
• In the previous section, the rotor system ––the 
shaft as well as the rotating body––was assumed 
to be rigid. 

• However, in many practical applications, such as:
        -   turbines, 
        -   compressors, 
        -   electric motors, and 
        -   pumps, 
    a heavy rotor is mounted on a lightweight, 

flexible shaft that is supported in bearings. 

• There will be unbalance in all rotors due to 
manufacturing errors. 

CHAPTER-VII 
WHIRLING OF 

SHAFTS



Cont …
• These unbalances as well as other effects, 

such as:
         -  the stiffness and damping of the shaft, 
         -  gyroscopic effects, and 
         -  fluid friction in bearings,
    will cause a shaft to bend in a complicated 

manner at certain rotational speeds, known 
as the whirling, whipping, or critical speeds.

• Whirling is defined as: the rotation of the 
plane made by the line of centers of the 
bearings and the bent shaft.

• In this Chapter we consider the aspects of 
modeling the rotor system, critical speeds, 
response of the rotor system, and stability.



 Equations of Motion
• Consider a shaft supported by two bearings and 

carrying a rotor or disc of mass m at the middle:

• We shall assume that the rotor is 
subjected to a steady-state excitation 
due to mass unbalance.



Cont …
• The forces acting on the rotor are:
       -  the inertia force due to the accln of the mass center, 
       -  the spring force due to the elasticity of the shaft, 

and 
       -  the external (Stationary) & internal (Rotary) 

damping 
           forces.

• The equations of motion of the rotor (mass m) can 
be written as:

   Inertia force (Fi) = Elastic force (Fe) 
                                 + Internal damping force (Fdi)
                                 + External damping force (Fde)

-- (6.1)



Critical or whirling speed 
of shaft• In actual practice, a rotating shaft carries 

different mountings and accessories in the 
form of gears pulleys etc.,

• The centre of gravity of the pulley or gear is 
at a certain distance from the axis of 
rotation due to this shaft is subjected to 
centrifugal force

• The bending of shaft not only depends upon 
the value of eccentricity but also depends 
on the speed at which the shaft rotates



Whirling Speed of a Shaft



























• Calculate the whirling speed of a shaft 20 mm 
diameter and 0.6 m long carrying a mass of 1 kg at 
its mid-point. The density of the shaft material is 40 
Mg/m3, and Young’s modulus is 200 GN/m2. Assume 
the shaft to be freely supported.
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