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Model Predictive Control Strategy for Voltage Source Three-phase Inverters
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Abstract: In order to improve the control performance of voltage source three-phase inverters, a novel model
predictive control (MPC) strategy was designed. The new MPC controller used a discrete-time model of the three-
phase inverter system to predict the load current generated by all possible voltage vectors. The voltage vector which
minimizes the designed cost function was selected as optimal vector for output. The primary consideration in the cost
function was the current error for the next sampling period. The comparative simulations with the traditional
hysteresis control and pulse width modulation scheme and experiments were carried out using the simulation

software and the built-in three-phase inverter prototype test platform. The experimental results show that the new
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MPC controller can effectively control the load current and exhibit better dynamic and static performance.

Key words: three-phase inverter; model predictive control(MPC) ; current control

SR AR g ) 5 L ) SR Bl 4
H B MR R 2 0 o LR
e KL HAEh B 2R ARG, Qi 50 )i 26
FHL I 45 il 7% A 3E T EE 91 B 43 (proportional inte-
gral , P1) {4 I 75 2% A1k 58 8 i1l (pulse width modu-
lation, PWM ) (45 il #5451

Bifi 5 Ak P A A PR R HLs AR ) e
iR, T AR I 45 ) (MPCO) AR 3 1 B 2 1Y
K, MPC F 1fil  vh , 67 25028 6 25 A5 A H]
TRGAT A, DT AT R AT 5 5 195 il
P B e A A R T PR R AR T

EETWE ) R ARFERES R BIH (52013010012431)

S, A TARZ M7 %, b —4 &
AR & I3 Dy P I s o e AR I A B R
FeDIRAC R AT 2, JFR T IR i 6% AR i 0 B2
Fe o AEIZANTT I, 8 4 i U TRT Rt A A Ay 3
i o DT ERE T ) P 42 Fl s 5 R P T30 A2 2, LA
Lt A SR TR I AR MPC 2 il 45 ) — K
DL A5 T LAAE T AR 5 o 5 R G A AR 2k [
RIMEHITEAFEI SCRE T RS T . H
HSCHER[10- 11 R F I e PRS2 B T e/ IME R Eh R
TS BT SRR o T SCRR[ 121000 P Fotm) £ o]
F9 3 Fof R A A DU R A DR R D IR e v

{EE B IRk (1981—) , & i+, PRI, Email :2190319753@qq.com

51



wAEF 2021F £51% FoH

SR, A IR A = AR IE R 55 0 BEAL T 45 b Rk

TR AR 25 0 SCRR(1318R T — M T
AR 5 £ MIPC P2 SR, Pl 45 b R el
JFH T 000 R e A g B AN R T SR ZS TR Y
TR A RO T o, SR B A A o i
AMEETIFSARZS , 1%k 75 58 m] ik e il T A2 2R 94
A

BL TR SCHRAIT T Bl , A SCise it 7 — o
AU MPC 2 il 5 F T HL R IR0 — AR % o
Pl e RS PR RO T R — SR SR A
TR ZE R 6T = A A 45 28 G0 Y 8 HiCH ] 4
PR AT B, 6 9 fre /MU AR PR %
VE et o i i i o i) EAT 1 7 R S 8 4
I, G GE AL A4 ] T S AR L I 4 SR Bk
TR MPC P i HAT A A P R

1 BRri=sr %

AR g AR oA R O 2R A A A T A
B P 2 1 O SR PWM G s 5 690, i i
DN H P9 F 9 R P 3 S 5 (I A T B0 L AR A s
HilA5 5, WO O R T B Zh AR AR R AT -
A& A Z B AT S8 2 ff R, ELF S0 36 AR 4l £
HSHM TR AR Ak, 2 5 | R i e )
EE RSSO e ay NI B ST I = <
i R S (R S B H (B 2 22 8 PLIRITY #8
AT R RS A, 2 E PWM 4 R He
G ) ok e, T S0 23 [ T 42 1 2 g e
TRl SO, R A W IEZS %725
Bl 2 7 FEL I A B 1S TG I, 2L L8 R A
AIRETCTAE R .

2 MPC ¥4 %%t

BT HE R Y5 8 =R 39 728 % 19 MPC 42 i 5
I, MBI W AR AR AT AR A BR A R
IF H R G AT T 9000 4 A F SR 2 X 1 1
AT R R T IEEEE N B RS, 2
SCEE I RE AR OCHE B , ELAAR R I R A bR
B, IR 3 T AR RBOTAN B T SRS TR
B ORES

MPC #& il g8 B & 1T LR 28R D Uk
AR BRI 2) B A B R AR R LT A T G
ARAS 5 3)F L T gAY AR AT T . L v £ 2
RUTT A B WO [R] IR A | 25 AR pR B0 D 1A
AT R, B AT R o

1 A I FH T H R U R = A 3 AR 28 9 MPC

52

Pl e AE ]

IExEs

By

I PREL g T A
EI/JVﬂf.ﬁ'%: 4—/7%1'*(/( )

P iR MPC 4 SEHE ]
Fig.1 Block diagram of new MPC control scheme
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Fig.2  Circuit diagram of voltage source three-phase inverter
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Fig.3  The schematic of effective voltage vectors
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Fig.4 Diagram of task timing
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Fig.6  Steady-state simulation waves of the MPC controller
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Fig.7 Dynamic-state simulation waves of
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Fig.8 Dynamic-state simulation waves of the PWM controller

15
10

51015 20 2530 3540
t/ms
(a) oL Uit BT

-
-

) e _;/'rgs‘w
5 10 15 20 25 30 35 40

t/ms
(b) AL L1, BT
E9  MPCE i sh & 45 BB

Fig.9 Dynamic-state simulation waves of the MPC controller
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Fig.10  Analysis of the output voltage spectrum

with three control methods

FE] 10a Ay ity B4 FEL I 48 1 T B9 i 11 Fl R AT
HORAHCR , XAFITF UG B IEAL 1 10b 4 PWM
P A H R 3 A v A T G
R FLAT AT, 32 T I SR Ak i
] 10c 2 7 MPC 3 il 2 /5 T #9  H F 4
W%, X e & 10a A1 100 B B L S ST
PWM il B8RS, Sl 2 A A TR e .

5 SIIIE

D97 AR BT B A R T DR R = AR AR
MPC il 7 58 $5 6 T ARSRFRALSL 0P & o 58
B ol TIAS B 4 DSP AR H TMS320F28335 1 My 45
il S Ak, AR AR R S EAE
B RE TPM AR RS2 B, 390 745 25 117 g P AN 458 58 I 241t
F 007 A T A B R LR £ 3, R A
A e I 3 A g i LA, TR B DSP B
IGBT 1 I IR B 5 5. TP T AL, RAEJH
W T B8 100 s, BE MR £, 50 He, LI H
JE U, [ 7€ 2100 V, f i i BH R 2 10 Q,
JEL 12 mH, SRS IE 5%, HA 34 VY [
SE W B RN 50 Hz B [ E M %, O T faifbiz 5iad
B (13) #4774k, Z0% T LB R 152
ENIIEER

T,
i(k+1)=i(k)+ - [u(k+ D)= é(k)] (17)

B 1124 o 422 L TR AL (L s 4T
55




wAAES 20215 FS51E Foi

SR, A IR A = AR IE R 55 0 BEAL T 45 b Rk

0 5 10 15 20 /2'5 30 35 40 45 50
t/ms
(a) ol L 9, 0 0 B L Bk,

510 15 20 25 30 35 40 45 5
t/ms
(b) AR Hia,, BT
SRR B e AN N PR e Sl e
Fig.11  Dynamic test results of a-axis reference

current step change

Bl 11a R 1=25 ms $f a IS ZH i N4 ABr
BRAREE 2 AL AR, E 1ah il FE
W RGEFI TR F R S A e R I AT
WE I ELAE VG o B 11b X R Yt 28
JEWIE . HE 11b Al 1, IGBT 3K sh {5 5l LI H.
$z b MPC 5 1 #5825 B, 10 JC 7% PWM I8 il 45

Pl 12 S i LI 225 (8 R 5 i B Y F 3 B0
A PERE IS 25 R, 3R 45 R R H U B v A
IREFSHAAE

5

510 15 20 25 30 35 40 45 50

K12 225 WUy BB A sh 2l as 2R
Fig.12  Dynamic test results of reference currents

square wave variation

13 M A FH R w,, BB % FE IR 106 AT,
S TS 1) B EE R S R A LR R o

40
o 30 1
e THD=39.3%
220
2
=
1z 10
=

0 L L 1 I 1 A AMA

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

fHz
13 s v i g S0 R B

Fig.13  Analysis of the output voltage spectrum in the experiment
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