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A Nine-Phase Permanent Magnet
Electric-Drive-Reconstructed Onboard
Charger for Electric Vehicle

Fenu Yu . Member IEEE. Weil Zhang

Abstract—This paper presents a novel approach for an electric-
drive-reconstructed onboard chareser iEDROC) jor electric vehi-
cles incorporating a svmmetrical nine-phase permanent magnet
machine. To implement threc-phase power factor correction and
propuision battery voltage/current regulation, an exclusive utiliza-
tian of the nine-phase propulsion system is developed. First, a par-
alleled three-phase pulsewidth-modulated voltage source rectifier
is reutilized from six inverter legs and is directly connected to the
three-phase utility grid throvgh six-phase out of the machine sta-
tor windings. Second. a three-phase buck-type converter is recon-
structed by the remaining three-phase inverter legs and machine
windings. Third, to realize zero eleclromagnetic torque production
during the three-phase charging mode, the rolor parking posi-
tion is applied in the decoupling transformation matrix. Moreover,
controt schemes for a charging moede including current halancing
and interleaving strategy arc claborated. To cvatuate the steady-
state and dynamic behavior of the proposed EDROC system under
different operation scenurios. 3.3-kW Jaboralory prototype based
fests have heen conducted.

Index Terms—TFElectrie-drive-reconstructed. symmetrical. nine-
phase, PM machine. charging, electromagnetic torque.

L INTRODUCTION

ESERCH on electric vehicles (EV<) have attracied sub-
Rsumtiul attention in the last wo decades. As one of the
main focus areas. three-phase onboard fast charging solutions
for plug-in EVs were the most promisig [1=3]. These solu-
tions can enable drivers o charge EV s conveniently at muitiple
facatens where there exists an electric power socket, Thus, the
dependence on the traditiona DC Tast charging stations can he
relieved. Due o the dramatic increuse in the number of EVs, on-
board chargers equipped with the three AC interiaces have been
widely accepted as the key component for bigh power charging
in the fulure.
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Electric-drive-reconstructed onboard chargers iEDROCs
which power electronic devieces, currentvoltage sensors and
cooling svstem that are oblizatory for BV propulsion alreudy
exist onhoard ENs. are re-milized for charging. Due o their
commercial advantages of reduced vehicle weight cost and
required encrgy storage spuce. comprehengve research have
been placed on beth acaderma and industry recentiy and hence
numerows novel topetogics are intreduced [41-[13] Untortu-
nately, muiority of the propesed EDROCs which have been
daveloped hased on the three-phise machines can oniy cope
with the fow (single-phase) charging rate and only serve as
potentially sub-optimal <olution [ 14} On the other hand. when
the three-phase propulsion is reconstructed as a three-phase on-
hoard charger. the EDROCS may suffer rrom e problem of
non-zero lorgue production as discussed i 18] 79[ This prob-
fem can be convenienthy solved in terms of multiphase ma-
chincs. us discussed in [15]. With the existence of additonal
degree of frecdom i multiphase machine. the excilation from
the fundamental (torque/fiux can be transferred into other har-
monici planes that de nov vield torgae generation. Recently.
configurations imcorporiling six-phuse machimes have been -
vestigated as altemative soluuons for EDROCS [16]-[20] In
P16} and (177 two topoiovies of six-phase EDROC used in
asvmmetrical and svmmetncal winding cannections are pro-
posed. ih witich the phase transpesitien principle 1 adoepted Lo
cancel the starting terque production in the charging process
bused on utilization of & dual secondary winding transformer.
Thereafter. an alternanve topology of isclated EDROC incorpo-
rating a svmmetricat six-phase mducuon machine is proposed.
aims al repiacing the dual secondary winding transtormer with
an solution transtformer with six secondany erminals 1194 In
[20]. three six-phase EDROC 1opologies are considered based
on the symmerrical six-phase. asyrmetrical sbi-phase. and dou-
hle three-phase machines, which have distinct advantuges over
all aforementioned schemes. since they are uble 10 he divectly
conncared 10 the 3-phase wility arid without an exsential de-
mand of a ransformer. Simueltancousiy. the starting rorgue can
also he theoreticaliv elimimated by modifying the order ol ma-
chine phase conpections. However. it should be noted that the
machine currents are diverted i such way that stawor cwrrent
pulsates along vwo directions. Consequently. o starting 107que
may exist during the charging process.

T 21011220 an asymimetical nine-phase indoction machine
has heen incorporated o the developed EDROC configuri-
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