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Development of CFRP Rotor for Flywheel Battery
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ABSTRACT

Filament winding of CFRP (Carbon fiber reinforced
plastic) was chosen as the shaping method of the rotor
for the flywheel battery because it has the feature of high
specific energy. To avoid the delamination problem in
this method, press fitted multi-ring construction
consisting of CFRP ring with high elastic modulus,
CFRP ring with medium elastic modulus and aluminum
ring was chosen. Taking the safety factor of 2.0, we
designed and made the rotor with three rings, with
optimal material and dimensions for each ring. Through
the rotating test up to 70 000rpm, it was proved that this
rotor has enough strength to meet the safety factor of
2.0, and stress measurement up to 50000rpm
demonstrated the exactitude of the calculation.
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Fig.1 Outline of ANG-HEV system
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ECU: Electric Control Unit
PDU: Power Drive Unit
Mot/Gen: Motor/Generator

Fig.2 Outline of flywheel battery system
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Table 1 Specifications of flywheel battery
Max power 30kW
Usable energy stored 500Wh
Total weight 100kg
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Fig.3 Rotating disk
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Table 2 Comparison of available specific energy

Density | Poisson’s| Tensile Specific

p (kg/m3) ratio strength energy
v Smax Q/Wt

(MPa) (Wh/kg)
Maraging steel (MAS2) 8000 0.31 2942 62
Carbon steel (SCM435) 7830 0.28 1373 30
Titanium (Ti-6Al-4V) 4430 0.19 1177 46
Aluminum (A7075-T6) 2800 0.29 569 34
Thermoplastic (Nilon66) 1140 0.3 78 12
Synthetic fiber (Nilon66) 1140 0.3 665 98
Aramido fiber (Kevlar129)| 1368 0.3 2334 287
Glass fiber (S-Glass) 2103 0.3 3158 253
Carbon fiber (T1000G) 1620 0.3 4459 463
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Fig.5 Stress and strain
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Table 3 Rotor design requirements

Usable energy stored 250Wh™!

Total energy stored 333Wh

Available speed range 0 to 50000rpm
Operating speed range 25000 to 50000rpm
Burst speed over 70000rpm
Rotor radius =Rotor Thickness
Inside diameter/outside diameter | =0.7

g
g
g
g

*1 Use two rotors for canceling out the gyro-moment
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Fig.6 Relation between rotor outside diameter and
stored energy
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Fig.7 Stress of T1000G rotor at 70 000rpm
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Table 4 T1000G material specification

Hoop strength Radius strength Density Hoop modurous | Radius modurous Poisson’s ratio
06 max (MPa) or max (MPa) p (kg/m3) E 6 (GPa) Er (GPa) \Y
2675 15 1568 167.6 10 0.33
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Table 5 Specification of flywheel rotor

oo oooooooooooo Specificatior).offl.ywheel rotor
godddobooooooooooooooooooooaa Outside dlitggeter Spicg%at(ﬁr;'l) remarie
goooooooooOoooOooo0o0ooooooooo Inside diameter ¢180 (mm)
00000000000000000000M4NOO00 Thickness 26x5=130 (mm)
Weight 6.87 (kg)
000o000o00ooOooO 7300 0000000000 Maximum energy stored 336 (Wh) 50000rpm
Jgoog A7075-T6e JOooOooOooOQg Outer ring Middle ring Inner ring
Material M40J T300 A7075-T6
0D0000000000000000000095000 RET
000000000000000 Fig8 000D (mm) | @270 235 #190
D000000000000000000000000 o | 235 $190 180
dodddobooooooooooooooooooooo Interference 400 (um) 800 (um)
000000D0000D0000D000 Viof CFRP] 60 (%) 60 (%)
—— : Hoop stress
— : Radius stress
3000 150
Hoop stress does not OK
2500 [ exceed hoop strength = 125
2000 //\ Hoop strength of M40J - 100
- =
S 1500 fvarer.oop strength of T300 75 2
> ©
° : T ?
@ 1000 ~~———___ Radius stress does not= OK 50 o
Q exceed radius strength %
> Strength of A7075 P
& s00(fseier T Ragius svenah ol OFRE ..o h | P
T [
0 ‘ I 0
-500 25
A ’
—-1000 -50
N\
90 Radius r (mm) 135
! () Radius stress is under 0 \) \
! = Not separate = OK +—> ) %
| Radius stress :>:
H (/5]
| 2
! A7075 Standard CFRP T300 High modulus CFRP M40J.

Fig.8 Stress calculation result
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