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ABSTRACT: The progress of the research on power electronic
transformer (PET) home and abroad is reviewed and the
features of the existing PET circuit topologies oriented to
medium- and high-voltage power girds are analyzed. Based on

these analyses and taking advantage of the modular multilevel 0
converter (MMC), a new type of PET topology oriented to
medium- and high-voltage smart distribution grid is proposed.
Compared with the existing topologies, the proposed circuit

can reduce the number of the power switches. What is more
important, the proposed topology can reduce the number of the [1-6]
high-frequency transformers substantially. Thereby, the

presented PET topology is superior to the existing circuits in

terms of volume and weight. Meanwhile, the operation

mechanism of the proposed PET and the control strategy

design methods for the different electric energy conversion

stages are presented. Simulation and experimental results on a

PET prototype oriented to 10kV/380V distribution grid show

that the proposed circuit topology and its control strategy are 400 V

feasible and effective. 5000 kVA

6~35kV

[71
KEY WORDS: smart grid; distribution network; power 173

electronic transformer; modular multilevel converter
(power electronic transformer

PET) PET

(modular multilevel converter MMC)
PET PET

(power

electronic transformer PET)

PET (8] PET
10 KV/380 V 1
PET

(51207151) 2
Project Supported by the National Natural Science Foundation of ( )
China (51207151).



37 9 2593
Cree Powerex GE 3
3 SiC-MOSFET PET
4 1 MVAP2 SiC
PET PET
[¥3 7 PET
PET [24-28]
PET PET 6 kV
(modular multilevel converter MMC)
PET
PET PET PET
H
PET
1 PET
PET PET
10 PET PET
s & 7 PET 1 ( H )
A
20k e ) |If
PET!!!12 PET C I
B 1
(insulated gate bipolar transistor IGBT) o
IGBT = |[¢ T
(<6.5 kV) 6 kV | 1
PET 2007 ABB al T i
15 kV/ 1.2 MVA
[12-13] PET
1 PET
Fig. 1 The general topology of the developed three-phase
PET for medium to high voltage distribution grid
. PET
2007 (Bombardier)
3 kV/2x375 kW PET'  PET
H
H
H IGBT PET PET
H PET
2010
7.2 kV (120 PET
V AC+400 V DC) 20 kVA PET
PET PET PET
(ETH-Zurich)
PETIS 21 PET 2 PET
PET 2011 PET



2594 Vol. 37 No. 9
MMC30 PET
2 PET
MMC (input series output
parallel ISOP) DC-DC PET (1
2 Csmv MMC PET( 2)
e, e, e lga lgb 1
lgc L, Larm MMC
MMC UdcH idc
CH DC'DC Lr PET
DC-DC C. DC-DC PET
C; DC-DC UdeL
iLa b ILc ILn )
loa lob loc ( 1)
Lf Cf
10kV IGBT 3300V (
SM
IGBT) (H
PET MMC
MMC ) 1 600V
UdcH MMC 0.85
PET '
1 1 PET
ISOP DC-DC 6
18
MMC
y " PET 10
dcH dcL
DC-DC PET ((18-10)/18=44.4%)
PET
UdcL
3
1 2
— — T e
LSM | LSM LSM ildc L N
N L I:— 1 C L C ] 1
— i - — 1 H H r Gy H Co
I;SM i I:SM VI E‘E_ —
e e DC-DC :
i T[] e S |
sMI Y |sm sM| | | DC-DC 1 i !
| |
Larm ;Larm Larm : : : : : :—I —I _| _|
A v I i I v
B UgcH : | : UdeL . , , .
C A : : : f $Ln ILe ILb ¥iLa
Larm Larm Larm N
NN ! ]| | e
Jsmfvet Jsm| o suf ' M P
L | L1 I DC-DC M
L_ i :__ L_ : """"""""""""""""""""""""""""""" ’_|C|1f_§Lf %Lf gLf
.......... M : M s | | S . T -
[:; [: [_ i CHTH kG E‘{ T éf
SM |,y |SM M| DC-DC I ,
|‘_ l‘_ l‘_ : ............................................................ s Czoc blob aloa
MMC ISOP DC-DC
2 PET

Fig. 2 The proposed three-phase PET topology for medium to high voltage distribution grid
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Fig. 4

Control strategy of the low-voltage side inverter
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Tab.1 The parameters of the PET prototype in this paper
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Fig. 5 The three-phase grid voltages on the 10 kV AC side,
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high DC voltage and the low DC voltage in dynamic state



37 9

NiEF[E], DC-DC AR #8310 TAESR 5 &(6 kHz).
FIHAE AT A wgen B uge FIZBALESS T TF- 5242
M. Bsh, &5 KM, 6T PET &4
TR BRI R S A, RERE.

6 N PET 7E71 125 kVA = fu 8k i fa &1
HEER, B 6 al WL, PET fEATEANE AL AR ]
R R R EF, = A R IS R AR R
(total harmonic distortion, THD)J/N T 2%. [&] 1,
e B R vgen AR B LR uger, T AR, S00KE
REUNT 0.5%0 BEAL, wge HIPFEMEZI N 699 V,
51%11HE 700 V BHRZUNZ) 0.1%. ZXWAE T Ak
T HEEETRIRAR DC-DC A8 88 FHBTIR N, 74
1 e B JLF mT LAZS , PR H T 47

102

";n"h-ec/kv

S Lo W

400 Hrais Uop Uoe
200 K7,

“m-”uh-unc/v

200

llch/kV
o)

uget/V

650

600
024 025 026 027 028 029 030

t/s

Ee6 10kV3ZRM=IGBMNEE. KEM=FHEREE.
SEERBENMREERBENRSHAEL
Fig. 6 The three-phase grid voltages on the 10 kV AC side,
the three-phase voltages on the low-voltage AC side, the
high DC voltage and the low DC voltage in steady state

7 24 PET H A5 28715 125 kKVA =41 f1 FIG
JEAN ) 22 0 FE A S 3R B AT . BRI 7 7]
W, PET 7EZ N G5 B0 K 00 4 o ¥ T i Bh 28
i W Bt (] /N 10 ms, shasma SRGE . i & 8 & PET
FET 125 kVA = AH 580 (I 0 (1) 28 7t B i
WHEANRESEE. BR324
FEP AN 50 Hz, WRIEER 1, ZABMIDEF L
7 0.8,

K 9 PET 25 #3717
ey H A FF) = A R R =
W .

125 kVA = #H f1 % it
FH )RR 1 B A

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

0.06 008 0.10 0.12 0.14 0.16 0.18 020 022
tls

El7 RERMN=AEBRES ZAEASB RIS HESR
Fig. 7 Three-phase voltages and currents on the
low-voltage side in steady state

B8 REZRM=IEBES=HARERMRSHAS
Fig. 8 Three-phase voltages and currents on the
low-voltage AC side in steady state

T T I O S S PO P N
0.06 0.08 0.0 0.12 0.14 0.16 018 020 022
t/s

9 10kV RM=AEBREES = tHE MR
MSHALER
Fig. 9 Three-phase grid voltages and grid currents on the
10 kV AC side in steady state

& 9 nf WL, PET 7R N E & oL T & Hs 0 i
R FEL DX L A P S B[] G B R A E Y 90% T N (1] )
/NF 40 ms. T 10 4 PET 7647 125 kVA =1
BT e A = A R0 H R R = AH HL R R AR

http://www.cnki.net



2598

Vol. 37 No. 9

BIE. i 10 ATLLA H, =AY R S0 R A
FI R AL L P se 4 — B e t, RE PET (£
IR B AT A 7 B DR N E N 0.8, (BAE & IR AT
M ch 2RI A 1. X — iR EGE RS
FAREIR . HeAt, I = L E L) THD £
2909 1.6%, AR R

E 10 10 kV RN =FRB M EES =B MERE
BRESHELER
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