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Spin Test of 5 kWh Composite Flywheel Rotor
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Abstract A 5 kWh composite flywheel rotor was designed and manufactured, and its spin test was performed
to monitor strain distribution and burst speed. Strain distribution in radial and circumferential directions of the
rotor were measured using a wireless telemetry system based on bluetooth technology for real-time strain
measurement. The strains was compared with pre-calculated design values to verify the initial rotor design. We
noticed the rotor failed at 19,499 rpm in the spin test, 11 % lower than the predicted burst speed of 22,000
rpm. Failure occurred at the hub which connects the shaft and the composite rotor. The performance of the
composite rotor was confirmed in a general sense, and the danger of unexpected failure of composite rotor
during high-speed spinning was also demonstrated in this paper. Special attention should be paid to not only
composite rotor but also hub when designing a flywheel energy storage system. The telemetry system needs to
be further developed, especially enduring the high centrifugal forces, and can be used in a real time monitoring
system for the flywheel energy storage system.
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[E 1] 5 kWh EB3A)] Zeto|d ZE ARk

Symbol 5 kWh Unit

Specificat ions

Burst speed @ par 22,000 rpm
Masximum operating speed O e 19.000 rpm
Hub ring thickness th 15.0 mm
rotor inner radins »; 163.0 mm
Thickness of riml (Glass/Ep) t 110.0 mm
Thickness of rim2 (Graphite Ep) ts 77.0 mm
Interference between rim1 and rim2 &y 0.90 mm
Rotor height h 320.0 mm
Polor moment of inertia Ip 12.3 kg-m2
Ip/It ratio ITply 1.60 -
Rotor Maximum stored energy E e 6,742 Wh
Usable energy E yeable 5,057 Wh
Mass M 172 kg
Specific enery density SED onrie 29  Whikg
Polor moment of inertia Ip 12.7 l-cg-m2
Ip/Tt ratio Iplr 1.35 -
(flll?;;hii M stored enetey | E s 6997 Wi
“rotor) Usable energy E eable 5,247 Wh
Mass M 230 kg
Specific enery density SED oovie 228 Whkg

Glass/EP ring  Carbon/Ep ring

Composite flywheel rotor
Split type hub
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Bluctooth module
bridge circuit 2

Multiplexer

Regulator

Microprocessor 339

Variable ID.=118mm
resistor O.D.=164mm

(a) Transmitter

(28 4] % ehe) 541 B4 2w

(b) Receiver
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Wireless Telemetry system  Unit

Spedfication

Data Transmission type Bluetoth type (2 4GHz)

Connecting type (PC to receiver) Rs232
Resolution 10 bit
signal input voltage range 0~2.56 W
signal voltage gain 147.85
Number of ch. 16 ch.
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Dir Location _Usit
Radial 173 mm
Radial M8 mm
Radial 265 mm
Radial PLER
Radial 173 mm
Radial 265 mm
Radial 235 mm
Citcumferential 173 mm
Circumferential M8 =m
Cirzumferential 263 mm
Gircomferential 285 mm
Circumferential 30 mm
Eub ring radial 155 mm
Hubring circvmfecential 153 mm
Hub wing adial 1450 mm
16| Hub wing ciroumferencial 140 mm

- Retor
Radial mechanical strains - ch. 1- ch. 7
Cireum ferential mechanical strains : ch. 8- ch. 12
- Hub
Ring : ch. 13- ch. 14
Wing : ch.15- ch. 16
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Specification MEI(Maruwa Electonic Inc.) Unit
Maximum Diameter 2.000 mm
Maximum Height 1,900 mm
Weight Capability 300 ke
Speed Capability 30,000 pm
Motor type Air turbine motor -
Motor power 60 kW
Vacuum below 80 Pa
Monitoring sensor 2-axis (displacement)

Steel Protector (double rim) 30 mm
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