https://doi.org/10.69239/hondatechnicalreview.2003 15 2 11

g

Jguboogtdbobootduobootdd

Development of Traction Motor for Fuel Cell Vehicle

oooooog®
Shigemitsu AKUTSU
oooooog®
Tomoya MIYAMURA

ocooooooge©
Hiroyuki SATOH
ocooooooge©
Hiroaki SHINOKI

good

gobooooooooobm@mecXoooooooo
gbO bc oboooooobooboboooo

gboboboboobooboooboobooobooboban
gbobobobobooboobobooooo seM OOO
gboboooobooboooboooobobobobooo
gboobooooooobooboboboboboooboooo
gbobooobooboobooobooobooobooboooboon
gboobooooooobooboboboboboooboooo
gbobooooooobobobobobobooboooo
gobooooooooooooooooobooboooooo
gboboooooobobobobobobobooo
gboboooooooboboboboboboooooo
gboboboooboood

000O00000O0O0000ODOO00CoDOOOODeokwd
ooooo 272NmO00000 11000 pmO000nooog
gbobobz2oNmOOODODOOOOOODOOOOO
gboooooboobobo LtAMdobooboobobooooo
QUuuooon

ABSTRACT

A DC brushless motor has been developed as the
traction motor for the FCX, the world’s first
commercially marketed fuel cell electric vehicle.

This motor is adopted a salient pole type surface
permanent magnet (SPM) rotor, which enables both to
produce reluctance torque and to minimize the use of
magnets, for improving dynamic performance. The
inductance value is set at the limit value of enabling
output at the maximum rotor speed, which suppresses
field-weakening current. The motor, therefore, achieves
both high output and high efficiency. The utilization of
the magnets enables continuous operation at the
maximum rotor speed by suppressing eddy current loss
by means of magnet surface insulation and magnet
segmentation, and by raising the limit of irreversible
demagnetization by means of high coercive force of the
magnet material. Strength reliability at high rotor speed
in consideration of degradation has been assured by
applying the Weibull theory as a method of evaluating
the strength of magnets which was formed of brittle
material.

The employment of the methods described above has
resulted in a maximum output of 60kW, a maximum
torque of 272Nm, a maximum speed of 11,000rpm, and
a continuous rated torque of 200Nm. In addition, the
combined efficiency of the motor and inverter achieves
93% in average of LA4 mode.
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Table 1 Comparison of Motor Specifications

| McF11 (EvPLUS) | MCF21 (FCX)
Type PM synchronous PM synchronous
motor motor
Phase 3 3
Pole 18 12
Rotor Type SPM Salient SPM
Cover GFRP None
Magnet | Material Nd-Fe-B Nd-Fe-B
iHc > 2 388kA/m > 2785kA/m
Cooling system Water cooled Water cooled

Fig. 1 Appearance of MCF21

gbobobobobooooooooobobobobo
gboboboboobooooooooobobobooog
gbooooboobobooboboobOob MCF11
oo s2z€m 00000000 OO0ODOOOODOO

3.1. 00000000

000o000oDoo0ooooooooooooooo
oo0doo0o0ooooOooPPOoooooooooood
OO000000000 PNOPermanent Magnett O OO 0O
000000ooO0o0oo0o0oooooooooooooo
O0000D0O0O00O0D0OOO0DOO0 SPMI Surface Permanent
MagnettD O OO0 OO 000 SPM OOOO0OOOO
000000 Fig.2 0000

Hook Salient pole
\ [

Magnet

Yoke

Fig. 2 Rotor structure of salient SPM

32.000000000000 M OOO
DC OObOOobOOobOobOobOobOobOobobOobon

g 740



gbobobobooooooon

uoboooo 7 oooodooooddibe 00000
pOdigOOOOOODOO jOi0digqOOb0Oonon
goooad LdDLqDDDD]DD]DDDDDDDDDDEEI

TP, @ i+, (L,0L)ii, 000

tpr onoonooooonoooooobooonoog
uoboooo LpL oooooooboodoobodd
goboboooooon

0000000000000 j,00000000w0O
oooo v, ooomomoooo

L1 :
R e 0oo
d d

Iy=

LOooooooooooooooonoooooooon
ooooooooooogoerqm

gbobooboobobobooobooooooooon
oo0000000O0O000000O0O00000FRg. 300
d 000000000 0DOODOO0omOoOoooog

P=Vom ooo
d
Aq—axis
Talg - wLgly (torque axis)
Circle of
maximum phase Iralq
voltage
meax
™ ~h Counter
electromotive
force
wlLgly
wd,
Phase voltage ~ 4-2X1S

Vi (flux field axis)

Fig. 3 Vector diagram of operating point at maximum
power
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Fig. 4 Torque characteristic and current phase
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Fig. 7 Results of simulation of resistance to
irreversible demagnetization
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Fig. 8 Nonlinear analysis of salient SPM Rotor
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Fig. 9 Weibull plot for magnet strength
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36.00000

gboboboboooooooooooobooobooobooon
gbobobobobooooooooobobobono
OO0 PWNI Pulse Width Modulationtd 0 0000000
gboobooooooobobobobooobooobogon

gboboboboobooboooboooboooboobooban
gdoooCOoOoOoOoOoOoOoOoOoOoOOOUOOooOOoOOoeeYm
gboboboboboboobooboooboobobobo
o0000oO00w2000000D0000DOO0OODOOO

goobogooo
MCF21 O0ODOO0O Table2 OOOODOOODOO

gboboboboboobooboooxgbobobobo
oboobooooonbD MCF11 000 2400000000

Table 2 Motor performance

Type MCF11 MCF21
(EV PLUS) (FCX)
Maximum power (kW) 49 60
Maximum torque (Nm) 275 272
Maximum speed (rpm) 8750 11000
Max. torque x Max. speed 2406 2992
(KNm rpm)
LA4 ave. efficiency (%) 90 93
Maximum efficiency (%) 96 97
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