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Electric-drive-reconstructed onboard charger with demagnetization analysis

Qiu Linhao  Yu Feng Zhang Yuhao

(School of Electrical Engineering and Automation, Nantong University, Nantong 226019, China)

Abstract: The electric-drive-reconstructed onboard charger ( EDROC) can effectively reduce costs and occupy the
volume of charging equipment by reusing the drive system components into charging system and executing the electric
drive and charging functions in a time-sharing manner. However, there is a risk of irreversible demagnetization of
permanent magnet synchronous motors in EDROC systems at high temperatures. In view of this, this paper analyzes
the degree of demagnetization of the motor under different conditions, and proposes the safe and stable operating
conditions of the motor under charging conditions. Firstly. the winding currents of the EDROC system under DC
charging mode and in-motion charging mode are analyzed. And then. the irreversible demagnetization model of the
motor is established. Moreover, for different charging modes, detailed analysis is conducted on the demagnetization
degree of the motor under different temperatures and charging currents. Based on this. the indispensable conditions for
safe and stable operation of motor under charging conditions is established. Finally, experiments were carried out based
on a 2 kW laboratory prototype to verify the accuracy of the irreversible demagnetization model and the necessity of the
conditions for safe and stable operation of the EDROC system.

Keywords: EDROC;demagnetization analysis;electric vehicle;six-phase machine

| A ) I 4R RS

[l

FREE T AL Gedkit 2%+ o Bl 45 M Dy — ol ol 2 i 6 R
e 12 25 7 Y o) Y A8 58 L T I 8 R Y ) R
SRR AT L3 g 22 2 T A A R R e RS B T R
FL o (R 7 FL R IO AN R A G A A 3 2R BR A R A i 29 F
HUBR A A 32 R S — R O IR TR B A N
WL A — B T ARG LR B % i vl R A R
froem. SIEERABRGEMIL . FHTHRE T L.

W H 199 :2024-06-06
* FEWH . FEHARPHEE 4 (5217705 T B % B

hy iR TR A 50 7 3 5T P R B AR R L U v 2
SR A5, A SCHRER Hh T — Al H B A T 42 4 58 H Celectric-
drive-reconstructed onboard charger, EDROC) & 4t 1Y %
Il IR R G E AN T R G 43 AT L R
FE L I RE . S I ) AR S 4 T RE 4 AR T 4R R A B
R A, BE 9 A AR AR LA BN TS LB A I R R
Y, MR S EDROC 85 5k BF 58 #4452 Fh 3 b 25 14
HRAkgAR T,

. 23 .



5 AT & v F o

T # K

EDROC R4+, B AL 58 20 BE 7T A T 3K 2 e AL, 0 7T %
R Ay P00 308 38 Pl SRR el R LR, M TR RIS AT R G
EDROC R4t £ Uy fE i) 52 B35 s S BOR AL W & 24 fb . L
AL S TR 0 7 A AN RT3 3R 0 1 AU, 50t me L 5 ek
/N EDROC % Gt 42 il ROCR R AR X B 3l VR 48 19 22 4 1 I
A8 R I H AL A i el B SR R AR, T 4R
R o [ N Hh 2 AR UGS 2% 28 i i L AL Y B R R T T IR B
5%, Kim 50 BB GE T A e 2R 2 W =X ok i 8 i B O
LML A 1R B AR | O 0 L R S R B A R RE E AT L8R 5 Jeong
0wk e mh 5X sk ®E W 2 B ML (permanent magnet
synchronous machine, PMSM) i 1B # & b #E47 T 43 #1 . IR
AHHFEE T IR A A I T ik . R L 32 A DR B S AT X
LRI, A7 AT B = AR P 4% 2 PMISML 78 A 78 v A =
AHFEH A0 T B IR 0 R AT T T RARESE T 5 F H
W A 1Y bk s #E 35 e % w5 3 X K #E R ( permanent
magnet, PM) iR # (1 5% i, B 8F 57 2R BR T 22 i 58 i AR
R AT AR WL, oS A R L S AL 8 4 46
) o T o3k 5 D8 38 7 I LR R T U EDROC &R 42
ME B, BAMTE A SCHR Bl = X 7S A v AL B T TR L
Ko B0 FE A 2 PMLAR w1 TS 43 A Tl B o 2R A SCR X
JBAT I L Bl VR G 0 A sk e AR R AT B R 4 BT, o8 B i T
FE R P EDROC #4809 % 4 1 38 G 2, 09 Jm 22 19 AF
R ITAERER R X H¢

AR SCEE T DL 1 RIS A A Y [R]85 a3 A IR T L DA
Ko B i FEA T i A LG Y IR T 4 G R BR DT
(finite element method, FEM) , 43 #ff H: 7~ nl 38038 #f . i
3% L T s 2T T B RN T PR F IR X fEL AT IR e Y 5 e
WA EDROC 2 4t 5t # B = o (9 3R 2 XU, O 42 10 B A
Fol T N 2Bt R DR SRR E N % &5 0]
SEVE BT 38 R S0 T T L ML IR AR R 0 ME A

1 THEEKXSHIIPIIR

AATET EDROC RS, 4T AR 8T RE i FH
2Ky, Wl 1 BEas, 75H EDROC £ %8l — 754 PMSM, —
ANZSAH T LT 300 AR g — AN L L — A B A L PR A A D) 4
X — A B R AN — 4] 2 100 % fR A (vehicle roof photovoltaic
panels, VRPPs) FUHL 24 i, G146 3 A g 47 B 5K 1) W BK S
AL B A DM AR, T SO IR
AN GE M R FE T RGN AR SOR B R
1.1 ERFEBEERX

M VAT B R, B 1 e S, M
A EH T M PSR AE S A PMSM AN v S 2 1], B
SR GE AL I I AE SR PR R U, P A B L IR Sl L R
At TR R . R, T2 PR IS T LA AR ARl E R 1 T D Boost L
B IR T e E A, LR A R B B 2 R, [
FRHR X=A.B.C. FFrY=U.V.W, HH TR {CH
i S TR G VR R N STt W I

o« D4 o

| - e
essssssss [ el
KB BEJBARB INFHIS AR Bt
F 1 EDROC &% H b
Fig. 1 Circuit topology of the EDROC system
. T 1
7, :?[*IL,{ — 1, — 14 T, T, I,.] [@D)
Ao e T, o B U A L
—
I

¢
S
i

R/ ek

&l 2

Fig. 2 Simplified circuit of DC charging mode
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Fig. 16 hxperlmental waveform of DC charging mode under

safe and stable operating conditions
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under safe and stable operating conditions
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