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Development of Compact Flywheel Energy Storage System (ComFESS)

O0O0O0OO0A.KUBO 0O0O0O0OOH.KAMENO 0O0O0O0O0OR TAKAHATA

The objective of this research program is to develop a flywheel energy storage system that can replace the lead battery
involving inherent problems in terms of maintenance and environmental reservation. The basic specification set forth has
been "1 kWh class system (ComFESS) capable of providing a backup power supply of 300 Watt for approximately 3 hours",
for which challenges were reduction of windage loss and rotation loss. Therefore, the flywheel is housed in a vacuum
container and an active magnetic bearing is adopted to support the flywheel without contact.

This paper concerns the Watt loss as related to the specifications of the active magnetic bearing (AMB) and
motor/generator. Specifically, discussion will be focused on the approaches employed to cut down on the whole Watt |0ss of
the flywheel system to approximately a quarter of that involved in the conventional system. This improvement stems mainly
from the reduction of AMB loss achieved by means of the zero-power nonlinear control.

This zero-power nonlinear control, being able to dispense with the bias current, enables both the AMB loss and the power
consumption for AMB control to be minimized.

Key Words: flywheel energy storage system, ComFESS, active magnetic bearings zero-power nonlinear control,
hysteresis motor
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Classification of COmFESS loss
@24 000min""
Conventional | Target
(W] (W]
Loss of AMB 500 100
Windage Loss (at 1Pa) 50 50
Loss of Motord Generator 200 95
Total 750 245
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02 ComFESSOOODO
Main specification of ComFESS

Rotor

Total Mass of Rotor: 75kg

Main Shaft: Outer dia. @ 75mm
Length 258mm

Flywheel: Outer dia. @ 440mm
Inner dia. @ 300mm
Length 260mm

Energy Storage Capacity 900Wh (effective)

Kinetic Energy of the Rotor | 1.6kWh (24 000min"")

0.1kWh (5 000min"")
Power Capacity
AxAMB AMB (1 DOF)

PM biased AxAMB
Control method: Nonlinear control
RaAMB AMB (4 DOF)

Control method: Linear control

Electromagnets. Hetero-polar

Rotor lamination: Silicon steel plate

Touch Down Bearings Emergency support for

Upper Side: Radial direction

Lower Side: Radial direction and axial
direction

AMB Controller 800 150DCV

Power supply for magnets: | 40A (total)

Max. current for AMB: 8A (max) for each
electromagnets

Amplifier ; PWM
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03 ComFESSBBOOODOOO
Measurement of ComFESS BB loss

0 24 000min"”"

Target ComFESS BB

Measurement
Motor{ Generator (W) 25 30
MotorO Generator controller (W) 70 20
Motord Generator total Loss (W) A 9 50
Ball Bearing (W) 200 200
Windage loss (W) 50 50
Rotational loss (W) B| 250 250
Total loss (W) A+B | 345 300
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04 DOOOOOOOOOOOCOCCOOOOO
Parameters of rotor-AMB system

Symbol Value Unit
M 13.672 kg
L 0.173 ke’
I 0.186 kem’
L, 0.0499 m
L 0.1676 m
L, 0.02535 m
K, 4.47% 10" Nm'/A
K 4.47x 1077 Nm'/A

X0Y, 0.25% 107" m
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05 O0oooooooo
Rotational speed vs power consumption

Rotational speed (min”")
0 600 | 1200 | 1800

Zero-bias method (W) 64.8 | 644 | 644 | 70.9

Bias, method (W)

112.2 | 111.7 | 112.1 | 112.1

|Energy reduction (%) ‘ 48 ‘ 47 ‘ 48 ‘ 41 |
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