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Abstract
A small sized electric vehicle has been designed and fabricated to decrease the running power consists of mainly the
rolling resistance and the aerodynamic drag. The 18kg light body was realized by carbon fiber reign-forced plastic (CFRP).
Further, 93% high efficiency DC brushless motor has been developed by using iron based amorphous core. To increase the
energy efficiency, electric double layer capacitors (EDLC) having large capacity have been applied to the energy storage
system of the electric vehicle. This paper reported on the trial developments of the super economical electric vehicle.
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Fig.1 Drawing of the electric vehicle.
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Table 1 Specifications of the electric vehicle.

Table 2

Table 2 Comparison among the soft magnetic materials.*

Vehicle LxWxH 2860x610x550mm
Dimensions Wheel base 1100mm
Track 440mm
Weight 23kg
Equipment Chassis CFRP monocoque
and Body CFRP
Construction Wheel 20inch aluminum alloy
Tire Michelin 20x1.75
Transmission Single stage chain
Motor Type DC brushless
Manufacturer Tokushudenso
Weight 1.5kg
Battery Type Sealed lead acid FT-4L
Manufacturer Furukawa battery
Capacity 12V-3Ahx4
Capacitor Type EDLC
Manufacturer Nippon Chemi-con
Capacity 13.5V-65F%4
13.5V-100Fx1

Fig.2 Exterior of the developed electric vehicle.
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Soft magnetic material Saturation High
magnetic frequency
flux density | iron loss
(T) (Wikg)

Non-oriented silicon steel 1.90 325

plate

Super micro crystalline iron 1.25 20

Iron based amorphous 1.55 40

Permalloy 0.70 97

DC-DC

1.5 27mm
Fig.3(a)

Fig.3(b)

Fig.4
Fig.4 N T
P n

93%

Table 3

100W




Table 3 Values of the DC brushless motor.

Assigned power rating SOW
Nominal voltage 24V
Torque constant 0.0864Nm/A
Counter electromotive force coefficient | 0.00856V/rpm
No load speed 2793rpm
No load current 0.15A
Evaluated resistance 0.45Q
Max. efficiency 93%
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Fig.3 (a) Developed DC brushless motor having iron based 5 2003 WEM
amorphous core. (b) Inner view of the stator. < Tokai Univ.
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Fig.4 Comparison between amorphous and conventional core.
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Fig.6 Electric double layer capacitor for the regeneration

brake and acceleration.
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Fig.7 Three states of the energy storage system.
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Table 4
Table 4 Values of the electric vehicle.
Total mass (include in driver and batteries): m 95kg
Rolling resistance coefficient: 0.0036
Frontal area: A 0.27m?
Aero dynamic drag coefficient: C, 0.15
Tire diameter: 2r 0.5m
Gear ratio: G, 6.4: 1
Mechanical efficiency: n,, 0.97
Electrical efficiency: N, 0.93
5.2
Hmg (N) (1
H m (kg) g
(m/s?)
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Fig.8 Dependence of running power on speed.
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