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Abstract: Owing to the increasing worldwide interest in green technology and renewable energy sources, flywheel energy
storage systems (FESSs) are gaining importance as a viable alternative to traditional battery systems. Since the energy storage
capacity of an FESS is proportional to the principal mass-moment of inertia and the square of the running speed, a design that
maximizes the principal inertia while operatingrunning at the highest possible speed is important. However, the requirements for
the stability of the system may impose a constraint on the optimal design. In this paper, an optimal design of an FESS that not
only maximizes the energy capacity but also satisfies the requirements for system stability and reduces the sensitivity to external
disturbances is proposed. Cross feedback control in combination with a conventional proportional-derivative (PD) controller is
essential to reduce the effect of gyroscopic coupling and to increase the stored energy and the specific energy density.
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Table 1 Parameters of analysis cases and the limiting speeds
1,/1, 1, , 1, , 7, (m) A (m) m (kg) Q, Qr, Qo Qe

(kg-m®) | (kg-m’) (H2) | @pm) | @pm) | (pm)
0.3 13.42 39.76 0.27 0.8 431.2 116 5,568 | >20,000 | >20,000
0.5 13.97 27.81 0.29 0.64 391.8 147 7,056 | >20,000 | >20,000
0.7 13.98 19.27 0.31 0.48 342.6 187 8,976 | >20,000 | >20,000
0.9 13.53 15.00 0.33 0.38 302.8 224 10,752 16,700 16,300
1.1 13.94 12.64 0.35 0.29 272.0 265 12,720 13,900 13,600
1.3 13.70 10.49 0.38 0.2 227.7 323 15,504 12,000 11,800
1.5 13.81 9.19 0.45 0.11 173.6 406 19,488 10,800 10.600

2 mdsw 0w 2.
Hyp(s)=K,+K,s (14)
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Table 2 Controller gains used in the optimization

I,/ 1 03 1051|0709 ]| 11| 13|15

K, 52.6 | 48.1 | 42.5 | 379 | 344|293 | 23.2

K, 0.59 | 0.53 | 047 | 0.41 | 0.37 | 0.31 | 0.24
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