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Abstract: A new three-phase DC/DC converter integrated system was presented to realize a permanent-magnet-
drive reconstructed onboard charger, which integrated permanent magnet machine windings and DC/AC converters
into an onboard charger to achieve drive-charging integration in electric vehicle, and aimed at high space utilization,
fast charging and high reliability. The structure and working principle of the integrated system were analyzed, and the
mathematical model of the three-phase DC/DC converter of the charging system was deduced. Based on this, the
simulation model of the drive-charging integrated system was built by MATLAB/Simulink simulation software. The
performances of two pulse width modulation (PWM) control strategies were evaluated based on the comparison of the
AC-side voltage, AC-side current, DC-side machine winding inductor current and DC-side voltage waveform. The
simulation results showed that compared with the interleaved PWM control strategy, the new reconstructed onboard
charger system had better running performance under the synchronous PWM control strategy.

Key words: integrated system; reconstruction; synchronous PWM control; interleaved PWM control ;

three-phase DC/DC converter

T NPT FA TR I FE R Z IR . A% GE 1R 7 RO BR
a BRI 45V, R A A R R

BGRERA T — A T AR KRB, SRR AT AR IR 15 G S RE IR e )

* HERIH . FE A ARERSIH (51807098)
YEH RIS ZEBESR (1994—) 53 B LAIT T A  BIFSE 07 1 b ol 0 S Ak B MLl AR o
W BE(1985—) 53 Tl R ST 07 1) S K R HR LA AR B R G B HL T T R AE R SR T I o
x We(1961—) , 5, Hoz , Wl E I, WEFE 5 10 A Sl ARE AR R e Seatt il i BoA v i il B AR A



Pl SR HEA | EMCA

2018,45 (9)

PR A AN B R AR ST RO 2 Bl s e o R
HL B IR A RS R 22—, Bl ) W it 2 1) 5 L i)
[i8) 55 S AR 2 H A iy E B E

G BN G R AR R AL T 7
71 BRSSP 7 H R 70 A A
VI A TR e B ke T B T v | DXl i3
AR NN, AH TR T, AT
PG i, FE L (A B R T SR BVA 4T/
U T Bk, A% 500 42 20 B LS H A SR 3 2
PN ST 9 TAE R G, Hozs (a1 F 3R FE L I [a]
K TSRV, AN L SR 4 B AR I N B L
KRS M SRR B, DR, WIS A
TFR RIS 0 B 15 19 4 28 58 v HLRE X ARk
MREMRIEAEEZEE L,

SCHR[ 3 T2 1 T —Fh o 2 AU H AL i 9K 3
H5RBERNRS, ZRE-FHREMRG N B
SRR AR AR A B B B A,
U fHR AR AR, T ZEAR K R G FL T, AR
TRRBCR, SCHR[4-5 14— og 2B e 4
AR, FERUR D T SRR R T HLBA
W B ELE SRS T T ACRE L — ELRER ,
FEROR . SCHR[ 6-8 [ 4t — Mol Y AR ik 752X, 1%
T AL R SEADIRES , — A M 457
HA sk L2 A IFER R R S AR 1
A H RS o 207 20T LS Z (R E RS
B PSR LI %

ASCEXT AR B FEH R GAE S T AR
BRI AS 25 T A R el i 3K B
TR G s AL =40 DC/DC A5 i 8% RGL 454
LSS F R SR Bl 2R T 39078 g N L AL 8 2 45 oA A
B FE L, 38 A DI A D 25 R R4 ) SR S 3
HIBLEK S | DR A B e F S5 T e S AR i, A1
UK Bh ZR GE Y308 g, A 7R 50 H I A 7R AR
25 F K B AL = AR S8 2 71 0 SERLAF DC/DC
TN U8 e L JRR ., O R AL B A
L5115 RN S I SN i 2 (A £ N

AR SR KOG R, B AR R A2 2 FE FLAIL = AH DC/
DC 223 a8 LR G E R RIS G, 230 T ARl &
GRS R A AR U, S T SR R G A
DC/DC 75 i i B A IR 5 A R IR SE Y
O A B, X R 2D ik 9 9 il ( Pulse Width
Modulation, PWM ) F1AZ 4% PWM 355 | 5% B& 1 47 X5

20 —

FEBESE R T o

1 RASmAEM R TR E

1.1 Eh-FEERRGHRIMNEN

AL T —E R KR BR Bl E R R R 3
HLHLR G, 8 W SR 4 AT SR 8 R S8 = AH 31
ARAS AR AL SR EE A S A L R SR R I
i SRR IR IR B - L A L R S R A
N 1R, e (v=a,b,¢) Jp =R JEH
F s, R = AR IR A E A3l i i C O E
TR A 2RI 25 A % S0k i i e A
F vE LU H AR E M s = AR AC/DC B a %
H BB e I 90 5 L, Ry O LR L, S = AH K
[F] 4 B #1 ( Permanent Magnet Synchronous Motor,
PMSM) ZE2H AHHL 8% K1 AT K2 ST ¢ .

B 9Rsh- s SRR G

IZSE ARG AR N AT B 3K 3/ FE T AR
i, Y TAE T IR SR AT, 3l 7 HL it 28386 A8 2%
YEHT PMSM; TAETE SR ARSI, = AHAC T HL 48
AC/DC #&ide KB 22 4% A HLGE 2 J5 %t 80 )
b T . LA AR INE P A TARER
G2 Wl N/ B W S I B R R o LSRN R e I
ICFEHGIN 1 44N AC/DC e it i, % 5 AT 5 2 4K
B/ FEH AR SR, A R = SR ZE R LR
FIHEE Rl 3% R G0k = A0 1 50 i A Fh 4
o Bt E R LA, AT R R )R e L R
1.2 RGEIIERE
1.2.1 FZewAX

Bl 2 Biros B s8R TAETE s iU A
B FE 1 5 B R OC K2 A, ¢ KL
BUIE o 7 MR, AL AC/DC
g (B = AR A R v % ) AR I8 P 66 ( b A\ U6
Uk LSRRI A 8 D R R AL ) R T — R
] SR W 42 ) Ty 38 25 4 1 I DA O, mT S8 B B
2 i R AR UE it T I 22 EE A A = A DC/DC
AR A , PR AR B %) 75 e LU R A R 1Y



2018,45 (9)

Pl SR HEA | EMCA

A I T 2 &5 H it ARt DA S B Bl AR
I FEFIIRE I, 0 ik B 8K B 0 7 45 19 R A
B IGBT JF 55 456 = AR HLLRA , i S 1
= DC/DC 72 i #% TAETE = AHAC 455 Buck &
o [ FEAR AT, b T i ALSE i
TR B, LGS PO STE U R G,
PLHLHLNFRAS 23 7 A i RGBS, e i A v e L
We— H R IR

K2 sehBlRSn I

1.2.2 BRaHAX

Kl 3 B MR RS TAEEIR ST A9
B, EIZA R B 1 ARG K2 Wi, ¢ K1
WUIZ b 0, S i =AM AR g S
XS ML, 2 AR Gl kR H Y A T A i
DC/AC A5 g ( BP = AR 200 720 i B ) 2 46 1l 22
Ui A AR SR AR R O O I S E
Kol , 52 PR R R 4 PMSM AR Bt i 3 4 i) 3R
ES BT A1 1o ) R A v o el B ey

K3 IRSBLCR G

2 = DC/DC % % 8 4 24 Al

XLl DC/DC A8 a1 g T 45 4 iy 20
KA TS A AR S A8 3 T )2 1 o
It % 1 4 T AR A2 i B9, XL DC/DC A8 3 2% AE
N e TR 2R S RS 2k B L R A A R W 44
Ko LG5 HE WL DC/DC i M i 2y R 3% 5 o
AT AR PRI, Fo s D 2388 H BN N E H
ERYIR G N, BAZS 5 W H DC/DC AR
FEA RSO RBOR DRSS

BRG] DC/DC 7R 3 i ) i v JE e
U SO W RS R B4 I AT, AR SCOH = A 5 5 28 XL 1)
DC/DC 7 i N 21 it Bl 1 38 31— 78 FL AR il
g, K 4(a) Frn iy =M1k DC/DC 22
AT EE e o ST, = A e ety
YE2h DC/DC ALt &% , F ML AR 8 I L 2% s 0K
SRS, A AR A1 o DC/AC W2 4R,
7 PR LU P A B B S FLE A LU 4
KL,

K4 ZHIZSHIFBREM R DC/DC AR g4 a4l

K = AHSHEHR FN G A 08/ T SO R AR, T
LA S Y A B B = X AR L N
KAG BTN ST AR OGRS (A5 BB T % 4
FIEE S D 25 Al T DG A G T O R R R A
.

BT =255 IR 16 DC/DC () =0 H S8 A FH
(R RE LGS, Se2H FURR A /N AR IR BT TR
SAHGRA IR H RS ER B 1 SR D LR, i R A
TAETHMEZS FEA L (CCM) . HIRFh a5ty
i 4(b) s,

T LR A TR

WA = A S I I F A B DC/DC AR 7 45 1
IS A 4 pros, Kb s s U, B (E A
400 V KR U, Sy 300 V, Xt 45 AH o 3 2R 47 45
il , g 3 g A A R I (R B KA 200 A DA
Xof LR A T AR

4 AR IGBT 538 ) FAE IGBT JCWiH,
FEL A R 5 00 308 1) ARG A, T A5 5 R it 7 RS
Ji RN



Pl SR HEA | EMCA

2018,45 (9)

di, (¢
Lp LL( )
dt

diy (1)
de

+Laddx3 :UI_E (1)

1
Al, =———|(U, —E)dt =
Lon Lp + 3Lade’< 1 )

U -E

TU" (2)
Lp + 3Lad(|
U -E
LP + 3Ladd = A]Lon Tnn (3)

K i,
L qg—PfH 0 L B
S AHAE A Buck H B R FE N HL
Mm——ﬁﬁﬁﬁ%ﬁ;
ESEE
il@fﬁ IGBT iéﬂiﬁlﬂ HLRREERAE R, il TH
T2 NV R S = e A ] = E L W E R <

diy (1) diy (1)
L + L X =-F 4
Pode aa X3 dt 4

1
Al =—|Edt = T. (5
el Lp + 3Lad(lJ’ Lp + 3Ladd o ( )
E

L, + 3L, = ATMTUH (6)

:thj Aanff—i\’éHf}’Tﬁ?ﬁ%?ﬁ;

T tf_—}l:;\éééﬂfﬁag Hﬂ‘rﬁj o
RABEEME R (S5) f= (6) i n] K5
L, +3L,, I HLIERAE . 2R, M SE A M L, {HH
16 mH, B ek L, {84 100 mH

3 EMATENRG G ERE

3.1 REiEHIRRE

ARSI K RE SR B A T B s L R S fE
AC/DC # i epit il DC/DC A5 3 febith , #&0%
A BLHOR AR N, R RS A8 28 L it N B
XA 0 PT 45T SR M o 12045 1) R I SR R I
T ] B RELR R R L 4 (B A T LA,
i PTG A BRE IR S % E, 5 R
LFEVER T MR, [R BRI SVPWM 5303 77 A ik
HWIKENE S, LB A A8 @ . DC/DC 28 i
AR SR FH = AH 38 48 K Buck/Boost 47 31 Hi i,
2 ) R TR 2 32 T L R /A R 3 R B ) 0L 34
PL 45t 7 2, 3 35 SR 0 3 00 P A Pl R
LS e A T, s PT R 2R A ER
oy

iR TR A S R (S R NG (=R N e U
AC/DC B R I, il AC/DC B L B K
A HL 280t PL SR 4 i i L o 7R
filt b X [E) 2 PWM 522 4 PWM 42 il SR 45 X6)
Feorprtst. e R G R HINER AN 5 R .

BS FEHARGEHIRER

& MATLAB/Simulink {)5 B 4 35 @& & T
HAY BRI TS R GEHY [F] 20 PWM 424 #1525 PWM
P R GBI X 2R 8 5 M) A E s RO L 3 )
P AL FELJERORIT 25 FEL S R S Y 7 L Sl ARk R A 7 45
WESE, IFxF 2 A R e iy 05 B85 R AT 3 A Fa
Xt o
3.2 Z=1E%4% DC/DC Timadss

1€ MATLAB/Smulink 71 #8 2 = #H 22 4 3 B
DC/DC ZZ i #8 W5 EAL AL, il LB AU 32
FEANE 6 FraR. PWM fil % Jok o= A= £ et 151 7
fizs o PWM A i e 4 DC/DC 2R g 45 il
H, B L K o ) o S R PWM AT RS AR, R] I
FH 22 G815 8 1 g R P TR R L A (0T s A FL 3t
FTBR UL o 3 = AR B ) SR8 S R A AN
AHALAH 25 120°, ¥ X% DC/DC 2% i 2% i 17 [ 25
PWM Fi1zg 4 PWM ?”’%’J%lﬂ%ﬂfﬁ?”ﬁ?ﬂo

ARICH = A B 0 R B E S 6%107° s, 4y
S5 R v (% = A8 00 S R 6 RN AR 52 AH 25 120°
FE 5 s #4705 EWFE . DC/DC 72 it i A H
JEIRE R 400 V., iyt & HL I L R 3l 300V, HLAL
LROH v Rk E 16 mH, S H B L R IR R
100 mH, & RN 2 200 wF,

4 FEAE

ASCAT; BRI BT 15T 118 73 R IR 2 T ) R 4 2
FEHRHLSEER 1 Fin. 5 EKMRE N R
AR oded5 BL MXHR 225 E R 0.001, 15 B
A ] E M 0.5 s,



2018,45 (9)

Pl SR HEA | EMCA

E 6 DC/DC 72888 = ik

K7 PWM A

F1 kHERHEMBERFTBEISH
e SR EIEA ZHUH
AWM/ V 220 || ERIFRAE/ He 10*
HE MR/ Ha 50 W IFINH/Hz  8.3x10°
A2 L) FL %/ mH 2 HL AL 2R 40 FiL g%/ mH 16
BB/ WF 2200 ER I %/ mH 100
E AR LRV 400 TR/ WF 2 000
gh i RV 300 HLLATUE L T/ A 6.8

P 8 Jir 7 by 70 B 28 90 52 T 00 R s R O 35
Mgk, [Al2 PWM 5 4l 5w 1 1 H s e 6 O
FFTE 220 V, BURBOEF- 1, IE X i, R SOE
R (L FEAS DR 80 A, FLURAT D VRl I, LR 5
PR 2 AR [, 2 25 DR RO e 5 52 B PWML 44 ol
g LR IR (R BE R 55 1 220 V, i R BOE IE
SEPERET, R BOE RIS R R 7E 2 85 A, HL RIS
PR, B HL R 7 A DR S — B, DR A



Pl SR HEA | EMCA

2018,45 (9)

8  AC/DC A2 A Ml L s AL R HE

K9 Jr7n Sl AC/DC 72 it a B M FL T e
Mk T 4 ) SRS s P R T FE 1% S TR R S
SO, W W7 FF B 247 2Ag 0. 1 s, i 28 IR 79 o 2 ) 55 W 227
REM L R ORFREAE 25 2 {400 VT LIRS PWM 4%
i M A P R B BN R E

K9 AC/DC A8 jiias B Ml B He e

P 10 fir7s >y DC/DC 72 i g Hh N e s 902
ek, RTRLE ), PR SR 7 0.1 s JR 5B
FEIBAT RS IIERRA D VEd gl (H T (5
ARYERFAE 300 V, 455 HUATHIAE

P10 DC/DC A i i O i J P

P11 Bz S G 20 R ri 2 el 3 S 8 AL TR e
gk, B 1L Rl DUA [R5 PWM 2 ] S s
B LB i G LR PR Sl ALY 1%, T
ACHE PWM 2 1 SR B FL 3L SO e A bk 5 3R 45
K, LK) AR BB 1A 2 24% o [F] 25 PWM 4 i
SR T ASELE L U K 3N B /0N, RV LSS 2 e i
PN A S S B AL AE R AN, N
B L HIAE B B4 S R (BB e g L AL

B 11 Sl Ui IR I e

5 % i

ARSCHE T — PR LK R IR S A L e
PL=AAZZ 5 DC/DC A2 R 48, 52 707 1 1
PT P SEms T [ 22 PWM 552458 PWM £l 75
o WFFEAERE N . [0 PWM 5l w2
SRPEE , R LR A R TSN s S B PWM
P SR B D A PR ECd B e, (H A LS 2 R Uk
RS AR . i FLFFE R W, [F] 20 PWM £ il
SR P 12T B K R UK S A T AR T LR A
L IITERE

(& % x K]

[ 1] FREs RGO e TR 0 10 3 1 i i
FHARKG BB T[] B e SR AR E
3 ,2011,32(4) ;. 44-51.

[ 2] XI5, B0, B30k e F sl R S & b 5e
AR SR IMIE R iR [T ] i T A sk ik
£5,2013,33(10) ; 143-149.

[ 3] MOHANED S D,AHMED A E,AYMAN S A. A nine-
switch converter based integrated motor drive and
battery charger system for EVs using symmetrical six-
phase machines [ J ].IEEE Transactions on Industrial
Electronics,2016,63(9) ; 5326-5335.

[ 4] MURAT Y, PHILIP T K.Review of battery charger
topologies, charging power levels, and infrastructure
for plug-in electric and hybrid vehicles [ J ]. IEEE
Transactions on Power Electronics, 2013, 28 (5) .
2151-2169.

(TF4% 33 W)



2018,45 (9) Pl SRR | EMCA

[10] WELCHKO B A. A double-ended inverter system for B, et al. Pulse width-modulated switching strategy for
the combined propulsion and energy management the dynamic balancing of zero-sequence current for a
functions in hybrid vehicles with energy storage dual-inverter fed open-end winding induction motor
[ C] // Industrial Electronics Society, IECON 2005, drive[ J]. IET Electric Power Applications, 2007, 1
Conference of IEEE,2005. 6. (4) : 591-600.

[11] KAWABATA T, EJIOGU E C, KAWABATA Y, et [16] M, Aok, B SOk T 4l ML R S dR D S il 4
al. New open-winding configurations for high-power RAFgELER [ )] B T8 R4k ,2017,32(4) ;. 76-
inverters [ C] // IEEE International Symposium on 84.

Industrial Electronics, IEEE, 1997 457-462. [17]  BeE A7, 4FH7, J8 AR BT 4R s il i 2L T 978

[12] SRINIVAS S, SOMASEKGAR V T. Space-vector- BRL TP LR ARG R D L T B Al AR [T ]
based PWM switching strategies for a three-level L T3 R ~2#4% ,2016,31(22) : 35-44.
dual-inverter-fed open-end winding induction motor [ 18] JEiEEES. M sh R4 /D HG 416 il 7k g IC R Bl
drive and their comparative evaluation [ J ]. IET RS0 [ D] 5T VLI K-, 2016.

Electric Power Applications,2008,2(1) ; 19-31. [19] HARA S, YAMAMOTO Y, OMATA T, et al.

[13] SEKHAR K R, SRINIVAS S. Discontinuous Repetitive control system: a new type servo system for
decoupled PWMs for reduced current ripple in a dual periodic exogenous signals[ J]. IEEE Transactions on
two-level inverter fed open-end winding induction Automatic Control,1998,33(7) ;. 659-668.
motor drive [ J ]. IEEE Transactions on Power [20] TOMOZUKA M, KEMPF C. Design of discrete time
Electronics,2013,28(5) : 2493-2502. repetitive controllers with applications to mechanical

[14] M3 MRk, 4 = T2 s HLds ) R ey HEpi i systems| C ] // Proceedings of the IFAC 11th World
JEI G 7 r o [T]. L T #%, 2013,30(9) . Congress, 1991 ; 243-248.

1113-1117. ks B . 2018-01-30

[15] SOMASEKHAR V T, SRINIVAS S, PRAKASH R

BETETLTL L TETLTL T TETETLTL L TETETETL LT TETETETL T TETETETL LT TETETETL T T TETETE T

(k3% 24 1) [10] SR Jg, SCtEe i 3R 4 S Ha 0T oL ) R GE Y 52 )

[ 5] HAGHBIN S,ZHAO S, ALAKULA M. An integrated JeHSRT] . A ki 4% ,2015,35(6) : 1-9.
20-kW motor drive and isolated battery charger for [11] skscss, sk, 2R TR 2l i 3R 42 1Y & R i 1)
plug-in vehicles [ J ]. IEEE Transactions on Power RETR LA BRI [T ] W 4R, 2009,33(4)
Electronics,2013,28(8) : 4013-4029. 1-5.

[ 6] BRUYERE A,DE-SOUSA L,BOUCHEZ B,et al. A [12] WG, B, Q. i iR E R 4 S Ik sl s
multiphase  traction/fast-battery-charger drive for — R NS [T]. B F 8, 2016, 39 (5)
electric or plug-in hybrid vehicles: solutions for 1215-1219.
control in traction mode [ C] // Proceedings of the [13] #E.3n) DC/DC AR 5 09 B F hil ik o8 5 it
2010 IEEE Conference on Vehicle Power and [D]. R B T K2%,2013.

Propoulsion, 2010 1-7. [14] T, HEF, 224k ). H T it g & 4 1 B m) DC-

[ 7] LACROIX S, LABOURE E, HILAIRET M. An DC AR¥eas F 5T [T fL T 4% R 2242, 2013,28(8) .
integrated fast battery charger for electric vehicle[ C ] 06-71.

// Proceedings of the 2010 IEEE Conference on [15] RBLAEIEEW R DC/DC AR e 45 1Y 54k S0
Vehicle Power and Propoulsion,2010; 1-6. [D].22H: 22 JNAZEK2E,2013.

[ 8] B, iR W g s 4 b B RE ST L R L ik i (16] Wb, 229, A Jl. 5 B I B 4R L[] DC/
S ] TR, 2013,36(2) ; 256-259. DC 84 85 Bt HE N [J]. b B AL C AR 2= 4R,

(9] FHEZ BRoh . 2208 18 58 5 - HK 2 8038 8 45 1l 4R A 2012,32(30) : 37-45.

FEARWFT[T]. A FE AL T R 224, 2009,29(18) -
41-46.

W ks H 4. 2018-03-26



