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In-plane Stress Analysis of Rotating Composite Disks

Kyo-Nam Koo "

ABSTRACT

Rotating circular disks are widely used in data storage devices as well as in traditional industrial machines.
Faster rotating speed is required in data storage devices for higher data transfer rate. In this paper an
application of composite materials to CD is proposed to increase critical speeds and the strength analysis was
performed. A differential equation of displacement is derived for the analytic stress distribution of rotating polar
orthotropic disk. The stress distributions for typical GFRP and CFRP disks and the maximum allowable speeds
subjected to a constraint of tensile strength are presented in addition to polycarbonate disk. The results show
that the application of CFRP to rotating disk can increase the maximum allowable rotating speed but this may
not be applicable to GFRP disk.
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Fig. 2 Coordinates and geometry of rotating disk.
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b=15 mm , a=60 mm, 2=1.2 mm
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Table 1 Material properties

Properties PC GFRP CFRP
E, 2.2 GPa 38.6 GPa 181.0 GPa
E, 2.2 GPa 8.27 GPa 10.3 GPa
G 0.846 GPa 4.14 GPa 7.17 GPa
Vi 0.30 0.26 0.28
o 1220 kg/m’ 1800 kg/m’ 1600 kg/m’
X 54.9 MPa 1062 MPa 1500 MPa
Y 54.9 MPa 31 MPa 40 MPa
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RR disk: E,=E|, Eo=E) Go=Gip Vo=V
CR disk: E,=FE; Eo=E; Go=Gp Ve=Vy
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Fig. 4 Stress distribution of RR GFRP disk. Fig. 6 Stress distribution of RR CFRP disk.
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Fig. 5 Stress distribution of CR GFRP disk.

Fig. 7 Stress distribution of CR CFRP disk.
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Fig. 9 Non-dimensional circumferential stress distribution of RR
composite disk
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Fig. 10 Non-dimensional radial stress distribution of CR composite
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Non-dimensional circumnferential stress distribution of CR

Table 2 Maximum rotating speeds based on strength

Max rotating speed (rpm)
Material
RR disk CR disk
Polycarbonate 44,216
119,287 182,247
GFRP X
Y 65,208* 47,421*
138,941* 199,453
CFRP X
Y 139,884 98,444*
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