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Research on control strategy of single-phase PWM rectifier in power electronic
traction transformer
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Abstract: As the power source of electric locomotive, the safe and stable operation of railway traction power grid is
of great significance for railway enterprises to improve their corporate image and social reputation. However, with a
large number of non-linear loads connected to the power grid, the harmonic content of the power grid increases and
the operation economy decreases. Power Electronic Transformer (PET) has the characteristics of adjustable power
factor, fast dynamic response and suppression of harmonic currents on the grid side. It can effectively improve the
power quality of the traction power grid and benefit the economic operation of the grid. Firstly, the topology of
power electronic transformer and the structure of single-phase PWM rectifier are introduced, the shortcomings of
the rectifier under the traditional PI control strategy are analyzed, and an improved control strategy for the rectifier
based on harmonic compensation algorithm is proposed. Finally, the effectiveness of the proposed control strategy

is verified by simulation analysis and experimental results.

Key words: traction power grid; power electronic traction transformer; single-phase PWM rectifier; harmonic

compensation algorithm

N Transformer, PET) , WRIEZMU T ER., T2
0 3I% S AP SR T3 o TR TS % %
M HF2E# (Power Electronic JEERAHE HA L, BELIE B D

www.eage.com.cn 2020128 - TW IR @i bd | 55



MAHRE |

Application Research

He & B e S A8 4 PR SORR 0 N AE B 150 S5 A
%%%%%L,Eﬂui%ﬁmhﬂ FEL T R
PR EVE 2 BN shRe . 1 — R AL R R
s, 5% ?EEI’JWF L, BOHHR AR
e LA RBUN, RS D B BnT PR i R
P00 e 3 T8 Dk e T AR S0 R R G T
G LA S| 28 M ds TR . 1B T5 Qe AN ACR AR
B, fEd T RSIREE, &E TR
REMUR, AR T RMLFiEiT.

e h &5k (PETT) BYE
SO R E 4y, BAAHP WM AR I g% H AT T 2 K B e]
P, HRBRETEE LA, Rifi, fTFR
FHPW M & {75 &5 Y I I Ay =5 H 1 A A0 4
AR IS D 3T S G Bl “1E P 5 4L”
(153 i b L RE I R PR AR, AFI T &% siT, A
fif g X — IR, SCHRL71R A T PHE RIS %, Pl
2 1) EL A B TR B R e S R R A, AR T
AP T il KX B i 4 S T R 22T, X5
Sy LA BEAT TCZZ IR ER . SCHRI81R A T EL 1%
ik (PR) {215, PRESHI A X 28 i 5 5 2 AT
ARCRER, TR SE IR AR A 5L

%

i fE = T A

T, HABERIERAMHEE D, wTieE RoErE)
ABVEREY, HI%EE R e R BEAT DR AR,

123 LB = R A R Y
RIXEHRNE TR DR T EESAITCHRIE
FAHPWMAER G R ALKy, o TR B EL SR
PIVEHISR NG TR, A T 18P b 2 o
ﬁ%%ﬁT#ﬁ&ﬁ%ﬁ%%,Eiﬂ%$%%
PEHIRTEE T, i e o M LR I . B
“ﬁ%wﬁﬁmﬂi%ﬁﬁt”ﬁﬁ,a%%%
JIT 42 42 11l SR W T 5 B H IR 90 1 A L,
YR RAFIZh Ak RE

1 PETTE 'ﬁi*ﬁmuu.ﬁ%zi’ﬁ

Bl 104 e WL F 2 51 A8 e 2% BT 0 A 45 4
BV, BAHPWMER G # VD T A2 51 AR
BN o, HREmE2 R, Hf,
Ugria A HL ML s 5 08 VS RAS i i A HE T
VT 5 VD243 5l ok 32 FF 5 5 F0H 3 R e R0 A%

56 | @i bl - T T - 2020 F3955 128

sy RAVSRIEG MRS ik 3 i 2 fn,
HAER /N, 2 LARmIEKRBER; CoAR
EIEPE LA s R A E i R B f A

DC/DCAs %

LA . . ) |
L B | T

A

| ) ) ) |
E1 BARFESTERETHRINEEE

Fig. 1 Unit topology structure diagram of power electronic

traction transformer
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2 E*E PWM EI}IL%*I%UEEH%

2.1 PHEH|
HFHPW M 25 % B A B i Y,
H APl P an T3 s

HRESR LG AR
| ‘
é T iy = jés
d d
PI ®_ PI Q=
Ugrig PLL '
9 . [
Ly i, |
am |a)L
igrid—> dq Zd 1
—u, _
1l O
ly T@ PI —
1

B 3 PETT &G ssrui=HIER
Fig. 3 Control block diagram of PETT rectifier



LR LR A BRI, SR A i e 4
Wo Vi e NVEIMBEZZE, 5HEHEHEELR
BV ALLER, Sk il e gy, K
TEDB IS % 1H, o R4 2% R A P14 il
., LLSKBIXM AR EGE S IEZEET,

02 N I Y o - 1 NG SN SRV R PARPR i B U
FH d q 7% i e A D LR AT B R iR, SREL
TR Sy BT LA A R AR A LR A T R
MPIEE I G, X E RS JAEATHAT, KT IR
(AR B Sh R R By T 2 . sl , A (s AT
ERAIDREB T, "R RIRS % E, RE
A0,

2.2 RS

Wt BB R, ARSI SR I T 2
KA FERRTE G R R R BRI, SR, B
WA 0] P 378 A AR =T TR U D, R D3RR B A £
o3 2R T D FL IS 40 B AR B AR g 7S M SR, B

. I ,sin30
sinf —cos@

(1)

iqs cosf sinf 1 ,sin3(0 - g)
figk (1) s
i,,=-1,cos46 =1 cosdwt (2)
iy= I ,sin46 = I ;sindwt 3)

Bz (2) . X (3) "4, 3kiFE o ®RE
ot PR dgAs e Jn i oh AT AT oy B, BDAUIE L
U I A A7 A, fd el 0 1) fl RE R R A AR, A
THRMEFEIT, AMHERKIERE, &5 AR5
2R 47 2 B BN A L RE g, R T B R
(PR) &l 8, 2 o — ik 1 158 Dl kb 122 S v
(1) B, 5 T 1 e e
2.3 EiRAME

&g PIysthiltatl, ez (PR) il
A S B R A s I ZE R, R A
S o zh A R RE D,

T EE T BB R (PIES]) 5 LB
iERyES (PRYEH) M ARMRE, HAE TPREE
il BREEL,  7E I PN B P LS il ) A B B i 18 ik %
2%, DAOS /N v P R 7 1 8

www.eage.com.cn

R R

Application Research |

Pz il ) 136k e 4

1
Gk=KP+K|; (4)
PR{Z il {0 1% 38 bR KD
G =K, +K; > 2 (5)
s°+w,

R, Ko A28 KA 280 KA ik
28 o hTER AR,

R (4) . K (5) o HEHPHER S
PREZHIEIMATEIE, anl&E487m . A4l g,
PI il HURT S BUX B o B EZE AT, PRI
il TR E SR 0, T ISR AT R ZE AT .
AR 30 S L RS i d g 7 B 7 A O 4 R
Wy AT RM LA/ L TR R 7S T O
BFEE

dB

Si% (rad/s)
() P il e A7 4
Rt

dB

1 1 1 1
(&)
B/ (rad/s)

(b) PR il 47U 14
B 4 PILizfH5 PR IZSIIRITSFIELER

Fig. 4 Comparison of amplitude-frequency characteristics

between PI control and PR control
2.4 REMSH
P SCHIR [ 15 ] Wl 45 L TS PN B0 4 ol 2 DA 306 1% 336 1A
A

grid

KG() ., u

TN KG ()™ SL+ KG(s) (6)
HIL (6) MR RGMIFFAE TR
sL+KG,(s)=0 (7

2020128 - TU TR - @i hd | 57



RMAHE |

Application Research

B (4) LR (5) AR (7) , FFar 3l
LW R GARPLE o3 AR B, A S PR . B SH AT
L, VBRI R Y AR e AR R EL P il IR A AR
SRR M, WIS AME TS, ROk
SEVER B T ECRIRTT

jo

10 - (\

/
B .

i
—

. 1 A 1 A
-16 -12 -8 —4

BS5 ZRGRHn
Fig. 5 Root locus for the system
2.5 EFigiRAMER BRI SRR
Wk R sy AT Rl N, AR e A HL O 1 D 4
TN BB ISP, A PRAZE il ] 5 4 7 4
R oy ‘AT TE 22 AT, W mT A T PRl
PO 7 R VR BN AT A, G R S B i 2% 15
BRL A

1 K, s
G =K, +K —+ K, +—=Rr 8
(=K, +K i+ ¥ K, oy ®

n=4,6,--

7% JEBIAN RIS i T 458 il & 2 T8 45 9 A B

RN, G AR RGN K4 6k IS AT

. B ZE, 193 L P I 2 1R 08 B ECA
Gk(s)=KP+KIl+ . Ky Kyes

s '+ (4w, sP+(6w)’

LR PR il 2 S5 A An [ O TR .

i lZINE

)

N

R6 ™

K,
' 5™ +(6w,)’

Ky

s
i* [ S+Hdw,)

1
K+K, — u*
s

6 FERIMEHIERSEE

Fig. 6 Structure Diagram of current loop controller
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