
TOKSIONAL VIBRATIONS WITH SPECIAL REFERENCE 
T O  DIESEL ENGINES. 

Introduction. 
In a previous paper of this series (Vol. IV, p. 53) ,  tlre subject of 

torsional vibrations in geared turbine irrstallations was discusseci. 
As this subject is of especial importance in the design of I.C. engines 
it is proposed to tliscuss it hereunder from this view-point only, -. 

l l ~ e  pherlomenon of torsional vibri~tion consists of an :ingular 
vibratio~l of the shaft nud its attac11.ecl nlasses about a node or nodes 
causing a repeated twisting anci untwisting of the sllaft and may be 
caused by quite snlnll. forces applied at regular intervals. 

Any system consisting of a nuinher ol rotating masses joined 
bya flexible shaft is liable to be s~lbject to torsional oscillations should 
a periodic irregularity in the (11-iving force or resist:lnce be present. 

Such is the case with all reciprocating cnginc drives, especially 
when the prime mover is of tlie 1)iesel type, due to the high explosion 
and con~pr.~ssion pressures ; thus in a G-cylirlcler 4-cycle engine the 
torque will vary t11.1-cc tinres per rc:volution from approximately 
40 to 130 pcr celri-. of its meail valuc. If the engine shaft and 
attncl~ed shnfting were absolutely rigid in torsion tlie only effect of 
this variation would be to cause a sl.ig1it periodic speed variation in 
the engine and sll~~fting. (111~ of the purposes of a fly wheel is to 
reduce this speed variation to a nlii~i~lium value. Actually the 
shafting is elastic and will 'be thrown into a state ol vibration which 
at certain speeds lnay become oI considerable, amplitude. 

The efl'ects of such oscillatiorls are quite distinct frorn vibrations 
due to lack of engine balancc as the latter will occur at all speeds 
increasing to a rn:~simu~n at full speed whereas the torsional oscilla- 
tions will cause vibration over certain delinite ranges of speed 
and having a nzaximt~m value at the centres of these ranges. 

The serious consequences of neglecting the existence of tor- 
sional vibration in the shafting of reciprocating engines has been 
shown in the past by rnanv shaft failures. 

The first investigation into the possibility of such fractures being 
clue to such an oscillation appears to have been made by Bauer in 
1900 while in 1902 payers were published by Grimbel and Fralm 
on t l~is s~b jec t  ; the latter not only proving their existence theu- 
retically but taking actual records of several cases of torsional 
oscillations by a n~etllocl similar to that e~nployerl at  present. 

In later years with the advent of large high-powered Diesel 
propelling machinery and fast-running Diesel generators the 
problem has become very serious due principally to the fl~~ctuating 
turning nlonlent and heavy masses niet with in Diesel practice. 
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'She numerous cascs of failures of shafts d~le  to this cmse l ~ ~ v e  
resulted in the mathenlatical investigation of- tltc problem having 
been considerabljr cstended, ~+.llile practical ~ilcthods have been 

CL Ions evolved to obviate as far as possible thc laborions calcul, t '  
which would otherwisc be necessary. I t  shonld now be possible 
111 the design stage to predict with some accuracy the probable 
speeds a t  svliich prejudicial oscillations may occur. It  should also 
bc possible to clstin1,~tc wit11 some clcgrec of ;~ccuracy the y~obable 
mech,~nicnl efiects on thc systcm of any major ~ibr,~tion. Suc31 
eftects 111.~3 include not only shear btresse:, in the main shafting, 
but also violent oscillations through thc camshaft drive, etc. 

These preliminary calcnlations are of course subject to revision CL> 

the design proceeds, but iosm a11 effective llicthod of cll~ching the 
ellect of any alteration in design. 

In the Service, this problem is not so widely icalisi~tl. duc t o  
the rarity of cascs being met. l'lle ~ I I  cct dr i\ c ancl single reclnction 
geared i tirbines employed alc not as a. rule lial~lc to any noticeable 
oscillationi of this character, nllilc thc Diesel gerlcrato~s titted ill 
all except the later vcssels are of sensibly uniform clcsign in wliicll 
the first major critical speed is well below the nonnal nlnning speed 
and is not rloticc~Me to the ordinarg observer unless thtx engine 
is run below its correct revolutions. 

In tlrc case of submarines therc have always been certain speeds 
at which vibration was more pronounced, but as a rule the si7e 
and length of tlie shaft has been suficielltly largc cornpared to the 
power ol thc cnginc ancl the weight of tllc nlovillg parts, to damp 
down the 1-ibralions to  ,L safe ligure. I11 c.ertai11 c'ulier types of 
submarine shaft failures occurred, whilc in others it has been 
necessary to avoid ~unning orer certain ranges of speed at which 
11e:tvy vibrLition5 occur, ill orf1~1 to avoid the undue wear dnd tear 
illat would otlicnvisc occur. 

Definition of a Torsional Oscillation. 
Consider, Tor example, the torsiorlal oscillation of a simple uniforni 

shaft. If thc ends 01 the shaft arc twisted in oppositc directions 
to each other and released, the shaft ~vill attempt to recover its 
position of zero stress, one end moving clockwise, the other anti- 
clockwise and the centre remaining still. In this way, ~vhcn the 
position of zero stress is reached, the cnds will haw a velocity a ~ i d  
the moment~lr-ri will cause tliein to over slioot the mark ancl twist 
the shaft again opposiie to the initial twisl, s~-ith a sliglltlj- decreased 
amplitude. 

The shaft will carry on ~~ntwisti~ig and twisting with a gradually 
decreasing ~~mplitude until the vibration dies away altogether. 
Such a vibration occurs at  a certain definite frequency called it 

" natural frequency." The centrc of the shaft which remains at  
rest during the vibration is called tlle " node " of the vibration. 
Similarly, if the ends were tw-istecl in the same direction and tlie 
centre in an opposite direction thc shaft would vibrate with two 



nodes, a t  another natural frequency of the shaft higher than that 
for the one node vibration. The nodes for this vibration would 
be a t  one quarter m d  threc quarters the shaft length. A three 
noded vibration may be causcd by twisting the shaft a t  each third 
of its length and so on for any number of nodes, the natural 
frequency being higher as the number of nodes increases though 
in practice from the point of view of the stresses to which they give 
risc vibrations with morc than two nodes may generally be neg- 
lected. The nurnber of notles in tllr \ril~rLllion is gcnernlly defined 
as the " mode " of vibration. 

Cause of Torsiollal Oscillation. 
I L now a sitnple harmonic inlp~rls(>, i.e., ;l Iwisting forcc whosc 

v'tlue vxies as sine curve .L', t i ~ n ~ '  ~ l q s e s ,  xcts 'it the encl of the 
>haft w i t h  a frequency that syricllronizes with a naturd frequency 
of the shaft, a vibration of thc corresponding nulnt~er of nodes 
(corresponding " JIodc ") will result-this is called a " sy~lchronous 
vibration." li the frequency of the impullse is a little below or 
above spcllronisrn the resulting vibration takes on the frequency 
of the impulse with an amplitude smallcr than that which occurs 
a t  the synchronons frequency. This is called a " forced vibration." 

If, in addition, the shaft is revolving ul~iforrnly, the torsional 
vibration \?.ill not be affected but will be sllperimposed on the nonnal 
revolution. It is then possiblc to define thc vibration by its Mode 
(number of nodes) and its " order" whcrc the " order " is the 
number of complete cycles of fhe vilxation that occur in oize revolu- 
tion of the shaft. 

Consider now a typical indicator card from one cylinder of a 
Diesel engine as shown in Fig. 1. This gives rise to a tusisting 

LL F I G U R E  I. 

rnomcnt on the crankshaft as given by the T.M. diagram, Fig. 11. 
this cllnrc repeating itself for each cycle of the cylinder. 

This curve has no direct matllematical fornlula bnt by the 
application of Fcn~rier's theorem it cat1 be replaced by a number 
of sine and cosine curves having 1 ,  2, 3, 4, etc. complete waves 
in a cycle (= 2 revolutions for a 4-cycle engine). Each of these 
curves is called all " harmonic component " of the origin:il curve, 
thc sur11 of all these curves being equal to the original curve, the 
cletermi~lation of the \.a111e of these curves &sing known as harmon ic 
analysis. 



Fig. I11 illustrates the addition of the first live harmonics of 
a T.M. diagram. If then this turning moment was acting on the 
uniform shaft each of these harmonic components would stimulate 
a vibration of the shaft, the :unplitucle due to any given component 
varying with its closeness to synchronism with a natural frequency. 

In the more complex case of a Diesel clrive installation we have 
the engine and yropellcr shafting as an elastic system carrying 
heavy rotating masses such as thc propeller, flywheel and cranks 
together with the moving pal ts of the engine. This system, taken 
as 3 whole, will act simll~rly to the plain unifornl shaft and will have 
particular natural frequencies of torsionid vibration, the values of 
which will depend on tile rn'tgnitucle of the masses and shaftiiig 
and theii disposition. 

Each cylinder will be exerting a turning momcnt similar to 
that in Fig. 11, tlie halillonic coml,olle~its of which will stirn111,~te 
vibrations, the resultirig vibratio~l bring llle combination of the 
vibrations due to each cylinder. 

C'alculafion oJ. I;~~eqiii,iicj~.- 'l he pi oblcnl oi designing : ~ u  instadla- 
tion which shall bc free frorn objcctioa;ible vibration of this type 
devolves therefore into two principal stages :- 

I. 'The calculation of ihe riatnral frequerlcies of tlie system 
as a wliolc (gcncrally onlv those corresponding to the 
single a n d  two nocled niocles need be considered). 

IT. Estiil~ation from tllck abovc, whcther there exists a disturb- 
irig factor that is likcly- to calm torsional oscillation 
within the rtlnni~~i; rangc of the engine and whether 
after talcii~g into account lhe damping influences a t  
work the amplitude of such oscillation is likely to grow 
to a sufficielit extent to lead to exrc,ssive stresses or 
irregular rimnilig. 

The methods emploj-cd for calcu1,tting the natural Jrcquencies 
will not be discussed here, but i t  may be said that they are based 
on the ordinary mcthods of applied nlecllanics and are somewhat 
lengthy and teclious. The princip'il point of interest for the 
purpose of this paper lies izi thc order of accuracy of the prediction 
so obtained. Given a length of simple ,.hafting ol knosvn diameter 
with knosi 11 masses at cleiinite points the res~llts w c ~ l d  be ;ibsolnicly 
itccurate, but the average shaft system is more complcx and entails 
:L number of assumptions of svhicll the accuracy is not known. 

'Thus llle chief points of doubt mc3t with are :-- 
(a)  Incorrect data : the momcnts of inertia of colrlplex masses 

such as armatures ,ire very dificult to compute with 
any degree ok accuracy nor is experimental verification 
easy to arI aagc. 

( h )  The torsional stiffness of a crankshaft as a tvllnle is not 
readily calculable and will depend on Ihe form or 
the webs, etc. 
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(c) In the case of Diesel geiierators the axial plane in which 
the armature mass may be co~isidered to be attached 
to the shafting system is not always determinable and 
will influeilce the calculated result considerably. 

(d) -1 bcrew propeller in  rioti ion carries with it a certain amount 
of entrained water and the increase in the moment of 
inertia which must be made to allow for this is not 
~alcul~tblc. 

Nevertheless, it is possible in the case of an ordinary design to 
estimate the natnral frequencies svith se,lsonable accuracy and 
to predict wit11 c~nfici~nce ~irllethcr alterations are required to 
assure freedom from objectionable vibrations or stresses. 

Having obtained ihe natur-'tl freq~~encics of, say, the prim'try 
and seco~lclary irlodes (single rloded and two noded) of vibration, 
i t  is next necessary to discover whethcr any c~itical speeds may 
be expected within the running range and to mhat extcnt thcsc 
are likely to be ddngerous. 
Determination of Critical Speeds. 

The natural frequcrlcies of vibration of the system being thus 
obtained, it is necessary to find a t  what shaft speeds the harmonic 
compo~lents of the t o r q n ~  will cause the shaft to vibrate with these 
frequencies. As was describecl previously the periods of the 
harmortic conlpor~ents were 1, 2, 3,4 and so on per 2-shaft revolr~tions 
for n 4-cycle engine. If Chrn one half the shaft speed divides into 
the naturrtl frequency to give :L whole number , the harmonic: torqur 
component rorresponding to this number will recur i ~ t  the same 
freqnency as the natural, and will tcnd to set up a vibration of 
growing ,~~nplitncle. Uiis, of course, applies equally t o  each 
cylinder, each of which will, in turn, attempt to set up a vibration. 
If now wc considcr a case in which the order of the harmonic is thcl 
sarw or a ~r~ult iplr  of the nunlT)er of firing inlpulses in a I-evolution 
(i.e., 3 for a 6-cylinder lour-stroke engine), then the hannonic 
cctrnpone~lt of e ~ c l l  cyli~tder will act upon the vibr'ition at the samtl 
re l~t ive  position of the vibration and the efkect will be that e;tdl 
cylinder aids the vibsatiou which will grow rapidly ; each cylinder 
w~ll,  in fact, pump into the svstem a certain amount of energy, t11c 
amount being proportional to  the force acting and the tfistsncr. 
through which it acts, namely, the magnitude of thc harmonic 
torque co~llponcnt causing thc vibrlltion and the amplitude of the 
vibration a t  the particular cylinder. Such an oscillation is known as 
a Major critical speed : while, when the order is not a rnultiple of 
the ]lumber of c),lindrrs, Lvr get a Zlinor critical. In tlic lntter 
case [Ire c-;ylin(l(~r fol-ccs do [tot act r n  ~ r ~ ~ i s o n ,  1 ~ 1 t  t111c to the tinlc 
i~ltewal 1)etwec.n t lick S ~ ~ L L  l of their ~ L L L  1li11g ~ ~ t o l ~ l t ~ ~ l t  CLII.V('S, 

forces of sollie o f  thcl c)-lilldei 5 '~ct  ill oppoi~i roll to the rest. 
Tile effect of each cylinclcr is proportional to its input of encrgy, 

which, as tlle hanlionic turque component will he Lhc same for 
each cylinder, uill vaq  '1s the unplitude of vibration at the cylindcr 



centre line. 'This anlplitude is in turn proportional to the distance 
from the node, and mill therefore vary from a maximum at the 
free end of the engine to a rninirnum at the end near the node. 
(See Fig~zre 4) Knowing the crank angles and the order of firing, 
u7e can then sum up the effects of the various cylinders to give the 

FIG. 4. 

resultant efiect aiitl see to what extent the input of energy from the 
cylinders is cumulative. Fronl this it is possible to estimate 
whether the vibration is liable to be excessive. As a rule, minor 
critical speeds are not dangerous, and can generally be neglected, 
but cases occur, especially at full speed or with a 101%- order, where 
they are dangerous, and this possibility nlusi not be overlooked 
in the design stage. 

The effect of each critical extends over a range either side of 
the peak, and generaLLj7 necessitates the avoidance of a speed 
extending several res-olutions either side of the actual critical 
speed of a dangerous torsional vibration. 

E#ect of Dnnt$ilzg.-Having illustrated how tlie vibration 
occurs, it is now necessary to investigate the effect of clamping. 

The effect of damping on a natural oscillation is to lower the 
frequency slightly, arid to damp down gradually the oscillation 
which would othenvise continue indefinitely, once it has been 
started. The effect of damping on the freqldency of oscillation is 
small, and can be neglected, being inside the limits of error of the 
calculations. The other effects of damping are, however, very 
important. Due to the viscous friction in the bearings, &C., and 
the intmlai ~nolecular friction of the metal in the shaft (known as 
elastic hysteresis), any vibration once started would rapidly die 
away unless further energy is supplied to maintain the vibration. 
Similarly a propeller vibrating torsionally will carry with it a 
considerable quantity of water, and the resultant eddies will act 
as a strong damping factor. 

The building up and nlaintendnce of any torsional vibration 
depends, therefore, on energy being put into the vibrating system, 
and, so long as the cylinders are putting in more than is being 
absorbed by clamping, the vibration will increase in amplitude. 
This growth will continue until finally the energy supplied exactly 



bala~lces that absorbed by damping, whereafter the amplitude of 
the vibration will remain unchanged as long as the engine runs a t  
the particular speed considered. The time taken to build up to 
this peak is generally sufficient, however, to allow the engine to 
be run quickly through a dangerous critical without any damage. 
Estimate of Amplitude of vibration and Stresses caused thereby. 

The estimation of the value of the amplitude just referred to, 
and thence that of the resultant fluctuating torque in the shaft 
involves the detesmination of this balance of energy supply and 
absorption. First the value of the l~arnlonic component of the 
turning moment 'orresponding to the vibration is obtained by 
harmonic analysis of the turning moment diagram a t  the speed in 
question. The relative amplitude of vibration at  each cylinder 
is calculaterl by assuming a known vibration a t  one free end, say 
1 radian ; this will diminish from the chosen value a t  the free end 
to zero a t  the node, so that the amplitude at  each cylinder will 
have a definite relative value. 

From this we can obtain in terms of the amplitude of vibration 
at the free end, the amount of energy put into the system by the 
cylinders ; this is proportional to the magnitude of the force 
acting, and to the distance over which i t  acts, i.e., to the value 
of the harmonic torque component and the amplitude of vibration. 
The energy put into the system having thus been estimated, we 
can obtain another estimate of that dissipated in viscous and 
hysteresis damping of which the latter is usually the most important. 
The hysteresis of steel has been determined esperimentally, and 
and estimate of the effect of this damping can then be niadc by 
combining the experimental data with previo~~s results. The energy 
absorbed by damping is thus obtained in terms of the amplitude 
of vibration : equating these two energies, the value of the actual 
amplitude is obtained. 

a Ion a curve When calculating tlie natural frequency of vibr t '  
is obtained on the shaft line as base, the ordinates representing 

M 6 

C u ~ \ n o ~ u s .  

I:I(;. 5 .  

the magnitude of the periodic torque at :my point ill the sllaft 
necessary to maintain a vibration having rhe assumed :~mplitude 
of, say, 1 radian a t  one free end. (See Fig. 5 .) Knowing now the 



actual any~litude, we cdn therefore obtam the value of the periodic 
torque at  all points in tllc system, and thus discover the ~riaxirnum 
stress that is lil~ely to occur. 

The strrss so obtained is an altcrnating shear stress for wllicll 
the fa t ig~e  limit is about 25 per cent. of the ultinlate tensile strcss. 
4 s  the presence of square shoulders, 1' notches arid other dis- 
continuities suclr as oil holes, &C., further rcduccs the endurance 
limit by about 50 per cent., the maximuri~ allowable torsional 
vrbration stress should be kept as low as possible, a re,~sonable limit 
being about 3 tolrs/in.Z for normal 30 tons/in.Qteel. 

In propelling installations the nrnplitllde at  the propeller of the 
l-node ~ i b r a i ~ o n  1s muallg large m rebt~on to the amplitude at 
the engine end, and the damping effect of the propeller is generally 
large cnough to keep the ,~niplitudc smc~ll. For the 2-node vibra- 
tlon, however, this 1s not the case, and the shafting is likely to be 
subjected to sevcrc stresses if run at  or near the cvrtical speeds for 
illis mode of X ibratiurl. 

In the case of D~esel ge1ierator.i with ,L relatltely flexible length 
of shaft between the Rywhrel and armatme, the major critic;~l 
speeds of both the 1-nodc and 2-node vibrations may occur near 
tlie dchigned syced, re~lderrrlg it difllcult to select s iunining speed 
whlch would not entail dangerous strcsses in the shafting and/or 
armature att'lchment Part~cular .Ittention should be given to this 
possibility in tlic d w g n  stage. By increasing the diarnetcr of the 
journals ; ~ t  the flywheel and of the crankslraft, and attaching the 
,t~maturc clost, to tile flyilirel, it is possil)le in such uses  to raise 
the natural frequency sufhc~ently to put the major critical speeds 
well above the designed speed. 

Calculations on these liries on a subn~,trine p~opelling instaL1,itiori 
Indicated that as originally cicsigned a major 4th ordcr 2-noded 
vibration (8-cvlindcr engme) could be evpccted at  434 revs./min., 
and it U AS estiinated that at full speed of 400 revs. ,min. there would 
be a periodic stress ol between 4-5 and 5 tons per square inch 
supcriniposed on ihc norm21 stress due to torque. The nett effect 
was a stress Hrlctualnlg r'tpldly between + 5.5 and - 4.5 tons 
per squarc inch, wh~ch would necessarily cause fatigue at 
couplings, &c. 

Alte~ntiorrs were, theretule, rlirttle to the sli,~ft line m older to 
i11crmse tlic shaft stiffiicss, especially in the vicinity of tlle notles 
where the m,ixinlum stress occurs. 'l'lli5 was done b3- incrc'lsing 
the diameters of tllc mail1 rnotox arirlat~lre shaft and of that  
between this poirrt ancl the engine rrom 12 in. to 14 in. By this 
means the 4th order vibrat~on was raised to 477 levs.jmin., and the 
stress lmge at 40d revs.jmm. (now due to 4 i th  and 5th order 
vibr:itious) redr~cctl to from 1 3 .4  10 --- 2 - 8  ton\ ,,er scpare jnch 
1% hich c m  bc~ C otiside~ e ~ l  5,~fia. 

7 hc btresst5 AI isnlg in thk case arc, Ilc)werer, cornparat~vely 
low. Tn some cases strcsses a5 high as + 13 tons/l11.~ have occnrrcrl 



at the critical speeds of certain generating sets, and have ended 
with failure of the shaft in spite oi careful avoidance of the critical 
speed. 

Although excessive stresses may not arise, the amplitudes of 
vibration at the position of the camshaft driving gear and at the 
cylinders may be such as to render it inadvisable to run at the 
critical speed in question in order to obviate undue noise and 
vibration generally. 

In order to check these calculations an instrument known gs a 
" Geiger " Torsiograph is extensively used. This consists of two 
concentric wheels, the external one, oi small mass driven by a 
belt from a pulley on the engine shaft, and the other of large 
mass driven by the first wheel by means of a flexible spiral spring. 
Any small and rapid fluctuations (such as torsional vibration) in 
the speed of the driving pulley will be transmitted to the light wheel 
but will not affect the heavy one owing to its inertia. As a result 
the light pulley will vibrate relatively to the heavy internal wheel 
in proportion to the torsional vibration of the shift which drives it. 
This relative movement is recorded through suitable mechanism, 
on a strip of moving paper. From thesc " Geiger" records the 
correctness of the calculations can be checked and also the dangerous 
range over which any vibration extends, obtained. 
Effect of Eiring Order and Engine Tune. 

It is to be noted that at a minor critical the resultant amplitude of 
vibration may be dependent on the firing order of the cylinders. 

In the majority of 6-cylinder S/M propelling installations, it is 
found that the 6th order 2-node critical occurs within or just above 
the running range of speed and this being a major order the effect 
of the cylinders is cumlative whatever the firing order. 

Cases have been met, however, with fast-running 6-cylinder 
engines, in which the 44th order harmonic, occurring very near the 
maximum speed, has caused serious vibration and this vibration has 
been considerably reduced by a suitable change of firing order: 
this can be briefly explained, as follows. 

In a 6-cylinder engine with a firing order l ,  4,2,6,3,5, numbering 
the cylinders from the forward end, the effect of the 4itltlz order 
harmonic is such that cylindei-S 1,2 and 3 are putting energy into the 
system in direct opposition to cylinders 4, 5 and 6. (See Fig. 6a) 

DIAGRAM SHOWING FIRING OF CYLINDERS RELATIVE TO A 4 4 . ~ 1 1  
ORDER VIBRATION. [NOTE THAT CYLINDERS I ,  2, :3 HEI.P THE 

VIBRATION ; 4, 6, 5 OPPOSE TT.] 
FIG. 6. 



As the node is generally close abaft the after cylinder, the amplitude 
ol vibration will be least at No. 6 cylinder and increase to a ixaximun~ 
at No. l .  The harmonic co~nponents of each cylinder slrould be 
cqual and the nett input of encrgy is, therefore, proportional to the 
diflercnce (sum of amplitudes of 1, 2 and 3-sum of alnplitudcs of 
4, 5 and 6). 

If now we alter the iiring order to l ,  3, 5, 6, 4, 2, WC put cylinders 
l ,  4 and 5 in opposition to 2, 3 and 6 and the dil'ierence in the  sun^ 

of the an~plitudes is consi(1erribly decreased wit11 a corrcspontling 
dccreasc in the an~plitudc of tflc vibration. 

It  is scen, I~owcver, that this depends on the l~armonic coin- 
poncnts being cqnal. This is dcpenclcnt o:l the cylinders con- 
tributing cnergy cqually and lir~ving simili~r turning moment 
diagrams, i.e., the engine must be in tunc. Slloulcl the engine be ont 
of tune the position is not so clear, but any preponderancc of 
cylinders No. 1, 4 and 5 over cylinders No. 2, 3 and 6 will result in 
an increased vibration, so that it would appear very desirable to 
keep an enginc which is known to have a 4Jth order critical or 
similarly any minor critical in good tunc to avoid increase in 
torsional stresses. 

Elimination of Torsional Oscillations. 
Any engine, of wliicll thc driving Iorcc or resistalice l ~ a s  a periodic 

irregularity, will have certain spccds at  wllicli torsional vibrations 
occur, and it is the aim of the designer either to raise thcsc outside 
the running range or, if this is not possible to keep the stresses below 
a certain limit so that the engine may run at Ihc critical speed 
without damage or undue vibration. 

Tile usual method of raising the natural Irequency is by i~lcreasillg 
the shaft stilmess, especially near the nodes and by decreasing tlrc 
rolating and reciprocating masses. If this is not sufficient the 
frequency sllould be raised or lowered to the most favourable 
position and the sliaft stiHencd at the points of n~aximuin stress to 
rcducc the strcsscs to a safe figure. If necessary a suitable firing 
order must be uscd to keep tllc minor critimls from becoming o f  
inzportance. 

Generally, it sllould be possible to avoid any tro~xblesome 
ckiticals in the designs stage, but the case of an engine that has been 
built without due regard to this factor is more difficult an climinstion 
of the criticals involves cither very extensive alterations to the 
cranlishaft and shafting or a rcduction in the revolutions with 
corresponding reduction in output, which is usually unacceptable. 

In some cases it is possible to make use of a damping device 
whereby the engine .can run through an otherwise dangerous critical 
-the revolutio~is over a certain range cither side of the critical 
being run through quickly. The best known of this type is the 
La~ichester damper (much used in motor cars), which consists of a 
flywheel connected to the free end of the shaft through friction 



surfaces. When the shaft vibrates thc friction surfaccs slip, thereby 
absorl~ing n111ch of the energy of ~ ib r ,~ t ion  and preventing the 

ibration from becoining too large. 
For large Diesels this has so far only proved satisfactory for 

enabling the engine to run through and not to run a t  the critical 
for any period ; frequent adjusti~lent is also necessary. 

Moreover, the heat generated in such a device may becorne 
excessive if it 13 desiled to absorb the energy ol '1 major vihr'ttion. 

The general question 01 damping 11as yet t o  lw inve>tigatcd, 
ant1 in conscqucncc it i b  betttr to design :l I ~ g c  e~iginc. wit11 a view 
to nvoicting tliil nl~tjor critic.:~lb I ,ither tll;ui rely on ,1113' t1,unping 
devicr. 'Fliis rs , L  com]>:u-;~t~vc.ly simple mattet wlkal rledling wii l~ 
gc.nerating 4 s  whicll arcL to I ~ I I I  a t  constai~l speed, bu t  i t  is oftcl1 
to11ntL n e c c ~ a i y ,  ill the case ot liigll-ipeed plopclling ~i i ,~c . l i ine~  \l, to 
allow one or morc of the criticals to remain within lllc running 
range and to avoid these speeds on service. A damper i~ tile11 
useful to reduce stresses tvll~le running through the 1~1r l  rmges  of 
speed. 
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