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Dynamic Characteristics of Thick Rotating Composite Disks
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Department of Aerospace Engineering, University of Ulsan

ABSTRACT

Thick composite disks are utilized in the fast-rotating machines such as turbine disks,
flywheels, and so on. The effects of rotating speed on the dynamic characteristics of thick

composite disks are deeply studied in this paper. The dynamic governing equations of a

rotating composite disk including transverse shear and rotary inertia are derived and then
formulated into the finite element equation. Isotropic, circumferentially reinforced disk, and
radially reinforced disk are selected for the numerical analysis. The inclusion of the

transverse shear and rotary inertia into the governing equation of the rotating disks makes
the natural frequency reduced as well as the critical speed. The present results show that
the rotation of a thick disk may not reduce the effect of transverse shear and rotary
inertia depending on anisotropy, thickness ratio and mode, unlike the results reported in
other studies.
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battery
Managing steel flywheel 55.5
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(a) (b)

(a)Circumferentially-reinforced(CR)
composite disk and (b)Radially-
reinforced (RR) composite disk

Fig. 1.
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Fig. 2. Coordinates and geometry of rotating disk
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Table 2. Nondimensional angular natural
frequency » of stationary isotropic
disk: v=0.3, a/h=5, b/a=0.302=0.

Mode (m,n) (0,0 0,1) (1,0) (1,1)
Coté [10] 6.18 591 30.81 32.43
Sinha [9] 6.31 597 28.93 29.08
NASTRAN 6.20 5.87 31.64 33.20

Present 6.15 5.81 30.07 31.49

Table 3. Nondimensional angular natural
frequency w of rotating isotropic
disk: v=0.3, b/a=0.25, =2.

Mode (m,n) 0,0 ©0,1) (1,0) a1
o/h Sinha [9] 8.11 851 37.89 40.02
—10 | _NASTRAN 8.07 847 37.17 39.11

Present 8.10 8.49 36.94 38.79
o/h Sinha [9] 7.87 8.26 28.72 30.46
! NASTRAN 7.63 801 3150 33.35
= Present 7.75 808 30.62 32.31
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Table 4. Material properties a/h=10°]t}.
- o _ S -
Properties PC (polycarbonate) CFRP (T300/N5208) FHIHPH dBEES 1T ddo] A
E, 22 GPa 181.0 GPa a i =
E, 22 GPa 10.3 GPa
G 0.797 GPa 717 GPa
Vi 0.38 0.28
p 1220 kg/m® 1600 kg/m®

Table 5. Nondimensional natural frequency
7 of composite disk: «/n=10,

b/a=0.25.
Mode (m,n) (0,0) 0,1) 0,2)
_ NASTRAN | 0.755 0.754 0.795
RR =0 Present 0.755 0.754 0.792
disk | NASTRAN | 1.073 1.079 1,098
=4 T prasent 1075 1.080 1126
_ NASTRAN | 0623 0.394 0.556
CR =0 Present 0.624 0.394 0.557
disk | NASTRAN | 0677 0.759 1.306
=4 T prasent 0.682 0.759 1.301
Fig. 3. Frequency-speed diagram of PC
(W78 xdF)o|th. Table 20l= W7 of <74n disk : b/a=0.25, a/h=10
b/a=03, 97 © FAE a/h=5 Eo}F M
r=03% THAH dFo] A Fs e 1 8
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w=wVpa'h/D, Q=02Vpha'/8D(rad)  (12) 0

EaAs Ao I/ EFFE= Table 49 Fig. 4. Frequency-speed diagram of CR
CFRP®] =4A& AR-E3te] Table 500 AlA S disk : b/a=0.25, a/h=10
7 HREEE 7 '

f=fVpd | Ep*, Q= 04/pa'/ BR? (rad)  (13)
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Fig. 5. Frequency-speed diagram of RR
disk : b/a=0.25, a/h=10
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Table 6. Normalized critical speed 1. (rad)
of various disks.
Theory PC CR RR
CPT 1.63095 493925 2.36570
SD 154797 4.76955 2.25544
SD+RI 153034 456614 220817
Critical mode 0,2) 0,2 0,4)

(0,1 5 = 0.39376

0,00 F = 0.62414 03) s =

1.4268

(10) 7 = 2.2082 (

1,1) f = 22295

Fig. 6. Mode shape and natural frequency
of CR disk
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Fig. 7. Mode shape and natural frequency
of RR disk
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Fig. 8. Variation of Timoshenko effect of PC disk with rotating speed
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Fig. 9. Variation of Timoshenko effect of CR disk with rotating speed
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Fig. 10. Variation of Timoshenko effect of RR disk with rotating speed
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