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ABSTRACT

In this paper, a dynamic model for the rotor shaft-coupling-blade system is developed. The blades are attached
to a disk and driven by an electric motor shaft which is flexible in torsion. We assumed that the shaft torsional
flexibility is lumped in the flexible coupling which is usually adopted in rotor systems. The Lagrangian approach
with the small deformation theory for both blade-bending and shaft-torsional deformations is employed for
developing the equation of the motion. The assumed modes method is used for estimating the blade transverse
deflection. The numerical results highlight the effects of both structural damping of the system and the torsicnal
stiffness of the flexible coupling to the dynamic response of the blade. The results showed strong coupling between
the blade bending and shaft torsional vibrations in the form of inertial nonlinearity, stiffness hardening and
softening.
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Fig. 1 Rotor-Coupling-Blade System
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X, Y :lInertia reference frame

x™,y™ :The motor shaft coordinate system
x?,y? : The disk coordinate system

x?,y® : The blade coordinate system

Fig. 2 Cross sectional view of the system and coordinate
systems ’
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Table 1 Rotor-coupling-blade data Time(sec)
L Characte: Value Fig. 4 Blade deflection vs. time
blade length L 04 m
mass per unit length p 1.35 kg/m
flexural rigidity EI 75 Nm’
. '
Filsk.moment of Ta 3976x10° kg’ s
nertia : gost
disk diameter Dy 01 m ; ,
disk length ' Ly = 015m :
disk shaft 4. >
; 1.257x10 ZhE :
moment of inertia Jas kgm B T T Y R 7 T2 “‘o's Y Ta T
disk shaft diameter Das 0.033 m "
disk shaft length L 04 m .
tor shaft } H
motor shat Jms 125710 kgm? !
moment of inertia . . i
motor shaft diameter Dy 0.033 m
motor shaft length Lons 04 m f L
torsional stiffness Kr 8283 Nm/rad of ez 03 be 05 06 0T 08 W
ling diamet D 0.09792
coup ¥ng ameter ¢ m Fig. 5 Blade deflection and Torsional deflection
coupling length Lc 0033 m
(Al, Ky =8283 Nm/rad)
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ig. 6 Blade deflection and Torsional deflection

Fig. 3 Torsional deflection angle vs. time ‘ Fi
: (Rubber, Kr =1656.8 Nm/rad)
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