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Torsional Vibration "(?R,i et
A. Natural (Torsional) Frequency of ah&-llmn
System—Torvional vibration occurs i any rotating
mass-elasiic system where peridic forces are present
A mass-elastic system consists bawcally of two or more
masses connecter Ly an elastue shalt, [ one end of this
systems is held rigrl, and the other end twisied alout
s axis and then released, the free mass or masses will
oscillate shout the axis at a certain (requency called the
natural frequency of torsional vibration The ratural
frequency of torsional vibration 1s Jetermined by the mass
distribution and the torsional elasticity between masses,
These vibrations may cause dangerous stresses in (he
zm il the (requency of the periodic forces which excite
vibratons occurs in, Of near, resonance with the
natural [requency of the system.

Torsional Critical Speed—The mass.elastic system
described in the previous paragraph nvolves a nonrotating
situation but, il the system were (ree and rotating, the
natural (requency would be the same. In actual shait
systems, the wituation s considerably more complicated.
Periodie impuises are applied to the engine crankshalt
at exch of the cranks. When the (requency of these im-
puises, or some harmom thereol, equals the natural
frequency of the system, resonance occurs. At resonance,
the amplitude ncreases with corresponding increase of
shalt stresses. The rotative speeds of the engine at which
resonance occurs are known as (orsional crineal speeds.

C. Torslonal Vibratery System Characteristion—A
eritwcal speed nay, or may not, be dangerous, dependirg
upon the forces mvolved and the arrangement of the
vbwatory systems. Some of the excitation forces which
cause vibratioms may come (rom the engine, but others
may come from the driven equipment. Although it
not possible, within the scope of this book, to undertake
a treatise on methods of torvional analyms, it 13 imporiant
that every installation be analyred during the design stages
1o leternine critical speeds and (orsional stresses on com-
ponents at these speeds. Tlis can be done readily by
established calenlation procedures. Such calculatons must
be based on complete design datz covering the mass.
elastic system,
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These data inchule

I AN shaltimg information, such as physieal character.
isties of imaterialy, lengths, diameters, ete




STANDARD PRICTICES

Location of rotating masses along the shalt length

3 WK values of rotating masses (and I', values
generators ).

Method of securing masses to shalting, nightness .
fius, length of fit, heyways, bolt and duwel qres, e

Arrangement, type, lxation, and torvonal stiffne.
factors of clutches and couplings.

Nature of the load.

Speed and load ranges reqy red.

analysis makes possible the prediction of oper
\s frew of harmiul torvonal critcals “c‘:;'
to make changes that will alleviaw

sress problem. mass-elastie sysiem mus
whole and, therefore, the effect of 4

a
such a8 gears, couphags, ne, generiin
must taken into A
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introduce 8 factor in the tormonal vibratior
because of the wibratory tooth leading. Cear
1ooth separation will aeeur i the superim.
vibrating torque exceeds the (ransmitied toraus
of & tystem, which may not be ¢
enough 10 cause shalt damage or (ooth separatien,
still cause conssderable torque variation on the gear tooh
and such cases should be specifically approved by the gear
manulacturer.
may have considerable effect on the torsian!
requencies of & mass-elaste system. For instance
of the same torque rating may have a wide
and torsional stiffness values For thn
are further seiected (0 provide the mosi
masy-elastie chars sterisiies [n fact
€ couplings, because of ther
isolate the machinery elements on
sip coupling from each other, and
system into two independent toryional
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jectives and Criteria—in varablespee!
installations the objective 1 generally 1o provide an orer
sting speed range as free s posable (rom harm (o
torsional vibratory stresses in the range (rom 10 per cont
below mimimum operating speed 1o [0 per cont albone
the mamimum rated operating speed [n the case of con
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stant speed wmits, such as ator sets, the objecine
is to nsure that no har torsional s iratory stresses
weeur within hye per cent above and below the rated s wed

For crankshalts, connecting shalts. Aange or coupling
components, etc., made of conventional materials, tory.
wnal vbratory comdiions shall generally be considered
sale when they induce 3 superimposed stress of less than
0N pyi, created by & ungle order of vibration, or a

siress of less than 7000 pw, created by
the summation of the major orders of vibration which
nught come into phase periodicaly.

For the case of shalt clements variously known as
“quill shalis,” “m-m"wdu“ or “torsionally resilient
torque shaits,” and elements which are specifically
designed for the apphcation, and manulactured (rom
matersal of adenuate physcal properties, with carelul
attention 1o design and machining of keyways. Allens,
et superimposed n’inng'umm at much ‘gher

levels may be acceptable. design ol such elementy
analysis. [n the

5, the gear manu-
mmmm.aﬁ“&nm&mm
the purchaser's best guide 10 the

adequacy of ‘he gear design for the service intended.

Modifcation of the MassElastie System-It 0
usually wmpractical to obimn all the required data 1o
make a compiete torvional analysis belore a proposal
bevomes & contract, MHowever, when 1he comple's
analyss s fnally made, the existence of any harmiul
torvonal vibratiwn will becomie apparent The wlution
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not furmish some, or any, ol the driven enwpment. The
of the results of the engine manulacturer’y

caleulanions depends upon the accuracy of the alarma.

ton supphied 10 lum and obviously Tus respons

lunited aceordingly |1 inaceurate or inemmplete ini

twne 15 furnished 1o the engne manulacturer, changey

may be weeessary 1o make a satislactary mstallanen and

wlilee expmrse aml delay may result. \When the engine

manulacturer [urnnhes the driven spnpment, he as

ey respunnidnlity for us performance with resect
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to torsional vibration. [f he Joes not furnish the driven

, he should be responsible only for 1" » accuracy
of the cakulations and ‘or the engine, but not for the
perfornance of the driven equipment. The engine many-
facturer should not ve responsible for vibrations that
are excited by sources external to the engine. Alterations,
sdditions 10, or renoval of equipment from an approved
torsional system: should not made without first con.
sulting the engine manulacturer as 1o the effect the
change would have on cntical speeds. [t is, likewise
evident that the operating speed range of a unit should
not be changed without consulting the engine many.
facturer, as the modified speed range nay include
cnitical speeds or come close enough 1o one or more of
them to be dangerous.

Azial Shaft Vibratlon—Crankshalts have a natural amual
When torques are applied 10 a crankshaft, wt s
alternately shortened and lengthened. Experience has shown that
motions become (roublesome only when an axial natural
is close to a torsional frequency. \When this happens,
axial shaft vibrations, sometimes called longuitudinal vi-
wons, are possible. Failures from this condion are rare,
the force from the axiaily vibrating shalt may cause vibra-
and nowse at other points in the installation. Axial shalt

of a troublesome nature i3 sufficiently rare to make
1on unwarranted n most cases and s mentioned liers
complete the subject of vibration possibilities.
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