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Abstract

An optimum design has been performed to maximize specific energy density(SED) of composite
flywheel rotor for energy storage system. The flywheel rotor is assumed to be an axisymmetric
thick laminated shell with a plane strain state for structural analysis. For the structﬁral analysis
the centrifugal force is considered and the stiffness matrix equation was derived for each ring
considering the interferences between the rings. The global stiffness matrix was derived by

integrating the local stiffness matrix satisfying the conditions of force and displacement compati-
bilities. Displacements are then calculated from the global stiffness matrix and the stresses in
each ring are also calculated. 3-D intra-laminar quadratic Tsai-Wu criterion is then used for the
strength analysis. An optimum procedure is also developed to find the optimal interferences and
lay up angle to maximize SED using the sensitivity analysis.
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Table 1 Geometric input data and initial design
variables of flywheel rotor

Input data Value Unit
Inner radius(r,) 0.05 m
Outer radius(ry,) 0.1 m
No. of ring 10 Number
Initial angle(¢,) 20 Degree
Initial interference(s)) 0.000005 m

T300/52080] 2glen ZAHXE 7h2 Sulydoz
4] Table 26} A= i) 1219 28l9) o]k (.1
me, AALTe: 0.023562 kg m?o g Zof
Frh

£ oAE 53 A3 nyy AdAwWso ae}
73 ¥(case) 1~42 EF3lich A% 1S A4+
2 A%E o7t 28 33y, A4S 2 4EE ot
AERE ¢%, 7S 3 A5 0ot DAY &E,
BF 4 AEE o, AFHE ¢, P F =
5 nestdel, 4 Aol wat AR A A&
=9 SEDE Table 3o eMAc}, o] Az A&
7teRohs Ak o3 530 ade AL o

Table 2 Material properties of Graphite/Epoxy(T300/5208)

Material property Value Unit Strength Value Unit

Ee 181 Gpa X 1500 MPa

E;=E« 103 GPa X 1500 MPa

Go:=Gor 717 GPa Y 40 MPa

Gr. 7.17 GPa Y’ 246 MPa

Vor == Vez 0.28 S 68 MPa

Vrz 0.28 Density 1600 kg/m?

Table 3 Case of optimum design of flywheel rotor
Case Considered D. V. Not considered D. V. Max - @[rpm] SED[Wh/kg}

1 7 $=0, &=0 55900 29.75
w, ¢ =0 56400 30.28
3 w, ¢ ¢=0 86900 71.88
4 w, ¢ & 87000 72.05
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