CSEE,2012,32(6):131-137.

IR AR BE IR T AL BN PWM R A R 00 A LI S

37 50 4 ] [1%?&ﬁ#ﬁgmm%@xnn9

WU Zhenxing,ZOU Yunping,ZHANG Zheyu,et al. Adaptive

predictive controller of supply current applied in single-phase

(8

o

PWM rectifier[J]. Transactions of China Electrotechnical Society,
2010,25(2):73-79.
(9] EZEAL, BB AW, 7K 7] A5 v ML BCEE T8 22 471 e Ui 000 42 1
[J]. W TH AR, 2011,26(6):39-45.
WANG Hongjia,XU Dianguo, YANG Ming. Improved deadbeat
predi(:tive current control strategy of permanent magnet motor
drives[J]. Transactions of China Electrotechnical Society,2011,26
(6):39-45.
(107 Phh | & F ¥y 55, —AH g H 8
TAHEAR R ,2013,28(12) : 283-289.
SHEN Kun,ZHANG Jing, WANG Ling,et al. Model predictive
control of three-phase voltage source inverter[]]. Transactions
of China Electrotechnical Society,2013,28(12):283-289.
RAES R T FCS-MPC (9 R U 0 07 ¥4 (7). W1 A
Mk % ,2015,35(3):101-107.
WU Dehui,LI Ju. Voltage tracking modulation method using
FCS-MPC[J]. Electric Power Automation Equipment,2015,35
(3):101-107.
P 2%al  BELLHE | H A, TS TR 4 2 A I T A R I G
R T[], B A sh ki 4 ,2015,35(8) :84-89.
YANG  Xingwu,JI  Hongchao,GAN  Wei.

optimization based on model predictive control for grid-

AR A R (1],

[11

[

[12

—

Switching  loss

connected inverter[J]. Electric Power Automation Equipment,
2015,35(8) :84-89.

ZHANG Z,XU H,XUE M,et al. Predictive control with novel
virtual-flux estimation for back-to-back power converters [J].
IEEE Transactions on Industrial Electronics,2015,62(5):2823-
2834.

[14] ZHANG Z,FENG X,FANG H,et al. Ripple-reduced MPDPC

for active front end power converters with extended switching

(5]
[}

vectors and time-optimized control[J]. IET Power Electronics,
2016,9(9).

A SRR B T IO R KR 2R 2 S i o
[r 25 e v AL R #5  [) ], L 00 A B BERE,2015,35(7) 1 153-
159.

=
a
Pl

(T #% 217 W continued on page 217)



%4 ARE 5 3T R B 0 0 2 R W ) 017]

Design of nonlinear HVDC supplementary controller based on synergetic control
Z0U Yansheng, DONG Ping
(School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: Aiming at the nonlinearity of large AC/DC power system and the inaccuracy of its model,a DC
supplementary controller based on SGC (SynerGetic Control) is designed and applied to the multi-area AC/
DC power system to enhance its transient stability. Appropriate macro-variable and manifold are designed
according to the inertia center of each area,the analytic expression of SGC-based DC supplementary
controller is deduced,and with the minimum angle frequency offset and the minimum DC power offset of
areal inertia center as the objectives,the controller parameters are optimized by genetic algorithm. The
designed controller is applied to a two-area AC/DC power system and a multi-infeed AC/DC power system
respectively,and the time-domain simulations based on their PSCAD models demonstrate that,the proposed
SGC method has better control effect in the inter-area oscillation damping than the conventional pole
placement method and sliding mode control method. Furthermore,with strong robustness,the designed
controller is immune to load model,operation mode and wide-area measuring signal delay,and its deduction
has little dependence on the system model.

Key words: HVDC power transmission; supplementary controller; synergetic control; inertia center;

transient stability; robustness
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Improved model predictive control of permanent magnet synchronous motor
GAO Xiaonan,CHEN Xiyou
(College of Electrical Engineering,Dalian University of Technology,Dalian 116024, China)

Abstract: All switching statuses of converter should be traversed over when traditional MPC (Model
Predictive Control) algorithm is applied to determine the switching status of next cycle,which is unfavorable
to the real-time implementation due to its higher computational load. An improved MPC algorithm of PMSM
(Permanent Magnet Synchronous Motor) is proposed,which determines the sector of voltage vector based on
the expected voltage vector angle to reduce the selected switching statuses for cutting down the
computational load. Experimental results show that,the system with the proposed MPC algorithm has better
current response and smaller current ripple.

Key words: permanent magnet synchronous motor; electric current control; model predictive control;

mathematical models



