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                           Vibration in ships.

            Bs  N. W.  Akimoe  Esq., President &  Tre:}surer of  Vibration

                       Spcciaky Co., Philadelpliia, U.S.A.

               [Be"tl at  the Meeting  oE  the Society c,E  Ntvval iLrchitacits oi  ･Tnlnu,,

                               irt Autumn  oE  1922.]

    It 1ias been of  only  comparatively  recent  date that any  praetieal metl!od  hns beeu

eyolved  for the analysis  and  elimination  of  vibrations  in ships,  building, robutillg  bodics, ete.
                          '

Vil)rations in vessels,  since  the day tbat propellin.a machiltery  was  first insttdied, have beell
                        '

a  very  serious  problem.  ru tvll vessels  they  cattse  uuxvarrallted  deteriornttou. Ill pleasuye

eraft  aud  passenger vessels,  it is not  an  uneommon  oceurrence  for a  vesseL  to have to alter

her speed  to otiher  than  that for which  it was  designed, because of  excessive  yibratioiis

in some  patrticmlar part, usua!ly  wliere  passengers mess  or  Iounge,  and  again  it may  be

oll the bridge wlLere  the  llautical  imstmmeuts are,  mttking  them  difficult tn Teaa,  or

tltrowing tliem out  of  adjustment.

    In naval  vesselg  of  all  nbltions,  vibratious  produce a  problem more  seriotis  tlLnn iu

other  classes  of  yessels,  because there are  tiimes wlLen  vessels,  to fi.aht properly, must

operate  at  certtuin  set  speeas.  Tliese speeds  may  be such  that tlie vessel  vibrates  ex-

eessively,  tlierebs grently reducing  her fighting effieie"c>,'.  All the larger naval  vessels

1itute a  great llumber  oE  accurate  instruments loctLtcd in the fightiug tops aiia  ou  tlte

pltLtforms on  tlie masts.  These positions naturally  hasre great amplitut13  of  vibrntion,

"'hen  yibration  exists,  in the  vessel,  thereby  making  tlie roaditig  of  tlLe instruments

iuaeeurate. Loll.cr range  firing is especia11y  ethcted  by  these eonditions.  There are

records  upon  recoras  where  tlie range  fuder in the fightin.pt. top  could  not  be used  beeattse

of  excegsive  vib}'ation.  Practieally every  covuitry  ILaving another  type  of  war  vessel,,

t･lie submarine,  gn'eat difficultJr has  been  experieneed  in r[uining  at  desiglled speed  beeause

of  yibrations.  Speed reatTetious  of as  high as  25%  1iavc been required  before some-

s'ess'els  of  tl}is t.ype svould  operate  satisfactorily.
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    tS.s･ rc:.r}trds tlLe efTbctb'  of･ vibrations  on  tlLe machine!'y  of  vessels,  there are  a  grcat

m/-uLy  reeorJs  ot' cascs'  oE  brokori slialtiug,  of  tliroiving propeller bli/Ldos, bL.arin.us destroyed,

destmuf:tion of  strats  aua  rudders,  t]irowing of  biatliug wires  and  commut:-Ltor  b.)rs, turbine

bla:lin2 strtppLsd,  broken  st ¢ am  1ines, broken turbine casiugs,  ete.  It was  thc numL-rous

prnblen]s of  tliis nature  tlLat brour.crlit N.W.  Akimoff; tlie fouuaer of  the  Vibration Speci-

alty  Co. into tlie field of  vibra,tioiis.

    Mr.  AI{imnff begau firs't by  evnlviitg  meabns  for etnablyzin.o  unbalanced  fo!'ces and

elimi"ating  vibratiolls  in rotating  bodies. For  tliis work  lio developed  tL b:--lancing

rnaelLinti.. Follosvin.u. tliis developmellt came  tliat wliieh  ltad to do with  tlic vibrations

prodReod  1}y tortiiontMl efH]ets.  Varions  illstrtiments, sueh  as  the yibroseope,  azid  torsie.araph

h}Lv:} bo.tm developcd for tmssistanee  in tlte study  oE the various  vibration  problems.

    N'il.}rAtions in vessels  }:,re produced  ill serverit.1  difTk)rent ways  :

        1. [1]ltose vibratiolls  attLsed  hy  exterilal  forc:es, tliat is by  the  wind  and  sea.

        2. 
'S'il)･riLtiolls

 pro/luee:1 1)y u'niform  
'tvindio.c,r

 aud  unwinding  of  tlie sliaf'L, otl'Ler-

               wise  known  as  tninsiorraL.

        3. Vil)ratioiis eaused  by  improper  des'ign, sueh  as  the improper Ioc:Ltioll of  prO-

               peller, in'e.eularity in pitcli of  propeller, unequalized  
'worlc

 iu cyli]iders,  etc･

        4. Yibrations etLuseLl  by  sliifting  iuertial forees, suL･h  as  is eff-teted  hi a  four or

               eiglit  eylillder  enginc,  wlLere  the resnltatnt  eenter  of  g-rntvity of  the recipro-

               cating  parts rnakes  a  preseribed sltift for eacli  revolution  oi･ the engine.

        5. Plain uillnlanee.

    IFo'v tlte praetical eliminattroii  of  yiby.Ltiou  iii vessL.ls,  we  firift proceed  to oye!`eome

tlie eM-)yt  of  thob'e yibr.i,ti(ms  p:vnaueea 1)y tho forees tLs  desi.cr. llated  above  under  headiu/ s

`2',
 ;{, }m.L(1 1.

    ![]ltc dctntil lians of  a  sliip's  ltull }n'e  first developed alltl tl･ie cltt･ui'acteristics  pertaini'ag

to vil,ration of  all  pr,Lrts of  t"ne }mll are  accurt-.tely  aseerttLiued.  
'"1iis

 illclua･es data for the

etiuitorial  moine'tLt  of  inerti/v dia･:-g'etLm, au(1  the dtttii for the lotLding tli:agram.  biollowimg

the esLuablisltLnent  oE  tlie ltull eli.uli.Lcteylst.ies, tlic rnaeliinery  is devoloped  into el,Lstie

systems  with  a  fillite llumb:r  of  dc.v. rees  of  freedorn, Wlic d:-lita ai'e  analyzed  and  eha!'ae-

teristics of  the  lc)eatiou of  tlie vtnious  parts of  thc m:･L,chiuL.ry  are  obtniue51.  TILe various
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picccs of  in:.LcliiiLery roEe!:t:e{1 to above  gLre s"elL cornbiu!-ttio]!s  ns  the assernbly  of  tlie･

turbine, rcduction  .oear,  slLafti'u.{r, propelle}', nntJ  alsr,  the }.tssentl)ly  of  thc vthrious'  [Luxili:･Ly".

'anitt･i.
 In tl}is autdysis  tlLe.re eomes  up  frequcutl}' tlie ftLct tlLat torsional  vibratious  exist

hL t]Le slta £tiTtLr oG tlie inachinvry.  This calls  fov a  clitLllge  of  desigll, so  tlmt there wlli  bc-
   'no

 torsioan1 vibratio]]s  within  the rau.ae  of  t!ie nainut･xl  perioJ of  1!ul! vibratious.  [Vl!e

abovc  analssis  also  iueludes the Etsee!rti.thting  cf  thc yil)rtLtions  pro[luced by those mueltiues

v;rliicli 1!avo sl'.thiug  incrtial £orc".s  that in uo.xvay  cau  be el"imhmutod  by  
"oalance.

 ,This

machiuer:y-  ineluaes suclt  auxilit･Lries  as' are  driven by engines  having siuglo  throw-eranks,

four eylitider,  four cycle,  interllal combustion  ell.crines and  reeiprocating.  pumps.  [VILe lt･tst,,

as  a  rale,  protluce e'Efects  whiclL  are  yery  miuor  in their effbct  ori a  vessel,  xvhen  eomp}.Lre:I

to the eM'ets  ol tlie main  propelling mac]iinery  and  laxge generating  units  sometimes  fo[llid

in a  ship.

    A.itor tlte el!arfLete!"istics  of  tlic hull and  macliinery  aro  ascertELined,  tlse locntiou of  tLll

maelLii,Ler)-  c,m  tl!en be definitely laitl aosvn and  tlie eollstruetion  work  of  ti.ic vesst-Jl  be/--.,Tius.

r might  tLdtl lteve tlttrt this positl･on og  loesutiou o+P･ macliinery  is in a  great mczLsurc  esscntitU

ill oytler  tliat tlie yibvations  procluced by tlLe mtiel!ilies  yvill  not  syuclirouizc  witlL  the pe±
-iods

of  tl･]e lo.}cle.d lt-ull.

    Furthermore, it is tLbsoluteiy  esseitt'ial  tltat no  elitLiiges  hi tlte hult, or  inaehinery,  iu

?Lll.y respeet  be maile  nfter  tlie fiitttl tvua17sis  of  tlie datta. [VILo cliange  of  cL!ar,Lctetistic･s  in
                                                 -
aiiJ' p}n'ti,eular ele.ineiLt  itt a  eoinbintlitiou  "'il} elLatis.e,  tlie cltn.rae'teristic  oE  the 

'svliole
 coin-

bination, tl,terel)y miLlcillg  r}uy  previotis cnlcu'klitions  uscless.

    Tlie 'cibrnti･ons
 eorniug  uu:],c,n- tlie first Iioa[liu{.r aite not  ,:cgtilatr  iu oecurreuet)  x,ntl are

l)ractic;dl}' i]nl)ossil)1/i. to  corrt.s,et. 
'

    1ihose 
'vibi:iLtious

 eoniills.  un'lc!-  tlte fitJtlt ILeaaEng--ia otlier  "'ords,  tlie ollc}s prodaceJ

bJ' sttLtic  an,1  (l.y"}Linie  ni.Llx.tl:.L.nco  i]L tlic rot:,'.ti'ng  p'.rts are  eli,niin:-tted  I))- !ne:Llls  c)f, i)tLLuic-

ins. tiL+.ose p?brts. At･ tl/iis poii.Lt I "'ill  sttLtd  just svl!at  is ine,･Lut 1,}' st-,･rkiu aucl  c]s'n;u'nic

tiiLI}tbla'tice.

    Ste.tie uiihttlauee  niaeuis  tlLatt tb.e ceuter  of  .cr. rttyitJ'  of  tlLe boLly does not  lie ex;,Letly

ou  tltL, t}.xi/)" o:,] rot,Ltion.  I)ynLuuic tutbtLlaucLx  n)e:･t･ns thtLt thc!'e is a  centril'asyal eoupi.c  iu

a  bod)' tlutt is t"'o ho/tvy points oiL opposito  sidtis  of.t]ie  shaS.t, but uot  iti tlLe smua
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motion:swm.critig  of  the frame, the

bearing  C  ,being maintainect  i:i:.crid; and

s'winging  of  the  bearing C, the frame

F  being maintained  rigid  by  sueh

                               .

'means
 as  braekets S; while  the most

gtrllpral niotion  coisists  of  a  eombina-

'tion
 of  these two  motions.

    [I]he operation  of  sueh  a  combina-

tion machine  is very  clear.  In order

 to secure  static  balallce we  lock the

by properly adjusting  the magnitude

 oscillations  oE  the frame I", thus  esta

'in
 ounee-ineh  units.  Ag  Eoon  a,s

･the
 bearing C, when  the same

'gthe
 elamp,  as  explainecl  aboye,  can  be

142
   .

tiransverse plaue. A  two-throw  erankshaft  would  be a  good  example  of  this eondition,

except  that here the centrifugal  eoup]e  can  be seen  tight from the drawing and  balaneing

'machine
 would  be unneeessary.

    For  the statie  and  dynamic unbalance  of  rotating  bodies, Mr. Akimoff has devised

two  types of  machines.  Ti.te first type is known  as  the Combimtion Static and  Dyriamic

Balaneing Mac}iine and  balances first staticaily  and  then dynamtically. The  second  type

gives data which  determine both static  and  dynamic unhalanee  in onD  operation.

    Figtrre No. 1 gives an  idea of  the layout of  the first type  of  machine.  A  frame F

･supports
 the be.ancings B  and  C, which  c:･Lrry the body･ The  frJme has a  swinging  period

oS  its own.  The  bearing  C  may  either  be locked, so  that it aets  exactly  like the  rigid
                           '
'bearirLg

 B, or  else  it may  bc aUowed  to float in a  yertieal  plftne, bringing into play

certai-  resi'stnuces  (springs) opposing  its deflection ftom the neutr,d  (vertical) position.
'The

 correctillg  centrifugal  force is indieated by  K.

    Such a  systL)m  is Imown  in ayllamics as  system  with  two  degrees  o £ freedom, in            -/

gener.iL bein.v cflpahLe  of  two  kirLds of

U/carurt'lilw'vtt"'t 
t..rt.t"-n..::ntJ/..ufft!1,st,t

 
tluittz(

 /: 1  ltt.t  t t,z  . .rt'"sst

FS

7

    bearing

     and  direetion

     blishina

  this bas

cenuifugal

       made

                I"ig. 1.

  C  and  imlock  the frame support･s  S. Then,

       of  K  we  en･n  reduce  to zero  the bodily

 .  the exact  value  and  sign  of static nnbalance

been corrected,  we  loek the fra･me F  ftnd  unlock

 force K, ereated  by a  sTzitable adjustment  of

   to eoireet  the boay  for dsnamic uubalance.

NII-Electionic  Libiaiy  
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The  adrantagau  of  basing  the  results  om  centrifngnl  force instead of  on  a  centrifugal  couple

is rnthnifest,  the former being a  fuudthmelltal, and  the Iatter a  derived unit,  so  that the

former is cnprtble  ofi much  greater accuracy  in adjustment  alld  of  more  direct appli.cation

'thAn
 the latter,

    Figrire 2 shows  the first type  of  machine  in its final stage  of  developrnent.

    Figtrre 3 shows  tihe dynamic supports  of  this mftehine  with  a  gyroseopie  conipass  rator

on  them.  In this figttre it will  be noted  that tlie dial is Absolutely  steady,  "'hile  the gyro

wheel  is being  run  on  the maehine.  If unbalance  existed,  this dial would  vibrate  to n,

grenter or  lesser deyree, dppending on  greater or  legser amouht  of  imbalance  in the wheel.

All statie  bnlancing ig done by rotation,  escillation  of  the b]dicntor dial indieates that
                          '

vibi'ntionpt  are  present, and  that uubalauce  exists.  in stteh  work  a/s the above  mentionea

gyro wheel,  }li static  balanee hns to bp unusaally  accurate  in its accomplishment,  in ordeT

that the dynA･mie bp.lanee may  be absolut21y  accura･te.  [Dhts stands,  of  course,  for all  woria-

we  b.aLance on  our  mAchines,  that is, tlie body  must  be in perfect static  balanee befoJe a

perfeet dynamic  balance  ean  be obtained.  [I]1iese gyroseopic  compftss  wheels,  as  you  all

know, nm  ttt a  very  hi.crh rate  of  speed  and  the slightiest  unbalance  in them  has  a  very

pronouueed effect.

    [I]he cLamp  showll  on  the right  hand  of  the crankshaft  on  the balancing maehine,  in

figtrre 2, is used  to introduce the centrifugal  force to counteraet  the  eentrifu.cral  force of

whatever  the unbalanee  mny  be. Tbe  dynamic  sapport,  whieh  support3  the right  of  the

crnnkshft £t in this figure, is first locked and  the static  support', or  spring  whieh  is

sho"'n  oll the batse of  tbe machine,  is released  so  that the table will  vibrate  in a

herizoutal plane  att ri.aht angles  to the axis  of  rotation  oE  the body  bein.c balanced. [I]he

body  is then  rnn  up  through  its eriticnl  speed  and  the clump  attiched  to introduce the

eounter  ceutrifugtt1  £oree,  the correctors  applied  in the proper  plane to elimiDate  tlie statie

unbalmunee.  The  base is then  seeured  and  the dynnmic  bearing on  the right  releasedi,

and  using  the sEune  elamp,  data are  obtained  whiell  give a  reading  i ounces  ttmes

inches times illches, whieh  is the value  of  the dsnamic  coupla  From  this int'ormation, a

dynamic couple  opposite  in sigtr  is applied,  whieh  bring$ one  of  the  prineipal axes  of

the momental  ellipsoid  of  the hody  iuto coincidence  with  axis  of  rotation.
                                     T
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    Figure  1 sliows'  ViLe seeondi  type  of  !)alancing tnaeh{ne,  whieli  is rnade  priixiarill fov･

liaudlilig lieay.y weiglits･  It is i'ery  li.crht aud  veiry  s'-'nsitiye,  the pvincipal part3 being two

yibrt･Lti},.g sttpports  and  tho thrust･ As  iu the first type, this' maehille  gives dati.L wl]iclt

allow  for a  very  aecttrato  correction  for both stntie  aud  dynamie unbtLlance.  Using the

equipinellt  menticuetl  in this papL'r, especially  in the  baltmeing machinerrr  on  propellors,

reduction  genm and  turbine rotors,  has maae  an  astomiding  difference in sliip  operation.

Since ive  1iave acourate  m2ans  of  determining (iu o"nce  inches-static, and  ounces  times

inches times biche".-dyllamie) the unbalanced  forces that ex{st  in bodies, it has been a  Tery

simple  matter  to e!･dcnlate  their effk)ct on  bearings and  ship  stiruetures.

    In this da] ef  hi.cr.li veloei't.v,  machinory,  the s'trains  put on  variorLs  parts by  these

unbalaNced  forces are  trenioudhus  aucl  t-he dauger to pemsonnel  is not  to bo taken  lightly.

    Iit regard  to balancing, tliLire have  been several  erroneous  ideas presented by  yarious

pcople, who  apparelltly  do not  unde!stand  the fundamolltals, or  else  have not  given  the

matter  suffieieut  thoaght.

    We  h?zve 1iad casos  whe!'e  an  ellgilleer  of  a  larg'e plant stntcd  that he baLxnced h`oav.y

bodies  aceuratoly  on  ]uiife ectges  ahd  cthrefully  applied  his eorree'tions  with  re £e.rence  to the

eellter  of･ gravity, and  
･that

 in so  doing, the dyuamie eouple,  T:'hich  if it existed,  was  so

smi).11 that practical!y no  vib!-atiolls  ss'ere produced. This  is incorreet-first, beeiiuse it is

absolut,ily  impossil)le to balanee accuriLtely  en  knit'e ed.cres,  tmd  seoollctly,  because "e  have

foulld bod:'es in perfeet stat'ic  balauct  ivhieli  liad sucin  a  prollonllced d.ynamic couple  tliabt

it "r:･}s absolately  impossible  to generate suffieient power  to op2rate  t]]em tl]rough the

critical  speed.

     Again, we  haye ha[1 a  casie  of  a  b:･Llallcing macliinc  manufr}ctiurer  who  elaimed  blmt

1)s the application  of  one  wt]iglit  he eonld  mnko  eorreetiou  for bolh the static  ullbalmunce

aud  tkc d.x'narnie eouplEi.  llr,his is iu erior  beesuus" th" eorrection  of  the above  named  eoinbi-

                                                                                  '

nation  requires  at  le;.-st tl}ree weights,  one  for tlie stthtie aua  a  pftir oE  weiglits  located iu tlie

same  axial  pl:-:,lle, IS(.>O apart  ou  tl!e oppostte  ends  of the bo/ls to ba b.],1/mced, to corrcet

for thc d.vutLn]ie cvuple.  Of ccurs"e,  a  combiuatiou  of  two  weights,  oue  at  e/...rJh cud,  in the

result,･Litt plallc, ;vli-ieh is a  resultant  oE  tl!e statle  tuill  aynainic £or  that eud,  maJ'  be  applied

instetia oLV appl.ving  t!iree wcights,  or  
'four

 walglits'  as' the ease  may  be, four sveights  beiu(s'
                                           -
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used  when  the statie  is divided between the two  ends  of  the rotor.

    It is quite evident  that the timei here when  there must  be close  cooperation  between

the nayal  architect  and  tlie marine  eugiue  desiguer, in order  that some  sueh  system as  the

Vibration Specialty Company  has evolyea  will  come  ivto vogue  in the building ef  every

vessel,  so that all  destructive alld  othervvise  undesirable  vibratious  in sliips  mfty  be

elimiuated.

                                  Diseussion.

Enginee"qommander  Nobutake  Enya, I. J. N,-It  is a  gt:eat pleasure to us  to

have a  valuable  paper prepared for our  jubilee meetings  by Mr. N. W.  Akimoff  ou  yibratioll

in
 
ships

 
a[nd

 
his

 balamcing maehine.  The balaDeing  is no  doubt one  of  the most  importallt

problems in modern  mechanical  engineering,  because vibration  is one  of  the causes  
of

 troubles

with
 high speed  machiueries.  We  have had a  quike uumber  of  bala[ncing methods  but

none  of  them  is scientific.  f am  very  glad that bhrough  Mr. Akimoff's energetic  investigatioti 
,

this important problem has  fually been solved;  the new  method  inyented by him is a

scientific one  which  gives satisfa,etory results,  saving  mueh  time aiud  expense.

    With  regard  to vibration  we  have to keep iu mind  that the non-uniforrnity  of  wtLke

behind
 
a
 ship  is a  maiu  fuetor inducing vibration  in the ship.  The speed  of  wake  is not

same
 at  eyery  point of  eurTent  in which  serew  propeller works,  and  the fluctuation of  the

wake  giyes the different slip  anid  causes  the yibration  of  the propelling machinery.  Main

ellgines  of a  war  vessel  must  be very  well  balanced, because  in her, weight  and  space  do

uot  allow  to make  them  superfiuously  strong.  The  engineers  of  Japanese Navy  have done

their
 
utmost

 by  several  methods  to get the best balance of  machines  a[nd  of  their parts,
such  as  turbine rotors,  reduetion  gears, ,screw pTopellers, robary  pumps, Diesel engi  es,

gasQlille motors,  etc.  I am  speeially  interested with  this brallch of  engineeriug,  and  after  a

thorough investigation on  seyeral  kinds oE  balaneing maehines,  I eame  to the collelusion

that the Aklmoff maehioe  is best of  all.
    '

    
When

 No. 3 maehine  was  supplied  to Japaneso Navy  in 1921, I was  in Philadelphia,
with  commander  K, Kajimoto, I.J. N. aud  our  assistant  engi'neev  T. Natmikawa,  and  we
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had  the pleasure of haying an  interview wibh  Mr. Akimoff and  of  hea[rillg the explanation

on  his machine  personally from him. I am  very  pleased to tell the writer  of  this psper that

the
 
main

 
steam

 turbine of  the Oil-Tanker 
"Kamoi"

 of  Japanese Navy, which  develops

S,OOO S. H. ?. and  is coupled  to the main  generator, was  balaneed by Akimoffs  machine

at  the Sehenectady Factory  of General Electric eompany,  and  was  found to work  sads-

faetory. '

    Mr. Namikawa  who  has studied  in detail for several  days how  to use  the machine  at

Mr. Akimoffs Philadelphia factory is now  esperimentiug  it at  a  factory of  our  Navy  Yard,

and  I expect  that I may  giye the report  of  the experiment  to the writer  before long.

    Mr. NW.  Akimoff:-In connection  with the comments  by Engineer-Commander

Nobutake Enya, I. J. N., we  agree  that there a[ve certain  periodic uniform  changes  in a

vessel's  wake  which  produce vibrations.  They  are  of  such  a  nature  that they mny  be

analyzed  aand  their period accurately  ascertained  beeartse the vibrations  thus produeed are

caused  by forces controlled  by  tlie vessel.  The propeller is the  most  vital  factor in this

pa[rbicular ease  and  its type, speed,  and  location must  be carefully  studied.  The  study  of

these
 vibrations  is a  part of  the whole  study  referrect to in my  paper･

    Since Tve  are  discussing the subject  of  Vibrations, the thought occuiTed  to me  to add

a  few records,  which  might  be found of  interest.

    Diagram A  illustrates the vibration  of  which  the fraqueney was  exactly  in accordance

with
 the number  of  revolutions.  This illustrates one  of two things: either  the propaller is

out  of balance, or  the engine  is located upon  the boat in such  a place that it is sensitive

to the reeiprocating  action  of  the three-cylinder mechanism.

    Diagram  B  illustrates something  entirely  different. In the first plaee, the frequency

of  the wave  1ine is three times the number  of  revolutions,  elear!y  indicating the defeetive

action  of  the propeller. Furthevmore, it will  be observed  that every  third wave  is more

prominent than  the adjoining  ones.  Upon  iuvestigation it was  £ound  that the cylinders  of

this triple-expansion en.crine  were  not  adjustea  properly, so  that the H. P. eylinder  was

doing twice tlie work  of each  L P. and  L. P. eylindei:.

    It frequeutly happens that a  propeller which  acts  very  well,  ftnd gives no  trouble o £
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any  sort,  all  of a  suaden  begins to eause  vibrations  and  eonsiderable  loss of  eeneiellcy.

ff this oceurs,  investigation might  be made  as  to whether  some  obstructiQn  has been

struck  by one  of  the propeller blades, with  the resultin.c  injury to same.

    As regards  balancing propor, I might  say  thati at  the preseut time  this has beeome

a  true shop  method,  and  1 sincerely  hope that it no  longer presents any  mysteries  t3

either  tine bnilder or  the user  of  high speed  apparatims.

                                    Dingrara. A.

                                                            N

                         t:me  ctsrere

                   
N
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                         DuLg=in'i. B,

                              .iv･'Vip t
               ttMe  cL.c･ :ore
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