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Effects of Transverse Shear Deformation and Rotary Inertia
on Vibration of Rotating Polar Orthotropic Disks

x4

Dong-Hyun Kim’, Kyo-Nam Koo"

ABSTRACT

Dynamic instability of rotating disks is the most significant factor to limit its rotating speed. Application of
composite materials to rotating disks may enhance the dynamic stability leading to a possible design of rotating
disks with lightweight and high speed. Whereas much work has been done on the effect of transverse shear
and rotary inertia, called Timoshenko effect, on the dynamic behavior of plates, there is little work on the
correlation between the effect and the rotation of disk, especially nothing in case of composite disks. The
dynamic equations of a rotating composite disk are formulated with the Timoshenko effect and the vibrational
analysis is performed by using a commercial package MSC/NASTRAN. According to the results, the
Timoshenko effect goes seesaw in some modes, unlike the well-known fact that the effect decreases as the
rotating speed increases. And it can be concluded, based only on the present results, that decrement of the
Timoshenko effect by disk rotation grows larger as the thickness ratio decreases, the diameter ratio increases,
the modulus ratio increases, and the mode number increases.
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Fig. 1 Coordinates and geometry of rotating disk.
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Fig. 2 Finite elements for rotating disks with () b/a=0.25 and (b) b/a=05.

Table 1 Material properties.

Properties Polycarbonate E-glass/Epoxy
E, 2.2 GPa 38.6 GPa
E, 2.2 GPa 8.27 GPa
Gy 0.846 GPa 4.14 GPa
Vs 0.30 0.26
) 1220 kg/m® 1800 kg/m®

Table 2 Nondimensional angular natural frequency

w=2nfVpa'h/D; v=0.3, a/h=>5, b/la=0.3.

Mode (0,0) 0.1) (1,0) 1)
Ccoté [11] 6.18 591 30.81 3243
Sinha [12] 6.31 5.97 28.93 29.08

Present 6.20 5.87 31.64 33.20

Table 3 Nondimensional natural frequency

F= 1/ pa'/ B a/h =50, bja=0.25.

i (| 0O | 0D | 02 | 03
3,000 Koo [3] 0.4613 0.4618 0.5240 0.7565
Present 0.4615 0.4621 0.5243 0.7573

Koo [3] | 04746 | 04761 | 05393 | 0.7704

5000 Present 0.4747 0.4763 0.5396 0.7712
7,000 Koo [3] 0.4938 0.4967 0.5616 0.7908
Present 0.4939 0.4969 0.5618 0.7916
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Fig. 5 Timoshenko effect of stationary GFRP RR disk with b/a=0.25
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Fig. 6 Timoshenko effect of stationary GFRP CR disk with b/a=0.25
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Fig. 7 Timoshenko effect of rotating disks with b/a=0.25.
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Fig. 8 Timoshenko effect of rotating disks with b/a=0.5.
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