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K #% [6] A 3 Al ( permanent magnet synchronous
motor, PMSM ) LA = 0% | 8 D 3 95 i 5 i v] Sk
SEALH, BT Z 0 T B IR G R S A
Ak g R a1 (flux-oriented control , FOC)
S E R (direct torque control, DTC) & H Hij
PMSM 3Kl 2 2 LRI Pl 373 0 FOC — bt
T HA B3 ( proportional integral , PT) 4% il #7 i i1,
AR ] iy S8 A B, 3h A M4 22 DTC Jl 4
K PSR RE R B DU BR 5 4, 38 i Ay 3R 1 v L
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BEAE Bl a8 5 2k AR HOR B K g, AR A
PO A AR R A s e R AE e MR R AR B T
[ S 2 ST S 5 FE i AR T
R i SN C A o S i R R S
( finite-control-set model predictive current control,
FCS-MPCC) #2457 048 85 T S 1 B HCRe 1, A 3
SRR 2 T 2 Hn i Ab & TR Ltk
R Joits W BRI S B TS 5
TG L R BN H k. BNIER AR
WIFILAE T ki FCS-MPCC BFoE R

VE Ry — S BL TR Y 42 1 53 %, FCS-MPCC 11y
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B T B R Ul R G S R
RIS O B 2 PRI s i sh AR A kR, L &2
SHRGARE" . BRI, 16 PMSM RS, B
HBHAES B 5 21217 TS TAE IR S5 R 52
Wi 195 22 SCHR BT X FCS-MPCC & B P A J2 1Y [7]
HEAT THIFFE . SCHRL 16 ] 51X JF 19 390 A2 g B2 1Y v Jek
SRALLREBOR R S RO E 2 S PR (e, A
TS HCRBC R, SCER[ 17 ] ¥ S HOFR R
B E FCS-MPCC 5.3, 528 PMSM HLU S E 1) 7
LI SR, BN A S BHERER A 2
Pt A% 12 SR A 38 T RE 28 AR G PRI IR I

I MHRAS - fifp e 2 BRI P [ 8T, [ PN A0 o
R A Ry VA T T A ) — S A PR 47 o] B T A A
FHUI B, 97 4% 7] ( finite-control-set model-free predictive
current control, FCS-MFPCC) '™ | %268 vk fdi F i
JR PR A B AL R R R i 5 2
TR BRI B 2 e, SR ) DL 8 %o HL kA7
W 5 kit B J5 R 45 FCS-MPCC (1% B4 S g ik A 7
S-S S BLEI S T, A A O AR
FH T B AGA% S 48 ( Luenberger observer, LO) '™ ¥
LI 28 ( sliding mode observer, SMO) 201 gk
R A5 U ) #$ ( linear extended state observer,
LESO) *V 45, M2 T, LO FBUE A5 80 28
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A R o B, SCPOREE T LESO B
5% FCS-MFPCC 40,

5 FCS-MPCC #f[F], FCS-MFPCC b fF7Efa A1t
B 22 ABRIE , A0 S5t AT 2 A4 o) Jol 40 507 P B>
MR R B o IR R Al e LB ] 200 2 28, — & oy
AL, R R 5 A Ak Ty SR
TE— 4 R SR Pkt 8 21> v e o< 0 20 T
2, MR R EHG I AN R RE+ER
B AT R AR KRR R
M, EL TR & 5 25 Lo SR AR R 3 I 3329 3+ 58
o PRI R 7 58 ) S A R s ) O R A
(discrete space vector modulation, DSVM ) #4 it 2 T
REAUL R I Ok o, 1G04 ) 4R b RT g R B R B
H AR B AR 2 AN A R AT
B AR Z AT RS = I, B b
B2 R R TSR, 2 ] 4 i 7 S8 L i A 4
PJ[IKERZS 2 M ERTE SN

SCHRERR) PMSM 2R 48 418 ) — ol ik 41 Ji 42 o]
£R11) FCS-MFPCC, #5312k A1 LESO SZ3 S 4k 30
flithe MIETH RGERa SRR, SO R 5 il 4E 4
i %8, dfid DSVM #4318 A~ i 40 He < i, 4 Jnm]
TVEHL R S Bl o S AT X 9 4 ) AR Al R 1y
TFOE A R, 4 ) — i PR 00 SR M, R PE Al T
KA HH 25 BRAIR R 7, W R TR FIUR0R,
I, I SR i FCS-MFPCC #EA7 3k

1 PMSM #3481 5 FCS-MPCC [ 12

1.1 PMSM #={=8
TEIF] 2D T e bR 22 T, PMSM 527 A5 X6 i )
ARSI -
x=Ax +Bu + C (1)
x=[i iq]T
{u =[u, u,]" )
[ R, w.l,

Ld Ld
oL, R

L, (3)

VG SRR ol R YN & S X R N 81
ETLRA LI d 55 g B0 s w, w2050 8L
sk AL IR d S g SRR s ROME TEE4 R ;
Ly L5y 3R d 5ih5 g Sl o LS T
FLUAR R 2 5o Ry A R R

BEAh, UREFE AT AR N -

7=, i) (4)
Sof o, AHBLBA 0, 0, 5310 d B5 o B
B T LR A (S)
b [l O[] o
T
S g ARG R =, v, "2
IR 7T LI b

U 2Sa - Sl) - Sc

Uy Vi
[ ] = Tabv/d([ Uy | = Tal’)o/dq : ? ZSb - S‘d - Sc
uq U ZS(: - Sa - Sb

(6)
N sy gy oy 73 B AR AR P S
PL=MAZe P Z R B 225 S, .S, . S, 20 1
WA = HIFVE R OIRES, S, =1 (v =a,b,¢) FR
x A EFPE IR T, S, =0 R « MR AT G T
5 Vo A ELIEFE LR 5 T 0, A Park 2246, AR 0K
A7) -

Tah(:/ dq =

2
cos 0, cos( 0. - ?’IT)

cos( 0, + iw)
2 2
—-sinf, - sin( 0, - ?ﬂn') - sin( 0, + ?Tr)
(7)
A0 W HLEL THUA
BEAh , = AHPIHE P02 g AT 8 MO SR, A
[F) T IARZEXS A [F] L IR R T, o8 AR PR 2R R R FE,
FeR BB AT INIE 1 RT7R . 6 D AEZH R R R
2505 R 6 N DX, BIBR X T —Rd X VL,

Vi V2

/ J X I 'a FIX T\
v, Yo
4
\ H XTIV .g FHIXVI /

Vs Vs

E1 BEXEZESH
Fig.1 Spatial distribution of voltage vectors
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1.2 FCS-MPCC Jfi#

FCS-MPCC EZALHG 3 25 (1) FA B
BEAY Sk BT RT R R 2R 2 0 D07 179 2K of Ha Yt (B i 4 T
T 5 (2) e A A e SRl vl e AR B AR A TR, 5
(3) FeAHH BREL, Pk B e R s it . AT DL, il
AT 55 fr i oK K0S FCS-MPCC A i R R G
R,

SCHR A — B R 0 X (1) Fr s B0 A 8 sk
1T B, PTAS TR

x(k+1)=e""x(k) + T(Bu(k) +C) =

(1 +TA)x(k) + T(Bu(k) +C) (8)
Tk k1235 R AT 20 5 R — I 25 T R Rk
JE 4
PriE R A — e R RS AR 2 45 8 1 5 RE
U RO P15 22 ) — 8, D
g=lx" —x(k+1) 5 (9)
Aex =iy i 1" WREERLEMH. ik, &
D FR s R Al DL o e/ MO [ R i 21, B
V., =argming(V,) (10)

pt
Viev

AV AR R R v= {V,,V,, - VP N
4R ZAR A TR TTR B IEL 1 PR 28 (8] fL B Ok 4 5
i=0,1,---,6,

2 ETHREHIER FCS-MFPCC

2.1 {£% FCS-MFPCC [EiZ
{4t FCS-MFPCC 5503 1 Jay s 455 2 AR it
ArEeE AL, MRS (D), PMSM [ 88 Jay A5 Y
ATLAFRIR A «
x=F +au (11)
X F=Ax+C=[F, F 1", WECERAI R S5HA
RSB w RIS S R A G A 2 I, W #%
TR0 S0 TR 22 TR R B TR B B 22
o NABUERE, FIS b a=B, S2hR_E LIS 5 Y
SPEh F s T REHE M a 5 B AL E
RS 22, BT R B @ B AUE IR L, 5 LY
KEGERERAT
HRPE C11) |, R — B BRBL 3% A5 245 58 FCS-
MFPCC (1) L I8 A 7R, D
x(k+1)=x(k) +T(au(k) +F) (12)
{4t FCS-MFPCC FI| FH=X (12) J7 73 i I 452 7 5
PR T, 42 1 A AN 1E R AR DL B R I AR e 1
BH 5 FCS-MPCC —3%k. 2Bl FCS-MPCC #4311y
KHEJE W AR5 F, SCH i it LESO X F 347 4k
H L MY LESO

e. =7, - x
{zl =z, tau - e, (13)
2 == Be.

P ez, JPRESAE i x MG THE e, RS AL B x Al
THES S PME IR 2 52, 0 F AGTHE B, By N Bt
. BT LO 5 SMO,LESO — RABHTE T 174
ESRUD> HAT BRSSO, R SCR [ 22 ], S it B 4
B\5 B LAt Ny

{BI = 2w, (14)

2 T Wy

I oo WL 5717 TE , 200 Sl WL 000 285 2R A7 i 2
PARE , — B, oo HUIELITE /> 2 A R A8 AR 0L 00 45 3 245
PERE , wo BUE 32 U AT AR 5 ZOUL I g T8 25 e sl 2
22 ET DSVM Wiz HlER AR

158 FCS-MFPCC fy3% ]2 5 FCS-MPCC —
B, BR300 Pk 328 45 10 P B fL TR R A
P, Z R AR S RE 22 RO BB . SOk T
DSVM B4z il S rpou B H i AT/ 7 = 25
Ao R4 A e R R S 8] A G 2 By
NS EIEIEA R T AR R R (Ve—V,, 8 2 FELZL
MARIC) 5 18 AR R (V,—V,, 18 2 LA
WRARIC) , WA AR S T LLR R v, = { V,
V-Vt

B2 fRESEEEXEZTHEHSH
Fig.2 Spatial distribution of voltage vectors of
the extended control set

ARIEIEAE AR 25 AR o S 4l AR
o, WEAE D O Y P R Vs IRAEA 2V,./3 /Y
SRALT R R Vi — Vs IR V3 V.3 15
H R AR T 2 AR AR AR L I Ok B A, 491 4
Vi=V,/2 + Vy/25 0860 V,/3 M P R
AR R ST RS AR, Pl vV, =V,/2 +
Vo/ 230G 9/3 Vo /6 1953 b otk i 2 A AR AR
FTHERE ST REG RG], Gl Vyy=V,/4 +
Vi/4 + V/2, )5 3 HAHIEREINER 1 R,
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Table 1 Voltage vectors of the extended control set
W e R EPLWEN
v, V,/2 +V,/2
Vg V,/2 + V,/2
ﬁv Vo Vi/2 + V,/2
3 & Vi V,/2+ V2
Vi, Vi/2 + V/2
Vi, Ve/2+V,/2
Vis Vi/2+Vy/2
Vi V,/2 + Vy/2
1 Vis Vy/2 + Vy/2
Ve Vie V2 + V2
Vi, V/2 + Vy/2
Vis Ve/2 + Vy/2
Vi (V,+ V,)/4+V, /2
Vo (Vy+ V3)/4+V, /2
ﬁv Va (V3+ V,)/4+V/2
6 Vs (Vy+ V) /4+V,y/2
Vi (Vs+ Vg )/4+V/2
Vo (Vet+ V,)/4+V,/2

2.3 PUERFRLEKRE

&4t FCS-MFPCC R FMCZE 2 10, Bk AT
RORART o 45 5T X FIT 3 4 i 48 1 £ 475 58 >R A2
b Xy UL SRR S = RES R NS =R p = WA/
W RIGIN TR B A, AL, SO — AP
USRI R RS R N NSk QOB = R & 4 )
25 BEIRE 7, BERT L PITRIOR

Fe28 vk S0 T W 1) SR B 4 B, X B X i
FERIERN v={V,,V,, -V} IFHIRV i
A 2 FhAE D0 DA U B A2 T SO0 R W 1Y) S it i
BELULIE 3, 3 R Vo R R R, X
JAEXT I B R EE A 0. FEE] 3 (a) Hr, e 240
HUERE Vo 36T Vi 5 VL ZIE HEEGE V, XA
BLF, MERE RN KRN g (V) <g(V,) <
g(Ve)<g(Vy)<g(V5)<g(V,) ;1K 3(b) 1,V 7%
TV 5 VoI HEHEGE VWi e ek 80m) s
KENg(V,)<g(Vs)<g(V,)<g(Vs5)<g(V;)<
g(Vy)o

XFHCE 3 Frn 2 FEBL AT DUEIR, KV, |V,
5 VA E R BN HEP e T et i s 2% 5 1
B DX, AN 2 R o AR 3 ek b A R XN
H, R R 1 00 L R B0 RT DAk — 25 4 /N B I 2K o 11 ik
PG, X B RERIE v, =V, V,, -,
Vo 3 LA Vo 38T R IX T (1) 4 R i R 49 645 15
B, QN 4 s R AR .

Vi v, Vi v,
v, Vy Youv. v, ) v,
\ i i / de
V. v, V. v,

6
@) VplE T X 1 (b) V& T X VI

3 RIMBEREAV K2 FMFR

Fig.3 Two cases when the optimal voltage vector is V,

*2 RABEXENBEXHE

Table 2 Sector determination of the optimal
voltage vector

il s EHE Y B X
g(V,)<g(V3)<g(Vs)
g(V3)<g(V,)<g(Vs)
g(V;3)<g(Vs)<g(Vy)
g(Vs)<g(V;)<g(V))
g(Vs)<g(V,)<g(V3)
g(V)<g(Vs5)<g(V3)

=< =28 = —

Vis
(d) 1HE4

(c) ‘T%I;T%
B4 Vu,E&TEEXI|K4FER
Fig.4 Four cases when V locates at sector |
MOV a T V5 V,ZEHEH#E V.,
Bg(V)5eg(V,) A g(V,)<g(Vy), al LLKs iy
MR NE VS V.20, 2 e g (V)
5g(Vy) A g(Vy)<g(V,) Jat, e fi s IRk
BEAE{Vo, Vi, Vi b ZH U
THOL2: Vi T Vi 5 V,ZIR HEHEGE Voo [
Beg(V)5e(V,) , WiH g(V,)<g(Vy), ol LK it
REEE NV, 5 V200, #E 2  g(V,)
5 g(Vy)  NiA g(V;) <g(Vy) ik, e k4
BIAEV,, Vy, Voo } ZH AR
THOL3: Vo 36T Vo 5 V, Z I HE IR V, o 1
Be(V) 5 g(V,) WA g(V,)<g(V,), il LK &
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R NE V, 5 V20— K g(V,)
5 g(Vy) WAy g(V,) <g(V,)  Jatl, e IR i
BIAELV,, V, Vi } ZH UG
4.V T V. 5 V,ZE HEHGE V,, b
Be(V,)5g(V,) , Nifi g(V,)<g(V,), LK
RRTHELG/NE V.5 V20— 8 g (V,)
5 g(Vy) WA g(V,) <g(V,) Jaitl, e 5% i
NAE{V,, V,, Vi ZH B
SRR R T R LA T A R R
(B REL, PT 43 R LAF 3 AN BRSEBL
(1) WBHBERE V, V.5 VOO E M E R
BOAE B0 e LR 2 TP Bt X, FEA0HEA T 3 R A bR
BLsH
(2) AR FTHGE B X, LT TNl ie il By
3 A F R R 1 7 P (L BRER, o e I S i R T
BHB 2 3, AT 2 I E R EGE A, Qg X
LRSI A0THE g(V,) 5 g(V;) 5
(3) ok 3 A4 1k i HE % & I (i R A, T X
W B FR R R it , SR 20IEA T 2 IR (B R ERE 5, &
4(a) IinTEl R AT g (V) 5 g(Vis) o
2.4 HFERFHME
FERCFE R RS S S Z A
FE—FALE R, T2 JE B Xof JH0I0 42 o] 54 ek 1) P e AT o K
RO 2507 FE T M AE e R AT M . SO R SE AR A
SRR 55 A — S5 PR BE 1) de A R R R AT
— I, A5 80 — 45 W O b e 20 R R A
A, B
x(k+1)=x(k) + Ts(aVopl(k -1) +F)
(15)
K.V, (k= 1) a7 — & APk i) 5 0 L R R 3t
TEULSEAE B HEFTES 2 D, B
x(k+2)=x(k+1) +T(au(k) +F) (16)
AH N HbL , A PRI 2R
gi= llx" —x(k+2)|3 (17)
it AESEATES 2 LTS, N R x5 F
REFAAE
2.5 FriR FCS-MFPCC 3L hEi s
SCH TR I T4 RS I 42 1 FCS-MFPCC 3k
FEHIREE A 5 B, B5 o n" R sn
SRR 1 A 0, 0y i A E B
MR 50 i) 00N iy 0, WZRRE M 0, 05 T HLI
FAEE. T FCS-MFPCC 52 jiti i 72 = 2450~
B,
(1) SREEGEA LI PR R e 700 B S 5k
SE R IS R d Bl g Bl

W) | o |
i,0+2) | 1 et Vo
F | oRm& :

fi
AV I
}f%ﬂﬁ P

5 FTiR FCS-MFPCC = HIEE
Fig.5 Control diagram of the proposed FCS-MFPCC

(2) F P 20 i 45 7 8, 85 AT
T BC A5 d Bl g Bl 40 R (H, SEBLAN B K A%
FEHLIE LG SR i, =0 Pl T SO oR AT iy =
0 il =, Bl iy =04, =i 5

(3) A CL1S) X By S i k47 b2, F) A
LESO X RGNS #ATAGT, 158 F s

(4) T 2 TR 510 3 s Pk 32 e 0 H s 2k
i, FUIAETY 5 4 {6 e R0 sl s (16) 530 (17)
Bz s

(5) BB L R e IR Sl A2 4% o

3 SLIRIHE

SR UE BT $ T4 e 4% i A 1Y) FCS-MFPCC 55
BIARNE, T —& 500 W PMSM £5#ttnixl 6 fir
ARSEET B AL EESEN R 3 PR, ik
A K — B A T Bh A% % e = 0 AL AL fHE T 2
W gR B ML — & 100 V/10 A AT LR S5
il LA IR IBC b H, | 39048 8 T DG e 1 3k FH 2 3 4 Al
Bz 1 %5 (insulated-gate bipolar transistor, IGBT)
Bk a8 ] 4500 150 MHz (95800 15 5 Ak
PR PR SRR B E ) 10 kHz,

3 o
s ¢

D—PMSM: @—BERBIZ2: ORIk,
O ©— TR E: ©— AL,

E6 XWER
Fig.6 Experimental platform

A, 56 E B B B 00 OB, 1 A% 4t
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Table 3 Main parameters of the motor

E i1 Kl
ELRAN L/ 100
BUEZ/W 500
HE G/ (romin!) 800
HRATEL 2
HIE HL UL A 7.5
EF LN/ Q 1.3
d il .q A J&R/ mH 20,39
KRGS/ Wh 0.26

FCS-MFPCC HLIE T 255 X e o £ 48 FCS-MFPCC
SR 5 TR AR R 1 2 R R S I A, LESO R %K
I a= 300 300 7 5 wo =6 000 rad/s, 2 Fpia Lk
AR5 5 U S m T A7 AR 22 5, 45 4R 2331
Hv=AV,,V,, Vi 5v.={V, V-, V,, }, T
PSRN 53 A A A28 1k 5 i 4 DR SHOC TR
3.1 fEisiERe

I, SRR T A5 SE 5 i §2 FCS-MFPCC (1)
TSR RE , 92 50 A% R O e 1L 200 v/min | B 28 5% 4H
5 Nem, SEEGAR 0 AN & 718 8 IR

10
5
< 0
5

710 1 1 1 1 I

0 80 160 240 320 400
t/ms
(a) atfiE FEedl it
101
8.
< 6f
2.
0 2 4 6 8 10 12 14 16 18 20
flkHz
(b) & FGeLH RIS T
7
6 0.55A
5 »an-.wwwm«Wnnuwwww#ﬂmmmww
< 4 i
e 3
2 2
1
O.
,] n I n 1 J
0 80 160 240 320 400
t/ms

(c) ETHEUL AT« gl

7 f&% FCS-MFPCC #ai5 R %ER

Fig.7 Experimental results of the traditional
FCS-MFPCC under steady-state operation

HIPE 7(a) 518 8(a) AT WL, 2 P57 LI REFE il E
THRAR T EIEZ . B 7(b) 5K 8(b) & T

-10

10
5 -
< 0 \ /\/ N\
75 »
0 80 160 240 320 40

0

t/ms
(a) affE TG B
10
8.
< 61
S
B 47
2.
0 2 4 6 8 10 12 14 16 18 20
flkHz
(b) S TLEU BRI b
7 -
6f 0.4 A
5 ”""‘W""“"N‘\‘U b W‘-www 1ok m‘,.wl#- g
< 4f by
B 3t
B 2t
It Iy 0.5A
OWWMWWW@M
,1 n e 1 1 1
0 80 160 240 320 400
t/ms

(c) FET LRI gl &

El8 FriR FCS-MFPCC a7l §

Fig.8 Experimental results of the proposed
FCS-MFPCC under steady-state operation

SE TG HL TR 3 AT s R, 2 PRI 0 I A LI
P AR 2 (total harmonic distortion, THD ) 43 %]
4 10.07% .6.48% ., 43 #1 & B, JiF $ FCS-MFPCC
F 0D T AR L A [ A i s A T
FEHIAAR (RP 10 kHz) &b, 345 45 T R 400K 12 19 1
Mo WT7(e) 5K 8(c) ath T & THRAMWN d
g Bhoy R AT LLE B 58 FCS-MFPCC & T-584
HLUIL o Bl g Bl s 20 43 ) 0.55.0.6 A, T2
FCS-MFPCC & S22 i d il g %l 3 5 B0 530
$30.4.0.5 A, AU, AT AR T B HL TR S0 R
%, BB R T HARSPERE ROt
3.2 EiEMae

XF 2 A B AP REREA T I, SE g 45 R 4y
SIINIE 9 & 10 7R A8 45 i i o Ak 1 (e i 45 8
{HH 500 r/min By ERAEAL S 100 r/min, 712k 5E N
5SN-m) FRYSER SR ANE O Fron, Al LUK H,2 Fh
SR BA e A T P L2 o ok R B 4 A, B e A
24 100 r/min B A0 FEFFLERS ] 29 0.4 s, AR A2 F%
RO (3R 2 Nom S48 25 Nom , Fe i 458
{E 2} 500 v/min) T 1S5 45 R 4018 10 fros, Al LA
A, 2 BRI AR RS AR A b IO 0T 28 £ 2 00, B
HERTE 2] 40 v/ min FSFAFRSE A2 1 s, SEPR
B TR T B NS 2 R A R U
P55 RV Sl I ) A5 5 TR I LA )



97 X% A5« R4 R P il 4 1ty PMSM A PR i S8 JCASE R Tt ] et o 4% f SR s

600 -

N W b W
S o oo
SO OO

tm
100 v/min__|
4

100+

H34/(r + min ")
o

~n

-100 . . . . .
0 0.8 1.6 2.4 3.2 4.0
t/s
(a) f£4{FCS-MFPCC

600

N W B W
[ = ]
SO OO

n
100 100 vmin T

B34 /(r + min ")

-100 . . . . .
0 0.8 1.6 2.4 3.2 4.0
t/s
(b) FT#EFCS-MFPCC

9 THRERELRER
Fig.9 Experimental results under operation of
changing the speed reference

- T’; 500 [ 40 r/min _L{ ”
B2 400 R
e300

~ 200

t/s
(a) 1£4EFCS-MFPCC

2 500 40 /min y 1"
T : SVAS
®E 400f T \a
300

=200

t/s
(b) JIT#EFCS-MFPCC

10 THFFHEIWER
Fig.10 Experimental results under operation of
changing the load torque

3.3 tEHE

R BSUE T B RGH S SR A R TR L
BT AE58 FCS-MFPCC T4 s il 2 5 M8 1k 1)
FCS-MFPCC L) J% ff#it FCS-MFPCC 3 Fh/ 3 114 2 bk
ArBa], My SR A AR BEA 1 5 %
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Finite-control-set model-free predictive current control strategy

based on extended control set of PMSM
LIU Xing, YANG Hui, WANG Yifei, CHEN Tao, QUAN Xiangjun
(School of Electrical Engineering, Southeast University , Nanjing 210096, China)

Abstract : Permanent magnet synchronous motor ( PMSM) has been widely used in industry due to the advantages of high
efficiency, high power density and high reliability. In this paper,a finite-control-set model-free predictive current control ( FCS-
MFPCC) based on extended control set is proposed for permanent magnet synchronous motor drives. At first,the mathematical
model of PMSM is analyzed and the principle of finite-control-set model predictive current control (FCS-MPCC) is elaborated.
Then, the traditional FCS-MFPCC based on linear extended state observer (LESO) is introduced. In order to tackle the issue of
dissatisfactory steady-state performance of the traditional FCS-MFPCC, a control-set extension method based on the discrete
space vector modulation (DSVM) is utilized ,by which,the number of voltage vectors can be increased to 25. Following this,a
fast optimization strategy is proposed to solve the problem of high computation burden caused by the extended control set. The
principle and procedure of implementation of the strategy is explained in detail. Finally,the effectiveness and superiority of the
proposed control strategy are verified by comparing the traditional and the proposed FCS-MFPCC methods based on a 500 W
PMSM experimental test rig. The results show that the proposed control strategy can significantly enhance the steady-state
performance of the system. The total harmonic distortion of stator current can be reduced from 10.07% to 6.48%.
Keywords : permanent magnet synchronous motor ( PMSM ) ; model predictive control; finite-control-set model-free predictive
current control ( FCS-MFPCC) ;finite-control-set model predictive current control ( FCS-MPCC) ;linear extended state observer
(LESO) ;discrete space vector modulation (DSVM)
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