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Recent Progress Trend in Motor and Inverter for Hybrid Vehicle

Sung-Jin Kim', Sueng-Min Hong', and Kwang-Hee NamT

Abstract

Many efforts have focused on the improvement of power density and efficiency by downsizing the motor and
inverter. Recently, Toyota, Honda, and GM realized that the compact-sized motor uses the hairpin structure
with increased space factor. Reducing the maximum torque from high—speed technique also makes it possible to
design the high-power density model. Toyota and Honda used the newly developed power semiconductor IGBT
to decrease conduction loss for high-efficiency inverter. In particular, Toyota used the boost converter to
increase the DC link voltage for high efficiency in low-torque high—speed region. Toyota and GM also used the
double-sided cooling structure for miniaturization of inverter for high-power density.
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Fig. 1. Volt stator with hair pin. (a) front side, (b) back
side with welding.

= NN
o o w
It | |
I 1

=
w
|

Normalized Cooper Loss (p.u.)
=
7]
f

=
o

1
15000
Speed (rpm)

T
0 5000 10000

6 Conductor

—@— 4 Conductor ¢
Fig. 2. Normalized joule loss of a four-conductor per
slot design vs a six-conductor per slot design'™.
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TABLE 1
IMPROVEMENTS OF TOYOTA HYBRID
TRANSAXLE",
Transaxle P610(4th) | P410(3rd)
Vehicle Class Compact
Type Synchronous AC motor
5| Max. Power (kW) 53 60
E] | Max. Torque(Nm) 163 207
Max. Speed (rpm) 17000 13500
Reduction Gear Ratio 10.83%5 8612
Weight (kg) 56 -
Overall Length (mm) 47 -

Eobgn o 410 (Planetary gean
< 163 P610 (Parallel shaft gear)
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Fig. 3. Toyota P610 motor downsizing through gear

ratio increase™.
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Fig. 5. Comparison of 1st and 2nd generation Volt EV

modes™ !,
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TABLE II
VOLT GEN.1 AND GEN. 2 DRIVE UNIT
SPECIFICATION™.
GEN 1 GEN 2
Gear ratio, A 145 B 324 | A1 287 B 3077
EV mode - o - e
MF)des, 9 3
engine on
. . A 12}
Fianl drive | 1o 516 | g7l0le
arrangement ol g8 714
A%, NdFeB BEXH Fojd
Motor A He ’
otor A type 244 Ferrite 24
A
Motor A pealk 186 / 5 118 / 48
torque / power
BEXY Fojd, Xy o],
Motor B tye NdFeB 4] NdFeB 44
M B
otor B peak 370 / 111 %0 / 87
torque / power
Effgctwe f@nl 216 264
drive ratio
Power electronics | ##]® 144 AgE A
Total system 164 119
mass (kg)
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Fig. 6. Comparison of Volt vehicle acceleration vs
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TABLE IV
COMPARISON OF HONDA PCU 1st AND 2nd GEN®.
GEN 1 GEN 2
HEV | Max. Torque(Nm) 307 315
M| Max. output(kW) 124 1%
Max. output(kVA) 400 388
Max.
alx b‘z%s)t 700 700
Fig. 7. Volt 2nd generation inverter. voltage
Max. current 130 20
(Arms)
TABLE I PCU Generator max 15 155
INVERTER SPECIFICATIONS OF lst AND 2nd GEN. current (Arms)
VOLT INVERTER™. Weight(kg) 174 143
VOLT-1 VOLT-2 Volume(L) 115 89
PARAMETERS INVERTER | INVERTER .
Power density 248 1536
NVA | IWB | IWA | IWB (kVA/L) ' ]
Max Phase Current (Arms) | 220 430 325 325
Max AC Power (kW) | 5 | 111 | 48 | & TOYOTA GEN 3 Eﬁf% CONTEOL (I
R 1D 1
Max Fundammental Freq (H) | 800 | 950 | 800 | 1200 AISPECEIHC AnoN[EIﬂ,l NTH
Continuous Phase 150
Current (Arms)

V (peak), V(nominal) Max total output(kVA) 1778 1622
Coolant Temperature (°C) » Max boost voltage(V) 650 600
Flowrate (L/minute) 10 Mbtar Mex current(Ams) 170 180
Max AC Power (kVA) 221 180 Generator max current . -

Power Density(kVA/L) 169 17.3 (Arms)
Power Density(kVA/kg) 1514 21.69 Weight(kg) 135 119
TPIM Mounting / /E?(ggr%al Transmission/ Volume(L) 11.2 68
AC Cable AC cable Internal Bus Max output density 59 .
(kVA/L) ' '
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TABLE VI
COMPARISON OF VOLT-1 AND VOLT-2 BULK
CAPACITANCE".
Volt - 1 Volt - 2
Film Thickness 98 925
(um)
Bulk Mn.C?Slz;gltance 850 0
Cap
Dimensions(mm) | 240x166x32 | 247x158x29
Volume(L) 1.27 1.13
Foli= w23 24 o|tf.  Toyotadl A= A
H EEd 7154 AFS F3 PCUY F39 A7|&
=3t WA DC lﬂi Hle} smoothing (snubber)
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