
DYNAMIC BALANCING 51ACHINES FOR 
LARGE ROTORS. 

111 this age of high-speed rotating rt~nchinery the necessity for 
dynamical balancing is becoming ever more insistent, not only in 
the interest of emootll running, but also because ribration is 
inimic2tl to the safeiy ancl life of buch n~nchineq . 

Notwithstanding the care exercised in the selection of 
materials and in manufacturing processes, rotors occasionally 
suffer disastrous .'failur.cs." ancl it is a po~sibility that such 
failures may partly bu due to skresses arising from out-of-balance. 

I t  is interesting t o  reflect on the magnitude of the centrifi~gal 
forces which result from srr~all amounts of out-of-balance. 

An out-of-balancc of orily 4 ozs. a t  a radius of 3 feet, in a 
rotor revolving at 3 , O C O  r.p.m.. prodlices a centrifugal force of 
orer I ton, and this force is oprrating radinlly a t  every point 
round the circle 3,000 times a minuto. (Fig, l.) 

Iinagine that a, seco~ld out-of-balance of the same aluount 
exists in a rotor, and that thoy arc disposed a t  the two ends of 
the rotor as shown in Fig. 2,  i.e., a t  opposite corners of an axial 
plane. 

Another centrifugal forcc of 1 ton is now operative, and the 
two together form a couple which is constantly tending t o  
swirl the axis of the rotor out of its normal positio~l Xl '  into 
positions X,, Y,, X,, Y,. 



I~lciderltnlly the diagram (Fig. 2) rnay be used to illnstrate 
in a simple manner the well-known fact that a rotor in static 
balance is not rlecessarily in d?/namic balance also. 

:\ssuming that the rotor, exclusire of the two 4 oz. weights 
shown, is in perfect balance in every respect, these weights 
affixed ab positions indicated wol~ld not affect the static bdance 
a t  all, but ciynaniically they nrould subject the rotor to a couple 
of 1 ton multiplied by the length of rotor between the weights. 

For high-speed rotors of any considerable axial length, in 
relation to their diameter dyrinrnic balancing is essenti:ll, and 
particularly so whero the rotor is not composed of separate 
wheels or sections which can be tested separately before assembly. 

In thc course of Admiralty investigatio~ls into the practice 
of leading British engineering firms as regards the dynamic 
balancing of large turhines aticl other rotors, some points have 
been noted which may be of ge11eral interest. 

There arc estraor~dinarily few Dynamic Balancing Machincs 
on the nlnrket which :ire capable of dealing with rotors i ~ p  to  
say 13 tons or over, i.e., macllir~es which have dcfirlitely passed 
their experimental stage and have been standardised for manu- 
facture arld sale like arly other machine. These machines are :- 

The JAawacxeck-Heymann Patent Dyriamic Balancing 
Machinc madc by Car1 Schenck Ltd., Darmstadt ; 

The Akirlloff Patent Dynamic Balarlcing Machine made 
by the Vibration Specialty Co., of J.'hiladel phia, U.S .A.; and 

The \Vestinghouse I'atcnt Dynamic Balancing M~chine 
made by the SVestirighonse Electric and ATanurEncturing Co., 
Philadelphia. 

Some liritish firms, and ir~tiividuals, hove carried out,, and 
are carr.ying out, roscarch work with thc objcct of evolvmng a 
satisfactory means of dynamically balancing large rotors. 
Messrs. Lnurence Scott of K o r ~ i c h  have mxie a fcw machines 
for rotors up t o  3 tons--one of which was ordered by the 
Admiralty in 1920 for Portsmouth Dockyard. 

The I)q~larnic Ralarlci~lg hlt~chine devised by Mr. J .  J. King- 
Salter, R.C.N.C., the late Deputy Director of Dockyards, in 
which the rotors of the AustraLian Cruiser " Adelaide" wcre 
balanced at the Cockatoo Islaod Nnral Dockyard in 1920, also 
an improved t.ype of this machinc now bcing manufactured for 
Portsmouth Dockyard are in mind, but the fact remains that 
conl~iercinlly the field is a t  present occupied by the three 
machines mentioned above. 

The Schencli: machine is gradually being adopted in this 
country, in the U.S.A., and in Japan. In Germany it is installed 
in many of the more important Engineering Works. 

The Dynamic Balancing ltlachints for the heavier cLtss of 
rotors boing more particularly undor review, thcse notcs are not 
intended t o  deaJ in detail with the smallcr Dynamic Balancing 
31aches  of which there are a few on the market, but it may 
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be of interest t o  n~ention thcni, if only to enlphasise the lin~itcd 
choice available even in the smaller machines, which comprise :- 

The " Norton " made by the Korton Enlery Wheel Co., 
\JTorcester, V.S.A. 

The " Gisholt " ruade by the Gisholt Afachinc Co., 
ITisconsin, U.S.A. ; and 

The " Olsen-Carwcn " made by tho Lipyencott-Carwen 
Corporation, and factored in this country by Mcssrs. 
Edward G. Rcrbert of Levenshnhne, Manchester. 

Several of the " Yorton " machincs havc been installed in 
H.M. Dock;-ards for many years. 

Certain Sf2'nfic Balancing Nachinei; Ilax e beexi devised, and 
particular rtiention is rrlacle oE tha t  awociatecl with the name of 
Mr. IT. H. Jlartin and manufactured by 3lrsh1.s. Joshua Ruc1:ton 
S: Co., hut thk type of machirie does not strictly come within the 
scope of the subject now under consideration, as it is not a 
Dynamic Balancing Machine. 

Further, there are " Over-speed " Testing 31auhines for 
turbine rotors in use by certain firms, but these nlachines are 
not for testing d3-naniicel balance, hut for subjecting the material 
of thc rotors to stresses in excess of thosc they will experierice 
in scrvice contlitions, in orcicr to  detect possible weakness in the 
material of the rotor. The letter is spceded up from 20 to 
2.5 per ccnt. above rwaxinnlrn service speed in a machine placed 
in a dug-out or isolated building, suitably surmounted by sandbags 
and ballast, &c. This test is carried out before rotors are bladcd. 

Thc question naturally arises as to  why there are so few 
types of DUynarniu Balancing Mac.hines obtainable. 

Small Dvnamic Balancing Machines have been in use for 
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many pears, and were developrd t o  deal with snlall rotors, 
armatures, and other high-speed rotating parts. The problem 
of securing proper balance first became acute in this field, and 
particularly with high speed rotating bodies which worked with 
their ayes vertical, such as centrifngal milk separators, oil- 
separators ancl pnriliers, and T-ertical moi ora. 

The provision of a Heavy Uj-narnic Ralancirlg Blachinc, 
capable of dealing with large rotors, such as are in common uhe 
to-day, is n very costly proposition, taking into consitieration 
not only the mac2iine itself, but also t21e ponel-ful motor and 
control arrnngernerltv required, the substanti;~l folrndations, and 
floor-space served by a suitable overhead traveller. 

In these circurustances i t  is to be expected tliat on thc ono 
l~ancl tlie turbine manufacturer requires very definite ctmviction 
as to the indispensability of tbcse rnaehines before sinking tho 
necessary capital, and on the other hand the would-be inventor 
aitd ~ilachinc tool manufactirrer ham little hope of oarly return 
of capital cxpendcd in costly research and expcrirnental work. 

Many firms of the highest standing in this and other countries 
have hesitated to adopt t.lynnmic balancing machines because 
of their confidence in the quality and homogeneity of the metals 



en-iployed, the high-class worknianship, the care exercised in the 
blading of the rotor, atlcl the &tic balancing of the rotor, followed 
by the testing of the turbines under steam in the shop, during 
mhich the bellaviour of the tlirbine as regards ribration is 
carefullv watched. 

More or less i~nproviaed mearls have beer1 adopted in thc pa5t 
in many large Engineering \I'orl<s by which arq material dynamic 
out-of-balailcc could he detected, whilst the tnrhines Tere beiiig 
run under steam, and it was pobsible, by trial-and-error methods 
to eliminate the out-of-bal:mce sct as to eventually arrive at a 
condition where various rough and ready tests demoil,itrated the 
absence of any material vibratory forces. \\'hen this stage was 
reached it was col~sidored there could not be anything radically 
wrong with the balance, and on the n hole su't)scquc~lt experience 
confirincd the verdict. It lnlrst he admitted, hon-ever, tliat these 
methods w-ere too crude to be regarded as a really satisfactory 
engineering proposition. 

1lrit.h the admnt of C'urtiss, and other irilpulbe tj-pe turbines, 
the clviiamic Lslar~cine rnacl~ine cult received a further set hac1.1. 
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beca~iac each wheel could br: staticalIy halanceti before heini 
threaded on the shaft. 7'he manufacturer then Itad sorne 
justification for assnming that the asseiuhlecl rotor. could not 
reasonably be nlatt>rialI> out of balance, and in any case the 
steam test in the shop r tnx still applied to determine ahether 
any noticeable dyna tnic ou-of-balance existed or not. 

Other reasons of a practical nature have albo operated to 
arrest the adoption of elaborate Balancing 3ilachiner.x-, chief of 
which were the exp.zmion arid distortion of parts xvhicl~ take 
place whilst the turbine is being heated r~p,  pa~ticularly -c\ ben 
Iliglily superheated steam is employed. 

It was tlrerefore regarded as futile to dynamically balance 
rotors whrn cold, to -tine degree of accurac;v, in view of such 
distortion d parts, together with the slight blade displaccu-icnt 
W-liicli iuvariably occurs when fkt run up to sped.  

There i soruo truth in these contentions, but the need for 
d.ynamic balancing still renxains. Somt: makccs urge that turbine 
rotors should be dynarriically balanced both before and after 
the turbine has beer; run at its maximum speed, under steam. 

In all)' case it rnay be stated with certainty that the dynamic 
balancing machine is rapidly gaining in f s r o ~ x  in the large 
Erlgineering and Electrical Pirnzs of Great Britain, Germsny, anci 
U.S.A. 

Germany has niacie greatest progress to date in the develop- 
ment of the large type nlachinrs on a commercial basis, and the 
particnl:%r tvpta which has met with greatest success so far is that 
based on the original design of Dr. Lawaczeek in 1908, as simplified 
and corllmercislised by Dr. Heymaim of Darmtadt University 
abo~it  1917. This machine is that ~nanufactured and sold by 
the Firm of Car1 Schenck of T)armstaclt. 

There arc over 20 of this design of machine in this country 
itt the present tinie, and over 200 in Geriliany, U.S.A., Japan 



and Italy. No apology is therefore tendered for proceeding to 
describe this particular machine in some detail. 

The Schenck Machine is of very practical design. The rotor 
to be tested is supported in bearings which are mounted on two 
vertical "leaf springs," one at each end, as shown at (A) in 
Fig. 3. 

These " leaf-springs " are of very special steel accurately 
machined and rigidly secured at the top to the bearings taking 
the rotor spindle, and at the bottom to the base of the machine. 

They are of very substantial rectangular section as may be 
gathered from the diagram, and are removable, several pairs of 
varying section being provided with each machine to suit different 
weight rotors. 

The tendency of any out-of-balance of the rotor when revolved 
is to sway the top end of the leaf-springs to right and left 
alternatively. If the rate of revolution can be arranged to cause 
these lateral impulses to correspond with the natural period of 
vibration of the spring, very considerable oscillation of the top of 
the spring to right and left will occur. 





This is the basic iclcn on 1vhic31 tbc Schenck Jlachine is 
deqigned. The pri~~ciylc is old and was enunciated by Dr. Stodola 
in con~iection with steam turbine rotors many years ago. 

The rotor under test is gradually spreded np to about 700 or 
800 rers. pcr niinute. During this period " stops " (C) and (D) 
are engaged which prevent any movement of the springs at  all, 
see Fig. 3. 

Then the motor is orltirely disconnected from the rotor under 
test, the drive being transmitteri through a special magnetic 
clutch (A) to er~able this to bc readily effected, see Fig. 4. 

The stops are now disengaged, a lirxiited extent, but sufficie~ltly 
to allow a reasonable anioi~nt of free vibration of the spring u d e r  
bearing (X) leaving the other one (Y)  still restricted, observing 
that the benrings on which the spindle is carried have spherical 
extcrn;~l scatings. hence either erld of thc rotor can oscillate 
laterally. whilst the other end is restricted, .see Figs. 5 and 6. 
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FIG. 6.-Schenck &fachin?- Diagram illustrating RTebhod of 
Supporting Rotor. 



As soon as the niotor is cliscon~~ected t l ~ r  rotor runs entirely 
f r ~ e ,  and its speed gradually coasts dowrl till it reaches a point 
\$hen it ~uol~rcii tari l~ causes the spring to '' bhnddcr." Both 
bcfore and after this critical period t h r e  is usunll\- 1-ery little 
vibration of the leaf springs. 

The :tmplituclc of the vil,ration or " sllncldcr " is recorded 
as an arc on a flat piece of paper hcld in the Erarr-rc shown at  (A), 
Fig. '7. The. nlovelne~lt of the pencil can be reaclil adjusted to 
equal the anlount of thc springs or to multiply s11(.ll rlioven~ent, 
a ~ l d  i t  i.; co~nnlollly about 2 inches o\cr:~II to  stturt \\ith ancl 
finishes up with a mark of less than a h- inch amplitude if 
desired. 

The amplitude of vibration as recordctl on the diagram 
enables the operator to determine the weight required at a given 
radius to  eliminate this vibration, but n little experience is 
necessary befurc the correct " countcrn eight " can Lte arrived a t  
without a slxccession of trial runs. 

'rhc position around the circnrx~ference a t  which the " counter- 
weight " has to  be fixed is found by running the rotor whilst 
n special scribing instrnulcrlt as illustrntetl at (B). Pig. '7, and in 
detail in Fig. S, marbs the shaft hot tl before a11tl 11p to the 
nlaximixni vibration of the spring. The instrumellt is set wit11 
the parallelogram franle in the horizontal position, and means are 
provided so that frictional resistance t o  movement of the pencil 
&%ay from the rotor can be adjusted. 

When the scriber is first applied the. rotor &haft may be 
running nith so little oscillation that n mark is then 111:tde nearly 
ad1 round the shaft, but as the rotor speed reaches that a t  which 
the spring commences to  vibrato, the shalt in rotating and 
oscillating, gradrlally pushes the scriber away from its original 
sctting, and at the same time causes the point to rnovc slightly 
in the axial direction of the rotar due to the parallclogram frame 
construction. srr Fig. 8. 

Consequently n series of ever-shortening arcs are mado on the 
rotor spindle, the last mark rnade being that when the shaft is 
a t  its maximum oscillation. 

I n  order to eliminate the effect of " Jag " the rotol. is now 
revolved in the opposite direction and another series of curves 
is recordtd by the scriber. From tllesc two markings the posi- 
tion a t  which thc counterweight requires t o  bo afExed car1 be 
determined. 

The first stage of the operation is nonr f i s h e d ,  the counter- 
weight is temporarily nflixed, and the same procedrlrc is carried 
out with the other end of the rotor, thc completed end non 
being " restricted," in its bearing (see Fig. 6). It will be noted 
that the rotor docs not need to bo lifted out and turned round, 
b~xt remains in its original position in the bearings. A r e p &  
run of the first erid is then made to  elilninate the eflects of any 
alteration made to the second end, before finally tc-ing the rotor 
with both springs unrestricted, whcn it will usual@ be found 
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that  the rotor nil1 coast cionn through the resonance period 
n ithout appreciable tl-emor. I t  is vcry r,ire that Inore than tllree 
tcnlporary " counterweights " are required to render the rotor 
satisfactory. 

The bn~all " counterweights " are onl>- uied for corlrenience 
to  arrive a t  a atate of balancc. Their nlnoulxt and position being 
1<11o\v11 t h e  hn1anc.e is effected in practice by removing equivalent 
nletal from .the rotor. or adding thereto if the former alternative 
ih ir-rlpractissble. 

Fou~dnfioaa.-The founctations of this and other large dyr~nmic 
l~alancing 1n;tchinei.; require t o  be verj subst;ir~tial. Four or 
five feet depth of concrete is usual, depencting on the nntare of 
ground ant1 the size of the machine. 

-JIngizefic ('lzttcl?.-The rneans for giving the rotor the " spin " 
t o  gct it above the resonance speed requires t o  be such that  the 
driving gear is entirely clisconnectcd from the rotor under test. 
In the Schencli -7laclline t l i i ~  is effeetccl by a magnetic clutch 
between the motor ant1 the rotor. 

X11 parts engaged in speeciirig up  the rotor. incll~iling the 
tlriving motor itself ancl. the n ~ q n e t i c  olutcll, are thcrnsel\es 
dynamicaUy balanced to avoid any possibility of the,% parts 
affecti~ig the rotor (irlrler test. 

Lubriccrfio)~.-The proper hrhrication of the two bearings in 
which the rotor under test revolves is important. and an auxiliary 
ulohr-driven primp ii.; fitted in the bed of the ruachinc to supply 
forced lubrication. In the large machine this motor can also 
he used for traversing the heads along the bed to  set them at any 
particular posit ion. 

Bearings.-These are composed of three main parts (see 
Big. :3),  viz., the outer hotlsing (U), the spherical-seated inter- 
mediate portion (E), and the inner shcll (F), with its white 
mctal lining. The reliability of thc readings is enhanced if 
the morliing clcaranee of these pparfs is kcpt a t  lowest practicable 
lirnita. 

1Yin&e.-The power absorbed in nindape when revoleng 
large rotors with the cor~cwve side of the blades against the 
air is very considerabje, and for machines of l 5  ton capacity 
050 to  300 horse power is rccluired. 

Such a rotor nnder test creates no inconsiderable breeze, 
and for this reason i6 is advisable t o  site the machine where 
this will not cause i~lconvenience or dieturbance of work, nrld 
if neces:sry to  erect a screen. 

It is therefore evident tha t  large machines require t o  be 
eauippwd with very p o ~ e r f u l  motors. The controllers :tko 
require to be of suitable t y p  for f ~ v p c n t  stopping and starting. 

After ex l~ r i cnce  it is possible to dispense with the rotation 
of the rotor in  the astern direction tts well as in the ahead 
direction in order to locate the circurufercntial position of 
.unbalance, so that i t  is not ahsdutely essential to r u n  the 



rofor iw both rlirecfions. I t  greatly facilitates finding tllc required 
position, however, and in most cases is of great assistance. 

Ln~qe P~.opell~rs.-'f'he comparatively high speed a t  tvhich 
the Schenck Machine is designed to operate is an advnntage 
in onc respect, as it, raises the order of the centrifugal forces 
due to out-of-balance and renders their calibration easier. but 
high speed of revolution is not favoura1)le when dealing with 
the larger diameter propellers, as tlie youcr absorbed in M indage 
arid the air disturbance caused are so corl~iderahlc. 

Degree of Xctz.sit.l~~e~zes,~.-The Xchenclr Machine for rotors of 
l to 13 tons is guaranteed by the nlnkers to detect out of-1)alnnce 
amounts at either henring as follov-c: :- 

Rotors of 1 to R tons - - G grtzrumes a t  1 metre radius. 
,, 3 to 6 ,, - - 10 > , > "  

,, 6 to 9 ,, - - l ;i 3 ,  I ,  

,, 9 to 12 ,, - - 20 3 ,  - f 
,, 12 to Is,, - - 30 7 7  - 7  

(30 grammes = I oz. approx.) 

Roior Spind7es.-Tt is  rssential that the spindles of rotors 
under test shall bc witllin fine Jiniits of accuracy, to avoid false 
vibratory readings, and to obtain satisfactory resnlts in this, 
or any simi1,ar type of dynan~ic balancing machine, a tolerance 
frosn true cj-linder of not morc than hdf a thousandth of an inch 
on any diameter between 6 inches and 10 inches is advirsablc. 

ilrlcthud of Supporting Bo6or.-111 the Schenck Machine the 
< < leaf-springs " supporting the rotor are in compression. i n  
the M7estinghousc DJ na~nic Balancing Machine tliese springs 
are arranged to be in tension. thus enabling springs of less cross 
sectional area to be employed. The general construction, 
however, is somewhat cornplieatcd thcrcby. 

I n  eonsequencc of the much lighter springs eruployed in 
the Westinghouse AIachine the dcsigned resouancc s p c d  avcrages 
about 200 r.p.m., as against the avcrage rehonance s p e d  of 
about 600 r.p.m. -ivhich obtains in the Schenck machine. 

The lower s p e d  is advantageous ns i t  entails less driving 
power, and is h c l p f ~ ~ l  when dealing with propellers, b11t on the 
other hand it is not ,so sensitive in detecting small out-of-balance 
amounts. This type of machine with springs in tension has 
advantages in dealing with rotors of exccytional size and weight. 

Axial thrust 01 rotors under test.-Special rneans arc provided 
i11 some machines to take the axial thrust of bladed turbines, 
due to the windage when under test. 

Testing large fans.-Large fans such as thosc used for ventilat- 
ing coal arid other mines Iiave been dynamicmlly tested with the 
eye of the fan and the peripheral opening securely covered in 
with thin material snch as canvas to avoid " windage." 

Exact poinfs of our-of-bniance not loc.czted.-It is necessary 
to realisc that dynamic balancing machines do not pretend to 



locate the precise point. or points, a t  which there is: an  out-of- 
balance in a rotor. 

The>- deal only with the resultant centrifugal forces operating 
at the bearings, and afford the means of ascertaining the magnitude 
and position of counterneights necessary to lleutralise such 
forces. 

Tricrl c r 7 d  error methods.-Although the Schenck Xachine is 
based on sound principles i t  is open to the criticism that  the 
modus op~randi  of arriving a t  a state of dynamic balance entails 
a considerable number of runs, and depends upon trial-and-error 
methods to determine the exact " counterweights " required. 

It is therefore interesting to know that the original La~$aczeck 
Xachines embodied devices of a highly scientific character with 
the object of avoiding trial-and-error methods, and that these 
have gradually been abandoned in favour of making the machine 
simpler, less expensive, and more suitable for usage in a workshop. 

The present design is the outcorne of many years experience, 
and in actual practice i t  is found that  the operator soon learns 
to interpret the requirements with a close degree of accuracy. 

At a well-known £km of centrifugal pump makers in this 
country the average time required to completely balance a 
36 inch pump and its shaft averages l& hours from start to 
finish. 

Turbins rotors, up to about 5 tons. arz nornlally conlpletely 
balanced in 3 hours, and rotors up to 13 tons in 5 or G hours, 
depending on the amount of out-of-balance. 

It is therefore evident that,  trial-and-error methods not\rith- 
standing, the state of balance is arrived a t  expeditiously. 

Oben-Carwen i7Inchine.-One of the class of smaller cl~namic 
balancing machines, viz., the Olsen-C'ar~ven, made in the U.S.A., 
claims to dispense with the necessity for any cslculation 
whatever. 

The rotor under test is connected to rotating parts in a 
headstock and a compensator, and the whole is supported on 
a vibrating frame which can be supported on a longitudinal 
or a transverse axis as  desired. 

Weights in the headstock can be adjusted by external hand- 
wheels to put the whole system into balance, and dials register 
the amount and position of the weights. The makers state 
tha t  the charts supplied with the machines then enable the 
counterweights t o  be determined ~ i t h o u t  necessity of any 
calcnlatio~ls. 

The machine is made in several sizes, the smallest dealing 
with work between 2 and 8 Ibs. in weight, and the largest with 
rotors up to  7 tons. 

I n  the larger sizes the cost is exceedingly heavy, which may 
be readily understood seeing that  the " vibrating frame " has 
to  support the whole system of rotor under test, driving gear, 
compensating apparatus, and headstock. 



There are sonie good features i t i  this machine, particularly 
for light ~ ~ r l i ,  but in the heavier nxacllineb there seenls to be 
a possibility of false readings beirlg registered due to so m:tny 
other revolving parts being connected up to  the rotor under 
test, particularly after the inevitable wear-and-tear devclops in 
the moving parts. 
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