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Predictive Direct Power Control of Single-phase Power

Electronic Transformer Rectifier

SONG Pingang, ZHU Weichang, GE Wang
(School of Electrical and Automation Engineering, East China Jiaotong University, Nanchang, Jiangxi 330013, China)

Abstract: A predictive direct power control strategy was applied to single-phase power electronic transformer (SPPET) rectifier. First
of all, virtual quartered current and voltage were constructed and then decomposed in the d-g coordinate system to get the side voltage and
side current. Based on the traditional predictive model, control vector of AC output voltage for single-phase power electronic transformer
rectifier was achieved by using power predictive algorithm and instantaneous power theory. In addition, traditional single pole modulation
strategy was used to modulate AC output voltage. Simulation results verify that the control strategy has excellent characteristics, such as
simple structure, rapid dynamic response of active power and reactive power, strong anti-interference ability, good robustness of the control
system, which has good engineering application value.
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Fig.3 Block diagram of predictive direct power
control on SPPET rectifier stage circuit
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Olpus ipu

| (a;)%&%h; | |
mm; pmum
HHHHHHHHHH
0.4 (IS 0{,.’{; U? Us
(b) P &, )& Ao, 37

T T T
0.4 0.5 0.6 0.7 0.8
tls

(C) E_};;u’fl W JE
B 6 SPPET %amz U R Sy Fe Ty Fy F ) B
=y Ak T
Fig.6 Simulation results of the SPPET rectifier stage while its
given active and reactive power changing

HC (20) ATLAE H, Sl H H E uae 5 4ME
HL AR I HUBE A 2. TRIL, T 3l o s M v e L
FIT T BB AT T il SR s i e 1 o S X 2B
YA TIATC I R AR G L L 6 AR TR, aniEl 7 (a)
Fimme BT (b) J& L iS5l T 500% B, Rl
HL AT FE T . nTRUE L 76 LI/ T 50% J,
oA b, 375 T R S5 1 6 v XN 3 AT R R R — B 7
AT D ANTC I S5 K A 578 I N R gt bRk ) 1
FEEM A BRI N R E (41 0.5's, 0.6 s Ai10.7 sixX 34~
B ZIR F AR AL ) o B 7 (e ) R AMEHLIER LB I T 50% K,
Do A P 35 R L R A TR . S5 AR 6 FIEL 7 (b)) il
LA R, ATRUE Y, Joie SPPET Sy i ik 4l
YR E A RIS anfa A8 4k, L f TS EE i s X

HLUB IS A T LT-BEA MR, SRt il DA R WA SO
SR HAT R A

Olpus Ppu

04 05 0.6 07 0.8

1ls
(a) SPPET ¥ 8K HhAe Rt R K695 5T

uuwwmum

mHHH\umlHH

(b) AMzd & L é‘JH-:”;”-i&iéiiﬁid-\ T 50%
P lllllimwl“lllll
IHH“H\IHHHHI

()_4 05 06 0.7 08
1/s

(c) AME® & L 493+ 883 A0 T 50%

B7 AMZERELAFRFFAIMAT,
A v, 7B 2 0k
Fig.7 Dynamic waveforms of grid-side current with
different calculation values of the compensated inductance

LA A AT DA AR 458

(1) 24 Q RAMUEH:, ELRMIHIE Us AL,
R RGBT HRRE 158 5

(2) M RTE P Q KAZASN, REALETFH
PRFEMIE ., HH RSl R R . TCad wh R &



12 NI B ST S N

2016 4F55 4

A

(3) Uy B P~ BB T2, R SERE LI R I %
BT R

(4) POfgM L IER L el X B B 138 1 7 L7 1
AR, [EER] TR B RO B

4 “5iE

PR TR B SRR, 7RO TR i i R
FEH AL b, SPPET &I S0 IL T WU AR 7Y i) B H2 1)
P A SN MR . U PiRE S . ST
SRR, BN AR MR PET Hr, REAR LY Hu i il i
WP Bl 5 | A DG 28728 Xof 7 28 R 1 7 A R R )

JRUAE T A A G SCRRFR A TR o 42 ] 78 2 05k
T PET HR A, P TR T 0 4 s L AT 3 25 0 o 1
FEP . BUTHeREJyosm . KGR S SRS, DRIt i ik
FEGIRA PET Hof HA ARG L F AT 5. A0 T 6
PRI FH T PET, Al Jci i vl AN R i 15
B 1A DT 245 (EAL AR A 715y, R JE 4%
HEBAAMSEHR g ) A T 2 T s

S 3 -

[1]BknE, S, REARD]. g 72 s she SO T [ ]

L RERAR, 2003, 29(12): 1-3.

WANG Hui, TAN Xingguo, LI Qingmin, et al. Development

and applicability analysis of intelligent solid state transformer [ C |

/1 2011 4" International Conference on Electric Utility Deregulation

and Restructuring and Power Technologies. Weihai: IEEE Press,

2011: 1150-1154.

[3] DANNIER A, RIZZO R. An overview of power electronic
transformer: control strategies and topologies [ C ] // 2012
International Symposium on Power Electronics, Electrical
Drivers, Automation and Motion. Sorrento: IEEE Press, 2012:
1552-1557.

[2

[

(4] ZM. mImFEERSEBIREZR[J]. B THRA,
2012(3): 5-8.

(5] 24, sk& Pomdzs | Ban o 28 Heads il [0] . #kiE
2247, 2013, 35(4): 37-42.

[ 6 JERALL, AT, A0iAF. e sl 242 5 vy 2 e o 0 ).
AEAUHL FRFA, 2014, 25(7). 18-22.

(7] sk GURR i s v  de s Mg af 58 [D] . Jbse: db
S KA, 2014: 52-55.

(8] Ve, fHE, ER. Iy Fa5 A8 R A PWM S0 25
e PRI [0 ] . Wil 5{%3%, 2016, 53(5): 34-41.

(9] AR, BACR R THAR [M] . Jent: HUBCTL R,
2006: 298-300.

[10] H@RA, &g, FURAIHL L AR Rd [J] . W5E
KEFa4R, 2013, 53(4): 459-464.

[11] TARISCIOTTI L, ZANCHETTA P, WATSON A, et al.
Multi-objective modulated model predictive control for a multilevel
solid-state transformer [ J ] . IEEE Transactions on Industrial
Applications, 2015, 51(5): 4051-4060.

[12] Bfett, M, G, 55 BRI 778 il e ms ao
8 [J]. FlEHEARS TR, 2013, 13(26): 34-37.

[ 13 ] JRIEEE, Sk, Bl PWM BEFAR T (3], pLSEshlEd0,
2014, 18(8): 49-54.

[14] MHTRR, 26, WP, 45 MR PWM TS IC2E 41w
FEAEYIEER [I] . TR 2EHR, 2015, 30(4): 121-128.
[15] PAVLOU K G, VASILADIOTIS M, MANIAS S N. Constrained
model predictive control strategy for single-phase switch-mode
rectifiers [J] . IEEE Transactions on Industrial Electronics,

2012, 5(1): 31-40.

[16 ] ZEse, WE/hEE, B, 45 MRS PWM BRI SRR &
Bl (3] . MEEAR, 2014, 38(11): 3109-3114.

[17 ] ZHAO Chuanhong, DUJIC D, MESTER A, et al. Power
electronic traction transformer medium voltage prototype [J] .
IEEE Transactions on Industrial Electronics, 2014, 61(7): 3257-
3268.

(18] 4Pk, 4MEMe, £, % PWM MG GTER AR R TIY
R [J] . PRI LR 24, 2010, 30(9): 47-
54.

[19 ] BOUAFIA A, GAUBERTJP, KRIM F. Predictive direct
power control of three-phase pulse width modulation(PWM) rectifier
using space-vector modulation [J] . IEEE Transactions on
Industrial Electronics, 2010, 25(1): 228-236.

-
& *x:

AP RS THBEARASG (=) ; Bz (FPE) AMRAS EESASE (B4 1) ; Rl FEaRE A
B AHIENS (JB#2) 3 5wk ( LiF) ARNE (/G4 3) 5 4P ErbAR s L mA e £ 5
HWELNR (EHEL) ; A TPEFTREDAERDATRNE (S35, 6) ; T EIIN G I EAFTATA RN
SIREFLH (JEHT) ; sl P ERREARM ARG ZEHRFLI (F4E8) 5 TR T EASL B
RAFRNE (B#E9) 5 il P ESRELSHARARITAENSE] (G465 10, 11) ;5 kil R L% A FR T HE
NE] (B35 12) 5 wRl B RITHAHAE B ATRNE (B 13) 3 AREREMBLATRLNE (B 14) ;
G A R ATEANE] (HZ) ; M EARARKB R IRAA P SHRNE ()

N

~

/




