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Research on IGBT Based Pre-charge Scheme of DC Input Converter

LI Zixian, TANG Juan, YANG Kui, ZHANG Lujun
( Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou,Hunan 412001, China )

Abstract: At present, DC input converters for rail vehicles mainly use contactors and charging resistors to pre-charge their front-
end capacitors, which has the disadvantages of high cost and excessive size of the converter. In this regard, it proposed a new pre-charge
scheme based on IGBT. In this scheme, PWM control is used for IGBT to control the charging current of capacitor to achieve a slow rise of
capacitor voltage and complete pre-charge. Since IGBT is a contactless switch, this solution also has the advantages of good reliability and

long switch life. The paper describes the topological structure, working principle and control strategy of the scheme in detail, and verifies

the feasibility and effectiveness of the scheme through simulation.
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Fig. 1 Pre-charge scheme topology of DC converter
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Fig.2 Current path in the first stage of charging
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Fig. 3 Current path in the second stage of charging
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Tab.1 Main parameters of pre-charge circuit
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Fig. 5 Numerical iteration and simulation results of output
voltage during charging

MK SERFIE] A 40 ps B, HLZEAS C AU . HETS
BLUNE 6 Fizn. nTLUAE N, FiE A HEIER BT, B

40 :

u/v

] i i i
0 02 04 0.6 0.8 1.0

0.2 04 06 0.8 1.0
i's

H6 wAECHRAfEE
Fig. 6 Current and voltage of capacitor C

FARFEH L e R, B k. o, %
JER R K e il =, DR UE SE B B IR R 2 E
AT 4 4 T 70 RS R]
3.2 ERKIEIEHI
S WFT LR, AT LR FAR K FE A i =X
PRI I L 2R T B NS o 2l (13) \T %1,
WAL RFER A AR, 0] DRy (#1545 B ARE
F0 L LRI IR 2N | BT R B BE T i B30 1 K
METAE R 950 V, I EIIEHIN 20 A, RA
Ak se g, #HeaX (13) @EbkE, HoEas R 7
JiR, PTLAREL, HZSHRFE 0.2s NSERL THFe il .

30
20
<10
0 >
-10 i

o 0.2 0.4 06 08 10

s
1 000
< 500
/ ;
9 0.2 04 06 08 T.0
s

B7 ZREEFAFTXT, A% CHLEMEIRL
Fig. 7 \oltage and current of capacitor C under
variable pulse width control mode

4 |GBT #{FZ A Y FEE& XURE 43 4T

Z I8 IGBT Y b b= A AR, DL 40
e i PP Rl 8 118) & A G RE T IGB T 1) L IR A8 i o 791 5T HL
B AN

(1) IGBT 7 TAEl #Evh Wi % . tnl&l 8 o, #5
Wit e AEAE TR LR, WJCIE AT I A T &
AE SRR I R TP B UE TAERT, DU R AT ik AR
AT . TV R D ML, HURHBIR R EE
05, ASHLUEBE O, HEBS SHEAERASRAENRY,
L2 i A8 o) 5 B AR i i W B AR i . R, R
o AL XA 2ok i A 2R AR 06 R e R 7 2 2o FEL S
SEHL R BRI,

s N
=C [ R
CEOWILIE) 3

B 8 IGBT W3 At A v w34 W, iR 3412
Fig. 8 Pre-charge current path when IGBT broken

0o
L
Il

%ul:%c(u;-uf) (14)
R I R A R R iR

FL R LA AR R L T 5 up—— R R R S8 U B



2020 4E%5 3 4] TR % ET IBTMERBABTREMFTEATERMAR 67
HHLE; 5 45iE

IR 1 280, IHHBE IGBT Wik i v s iy
HLF24(E R 100 A, WIAIAEC (14) 31538458 BT
Y L2 L u,=974.7 V.

(2) IGBT &%, IGBT %43 I Hi Fij e B A
FETAER A, T F AT 1GBT J ] 3 i 42 i 4
JC LRI R, AR SC R R E TAE S IGBT
R BRI TE L

MIGBT g H, HURES S H AR 9 el
BAR LR, MARE LT ERARERN 2465
1900 V) . UL, AT ARG B P n— 4~ —
WA VD, LABH IS S e ke sk s [WR), 1%
TRAE A RT sEA FRAE R, Be AR I AR T O AR,
NI/ =TI

T B s RS T AEAE RS R L 25 2 e —
ANEWE, S D M VD MRiRE, AR RE R
BRI b, R 0, A HARMH
BHLAS A . DL, AR R 25 4 0 400 58 H T b 20T K
T2 AR, SO A H R R A R A L
PEATERER, LABS I IGBT Ja it fa ik e 2 el o 55

DC

B 9 IGBT 425 A 69 TR A W W 3% W AL 3442
Fig. 9 Pre-charge current path when IGBT short-circuits

AR T —FEET IGBT B BL i AT A8 2 75
FeH S, HO AR T AT FE 4R [ R S R i ik B
7R I S P 7 L S AR AR A SIS AR R FL A LR
R 1 W S E R L5 = 2 NS K S i E =5 UL ST
TS, RIS R R RN ™ A, HAF
TG a/NALE)SE B AL, BT XFZITE A7
IGBT i Ik B (1 P L XU, AR SCEG HE T hn s B 2 — A%
EHBERT, DAk SXT R G0H E BO™ ER. H
FAIT R K ) IGBT HAEHAES WM, = MR
SRR AU E A A T RE S S BOIGBT M B iy
T SRR I R P A T S AR

SE 3k

[1] XUBE, BRI, X . i Bh A T2 70 i e el B P O Ak 1 [3].
Pl 515 B AR | 2019(5):36-38.

[21 T, MR, W, % kg S LS AT R R B AR
i [J]. KEZAERFAR | 2015(6): 45-48.

[8] 7%, MR, =A%, % . Hish 14 s 7241 DC 600 V 31 4241
HEE [J]. LAHLE3) | 2017(5):44-47.

[4] 3K, & o, kit 45 S TR TS AR 2R i e L RS D).
M A Bk, 2015, 37(2):1-3, 26.

[5] T, vk, DR . KIyRAs 5 AL J i 07 o e B A £ B
AT [0, BB AR, 2010(6): 40-43.

[6] HHF, 25Tk, RMESE , % . B s =0 £4F DC-DC ZEHeai fil 7t
HLFSY [9]. HL T AR2%47 , 2014, 29 (4] 1) : 320-325.

[71 &/ME BREE 3T BOOST-BUCK HLES ISR Ik FEl 255 [J].
HL I A | 2012, 36(6): 866-868.

[8] Ik, XU S E T EA [M] JE5T  HUAR Tl Y RA:
20009.

[9] BEAA . g HEILat [M]. Jbat : S0 R |, 2009.

“2020 FELESKEHIENEE” AF

Kt —F iR G E REE BT AR HAS IR, 303F FHURET “GERET R, ARG
AWEFF R ITA PRSI A I 92020 SR B A B SRABAEIER" . LA “FRERES” A4, TEAL
5G ilfa. K&, =i ATFRFFHFEARGER, LAANETE (BFRRT) . REEEBT5FL. kitit
BEHNEG. LEFRIEHE L&, FRTHERESF.

ARFER OO LB HR, HWITLR S8R EMGREERIFRIITE PR, BREIREHNLE— =,
=R ¥R, KEEILFGEEHT ( (EHSEEHR) (EEEF) ) RAEPIL, Lmd i LA ML,
AhRERBEMXET, THERAR W (http:/ictet.crrezic.cc) &4

B AZHRAG . CIT@csrzic.com #A5 8 H1 . 2020-09-30

MM~ KInE BRI R S &,

A w6 0731-28491045
RRAECEE. Rt hE!



