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CHAPTER I5

WHIRLING OF SHAT'TS

l5.l Whirling of shafts. Let the eccentricity of the centre of gravify
G of a disc of weight W attached to a shaft be e, measured from the
disc centre O, Fig. 15.1, and let ybe the deflection of the shaft axis
at the fisc, measured from the static deflection position, when rotatins
at a speed at rad/s.
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'Jlhis gives the deflection of the shaft from the static deflection

lxrsition at any speed c,,r in terms of the critical speed.
When c,,r 1@r, U and e have the same sign, i.e. G lies to the outside

ol'O. When al )> @c, !/ and e are of opposite sign, i.e. G lies between
l,hc centre ofthe rotating shaft and the static deflection curve. As tht:
xlrccd increases beyond @c, !/ + -e, v'hich means that G finallv
r,oincides with the static deflection curve.x Fig. 15.2 shov's the posi-
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deflection eurve and also tho
(0 varies from zero to above

Then centrifugal force on the shaft : Y rr@ f e) and the inwards
pull exerted by the shaft : WJ . r,where ft depends upon the position

ofthe load and the end fixing conditions.

Equating these forees, Y rur(y + q :Y A'g  '  l r
e

kEIs (15.r)
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where d denotes the static deflection of the shaft at the disc,
60 ls 187.3

or lV" : :- l"-: )^ rev/min, where d is in inches (15.11" Znttl d \/d 
I '

This is the same as the frequency of transverse vibration of the sanrt:
shaft, and similarly, tire rvhirling speedofthe shaft for any other systenl
of loading is identica,l rvith the frequency of transverse vibration of ilr.
same shaft and loading.
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Fre. 15.2

l,iorrs of O and G relative to the static
vrlr'itl,ion in the nunxerical value of a as
llrrr whirl ing speed.

r A full treatment of the problem shows that at the whirling speed the radii
l,o l,lro oontre of gravity of the disc and the centre of the rotating shaft are per-

lnrrrlicular and, as tho speed increases beyond ro,, the centre of gravity of the disc
frfo\,os through a further 90'until it is again in the plano ofbending. See I'heorry
ttl J/ibrations, E. B. Colc, p. 316, or Appli,ed Meclnn'ics Jor Engineers, Prof. Sir
{ ' l t t r t  l r rs lngl is,  p.  325.
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takes place. The whirling or critical
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y becomes infinite and whirling

speed is therefore
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