
DARlAGE AND REPAIR OF AN IMPULSE 
TURBINE. 

The following account of the partial stripping of an H.P. 
turbine in one of H.M. ships, together with a brief description of 
the subsequent repairs, is of irlterest as an example of the 
importance of investigating tile cause of :1ny unuwnl vibration. 

Ilistory of the Tzrrbine.-ThC turbine is of the usual Brown- 
C'urt~s type, consisting of one velocity compounded stage with 
tuo  rowb of moving blades, followed by a number of simple 
impulse ~~l iee ls .  The history of this unit has been a somewhat 
cve~ltful one, containing as it does no fewer than three cases of 
darnage to the bla&ig. The first of these accidents was due to 
improper operation, and occnrred shortly after the vessel was 
completed: the defects were made good but, owing to the war 
conditions then prevailing, the ship subsequently proceeded on 
service without carrying out a repair trial. During the following 
t \ c o  years no at terrl~t  was rnade to obtain full Doner. but .. 
eon*itlerahlc anlolult of high s p e d  steaming n as ~iecessarily 
c,\pel*icilced ant1 ~nti-f:rcto~.? ~.m~rlirig nas  obti~inecl. 

r 7 111~ sc~oltd uaic of  dnln::gc to thi. t11rl)ine occ~irred some 
> c1tirs later -\ilicrl hen1 y X-ibratiou dcrcloped, :ind. on opening out 
foi.  exnruiniition, it \)as disco~crcd that the first stage had been 
p~r.ti>tlly " stripped." The defects in this instance xere due to  
the detachment of n ~lumbcr of the fixed blades in the upper half 
of the casing, the carrier ring, to which these t~lades were 
attached, haling corroded to such an extent that in one positiorl 
the dovetail hacl practically disappeared. I t  is curious to note 
tlint the corrosiorl was experienced a t  the top of the casing 
instead of :;it the hottom where water might he expected t o  
lie: this selective action can onlv be accounted for bv the 
'tssumption that ,211~ air nitllin the casing tended to accumulate 
in the upper portion, thus causing the corrosion. 

The turbine was -riot tested for balance after this repair, but 
tr satisfactory trial nt sea nas carried out: no urlusual ribration 
\\us ~ l o t i ~ ~ d  during this trial, although i t  wau reportcd that the 
repaired turbine wtxs less steady than the correspondiTig unit, thus 
giving ex idence of some slight want of balancr. 

Satisfactory service u:ts obtained fro111 the t u r b i i ~ ~  for the 
succeedir~g period of eigllteeri months, after which time slight 
~ibra t ion again becarnc apparent. Further use of the unit a t  
cruising spectls causcd :L gradual derclopment of the vibration, 
bat  the amount \$as i~lsuflicient to gire rise to any serious 
apprehe~isiorl. 

The third and final mishap occurrecl in this turbine when 
atkenlptiug a periodical Full Power Trial, after some six months' 
experience of the increasing vibration just referred to. On this 



occ:csion the disturbance becalnc progressively morc rnar1;cd :IS 

thfl speed was raised, resulting in the fracture of the lubrici~ting 
oil return pipe from the forward bearing of the cruising tlxrbinc, 
while lagging was shake11 down from the stctcm pipes, and it also 
bccame ncccssar.y to Iash all thc valves in the vicin~ty of tllc 
tllrt)ine m orcler to prevent their moverncmt. 

I t  was nevertheless dccided to proceed with the trial despitc 
thc somewhat disquieting circumstances, slid spccd was gradunll~ 
increased till the power developed was 1)ut little below the 
anthorised maximum, the total period talicrl for worliing up 
1)cirlg ninety minutes, :h normal allowance far such a set of 
turbines. 

A t  this point i t  was ilotieed that  three of the nuts securing 
the cap of the forward H.P. bearing had slackened back, and. 
irnmediatcly following an i~ttcmpt to  tightcil these, the sudden 
appearance of n clortd of stcain from the forward 1T.P. gland, 
accompanied by the frdcture of :L skid or) the forward H.P. 
bc:zring cap, resultcd in the :zbandonrrrent of the. trittl. 

On returning to hur.bour, ~~c l lc t s  of l)latJitig 1rl:tteri;tl M ( ~ I * ( ,  

founci in thc XI ell, hile the cnrl)on paclting of tire H.  1'. 
forward gland was .:discoveret1 to be brol\cn and burnt, with 
;~ccompanying scoring of the rotor spindle in the irnmedi:lte 
neigh1)onrIlood of the gland. The forward H.P. turbine bei~riirg 
was in fair cortdition anct that of the renlainir~g bearings was 
good. lSridge gauge readings wcre taken but provided no 
twidencc that the rotor spindle was bent outside the glands, as 
lr~ight have been dcciuced from tlle condition of the latter. 

The turbine was subscyi~cntly opened out a t  a ciockpard, tllc. 
following defects I~eing revcnlctl :- 

RZ(~ding : First Row of jirst stage wheel.-All shrouding 
rnissing. F'ifty pcr cent. of the bla(Z(~s broken off close to  the 
rim of the wheel, or between this position and the reduced root 
section. The remaining blades were badly bent in a direction 
away from that of ahead rotation, and were damaged on both 
inlct and exhaust edges. 

All root portions were found in the groove, which, however, 
had been opened out on the inlet side k)y amounts varying from 
10/1000 in. to 16/1000 in. 

Guide Blades of$rst stq~.--Shrouding and blading intact, but 
the inlct edges of nearly all thc blntlcs were badly dontcd and 
cracketi. 

Secwt~d Row oj',hrst stcxge u~?~eeL.-Slrrcjudiug and blading intact, 
bat  rnnrketl by contact with broke11 pieces of blading. 

TIE blades, however, appcarcd ~laclc m the groove, wh~le the 
shrouding had hccn slightly lifted in places. 

Remaining stages.-The blading was generally in good condition 
but slightly marked. 

N o z z l ~  Flutes .. First stage H.P.-The niclrcl stcel plates were 
severely dented, the outlet for steam being practically dosed. 
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Cracks wcre found in 30 per cent. of the plates, extencling in 
-ome case% fur a length of l:, in. on both edges of the outlet edge 
of the riozzle. 

Diaphragm8.-The nozzle plates were in good condition, but  
the serrations on the diaphragm glands had been set orer in all 
cascs, while some of the " floating " gland rings wcre not free. 

Forward 13.2'. Carbon Gland.-The top half of the packing 
box was found to be cracked in sewn places and nas badly 
worn in the rocesscs for the csrbon rings, which wcrc all broken. 

Rotor Spiud1e.-'rlie qpintlle diwo\ereci to be bent to a 
mavirnum of 107/1000" 1)etwccw thc first stage wheel and the 
forward end of the shaft, as indicated on Fig. 1 .  The spindle 
nas nor11 by 39/100OU ancl 18,'1000" in \ray of the forward and 
aftcr carbon glands respectively. 

The exact cause of the damage in this case is necessarily a 
matter for some speculation, but certain points revealed by the 
subsequent enquiry are suggestive and indicate the probable 
developments leading 11p to the failure. 

In  the foregoing narrative it has been mentioned that o ~ c r  
a period of some rnonths prior to  the accident i t  was noticed that 
the ribrtltion of the turbine Ilnd stctrtlily illcareasecl, thus indicating 
the possibilit~ that the claninge 1i:~t l  hecn gradual: this theory 
is so~riewhat discounted, ho-rrcvcr. b? the fact that all the blade 
roots ncre fonnd intact in tllc whccl. 

Therc is, however, little doubt that thr rotor \\as not in pe~-ft,ct 
balance after thc partial re-blading carried ont soinc two years 
prior to  the occurrence under discussion. This \\ant of balance 
c~~ident ly  could not increasc ixnlc.ss dibtortion of the rotor or 
local change of mass took place, the probability of such changes 
being slight. however, in view of the fact that no high speed 
running was carried out aftcr the satisfactory trial on conclusion 
of the repairs referred to. The cause of the increasing vibration 
may, however, be ascribed to gradual \$car of the hearings or 
to  loose~ling of the bearing rluts : the lattcr appears to  be tlic 
more probable solution since three of these nuts wcre discovered 
to  hare slackened considerably during the period of  ork king up  
to  full power, an  unlikely occurrence unless the nuts were some- 
what 1oo.w prior t o  the commencement of the trial. 

The possib&ty of the shaft having been initially bent is dis- 
counted not only by the successful repair trial but also by the 
fact that  no trouble had bccn experienced with the carbon 
packing mhilt. on service. 

The available evidence thus points to  the damage having 
resulted from the gradual slackening back of t h ~  bearing cap 
nuts over a considerable period under the forces of -\ibration, 
due a t  source t o  the lack of Falancc which developed on the 
occasion when the turbine was partially re-bladed. 

On working up to  high power a nuniber of the bearing r~uts  
slacked back t o  a dangerous extent, with the result that  one 



stud fractured in spite of ari attempt t o  harden up the loose rrlitq. 

This defect permitted thc shaft to  rltb heavily in the fornarrl 
H.P. gland, giving rise t o  local hcnting :zntf subsequent bending 
of the shaft, with tlie accorrlpnnyirig damage to the diaphragm 
glands and stripping of thc turbine 1)l:~iles adjacent to  the $mint 
of maximum dcfiecticn. 

This accidt\nt points not only to  the tlesirahilit~y of avoitlinp 
re-blnding it? .situ. linlesi :idequate steps are tnlierl to  rnsurc that 
n reasonal)ly good balance is obtained, but also to the prime 
necessity for the thorough investigation of any nnusual vibration. 

Onc further point is stressed by the events leading up to  this 
accident, namely the impropriety of atterrlpting t o  adjust the 
bearings of machinery while it is at n-ork : the lrisdorrl of such 
a proceeding is a1n:q-s :l mattcr. of sonle dollbt. and espwciall~ 
so when a heavy out-of-balance force is acting upon t h ~  I~earingh, 
as in this instance. Thr~re it: :l distinct po.sihilit\- that the 
attenlpted atljtistrnrnts actuall.> accelerated the f~tilure, 13 hich 
rrlight have betbrl avoicicd had the t ~ ~ r h i n c  1)reil stoppecf in order 
to erls~lre ttlr even tightcning 1111 of thc Ioosc nut5 : this \-ic.w- is 
to some extent borne out by thr, fact that the fracture of the 
stud follo\ved irnmediatc~ly upon the latter operation. 

Repairs.-The repairs carried out do not call for any special 
description, but a hrief account of the method adopted for 
straightcning the bent shaft and of the degree of accuracy obtained 
may hc of interest. 

After removing the rotor wheels and diaphragms from the 
..haft, the after end was secured in  the chuck of a Inthe, a steady 
Llearing being pro\ idea a t  that part of the shaft nhich canrried 
tho first stage wheel. Under this condition thc shaft between 
the lathe chi~ck and the steady (A and R )  was true nithin 
1,11000" while the extremc fornartl end, which was unsupported. 
was 109/1000" out of tnxth (Fig. 1).  

A bush was then turned t o  fit tightly on the shaft in the place 
of the steady bearing, the outsidc of the bush being concentric 
with the bore of the shaft. I'hc shaft was removed from the lathe 
and set up in V blocks Inid on ;t suitablc straightening slaf). one 
1)locli s~xpporting the aftor shaft jonmal, nhile the other was 
placed under the bush. A strong back was fitted for use a t  the 
latter point, and a mufflcd fire :manget1 under the shaft at the 
position a t  which the bend comn~enced. 

The shaft was then slowly heated and a t  the same time 
 evolved on the V 1)locks. When sufficiently hot, the fire was 
rcmovetl and the shaft firmly bolted down by rrlearis of the strong 
back, straightcning being effvcted by moans of a 10-ton jack 
ttpplicd under the shaft between the bend and the forward end. 
Thc operation of heating and jacking t h r  shaft was carried out 
several times until the error had been practically eliminated. 

The truth of the shaft was then ascertained by placing it in 
a lathe with the after end in a chnck, the bugh being supported 
in a steady, leaving thc forward end of the shaft free. TJnder 



these condition* thc shaft was true srithin 3,1U00" at the e~tremc. 
tbnd. After thc- bearing journals and the k~adly scored portions 
of t l ~ c  shaft in x~nlie of carbon packing harl 't~cen nl:~chinccl. the 
shaft was rcvolvetl in supports placed a t  tlhe main 1)earing.s nnci 
found t o  be true with 1 ;/100On. 

Before the wheels were fitted to the shaft, they nere 5ccltrecl 
to a surface plate and the rirns tried for truth wit11 a scribing 
block with satisfactory results. The wheels were then assembletl 
by forcing them--nithout heating-on to their respective cclneh. 
the edges of thc shrouding on each .;(at of blades being ft~ired b.v 
turning a a fintrl opcra,tior~. On completion, thc. sides of the 
wheel rirn, were " clocllc~ct " nith a ii~icronleter 215 t h e  rotor 
rcvolwtl, the rn;~simlirn end being G/ 100W"' 

Ba7unci7zg.-The balancing of the completed rotor was 
carried out by mounting i t  on sliitahle hardened straight-edges 
about # in. wide and oscillating i t  a t  eight different positions 
of the circumference. The periods of oscillation were recorded 
and plotted and thence the " out of balance " of the rotor was 
calculated, the necessary adjustment being effected by removing 
metal from the hearieqt parts of the xvheeIs. 

111 this i~latance the shaft with one ulieel fitted 011 the largest 
cone was first tlralt with, the n1et;~l for correcting the " out-of- 
hnl:lrrc~e " of tlleqe item5 being rcnlox-eci from t h i s  nhcel. -4ilother 
1vhcl21 was then added to the shaft, and the adjustment for the 
three units made on the second whcc.1. 

This operation was rcyeateci until the " out-of-balance " of 
the rotor complete with shaft, whrels, clutches and thrust sleeve 
was reduced to five grains per cwt. this being the limit of the 
acci~racy obtainiahle by this method. A full description of this 
method of balancing a. rotor is given in another article in this 
series of Papers. 

The forcqoing details indicate the standard of accuracy 
which may bc achieved in a. repair of this nature, given good 
worlcn~~anship and the necessary plant. It is to be noted, how- 
ever, that the repaired rotor falls short of the requirements for 
new machinery in several particulars, which may be summarised 
briefly as foUows :- 

(a)  The ~ h a f t  and wheel rims are not quite true. 
(b) The wheels were originally arranged to be a force fit 

upon the shnft, thtl difference between the diameters of 
the shaft and the bore of the hub being such that a positivc 
grip was retained even a t  a speed 20 per cent. grcater than 
that corresponding to full power : forced fits of this magni- 
tude entail the application of heat before the hubs can be 
forced on to  the shaft. If, as was done in this case, the 
wheels are subseq~rently re~noved and replacecl nhen cold, 
the amount of force fit becorncs indefinite as the hubs may 
have undergone some permanent deformation, resulting in a 
risk that the wheels nlay be loose a t  full power. 



( c )  The shaft was strai.ghtenetl by tllc local application 
of hetit, without hcing subsecluerltly atlnr;iIecl all over a t  
one operation. This is undesirable, as portions of the 
r~iaterial will inevitably have bccn heated to ;L " blue licat " 
with consequent deteriorntiorl in its physicnl ~~ropertics. 

(d )  The rotor after repair was adjr~sted so as to be in 
good static balance, ailcl in the absence of a dynamic 
balancing maclii~le this R i l h  the best that could be done : 
the method of balancing :a each ~vlieel is added does not 
erlsllre that  the dynamic halance is satisfactory. 

Conclzrsion.--A successful trial at 90 per cent. full power was 
carried out on conclusion of the repairs. Thc turbine ran without 
vibration except for a minor " hump " which disappeared at the 
higher speeds. 



DEFECT IN A HEAVY OIL ENGINE. 

A somewhat unusual defect in a semi-Diesel engine recently 
came to notice and a brief description is appended for in- 
formation. 

During an overhaul of the engine some months previous to 
the actual detection of the defect, it was noticed that the slrirt 
of the cylinder liner appeared to be 4 in. low. This was attributed 
to incorrect manufacture and unfortunately the liner was not 
withdrawn for examination. Subsequent examinations of the 
engine after continued running (without withdrawal of the liner) 
showed no extension of the drop, thus apparently confirming the 
above supposition. 

Finally, however, on starting up the engine after periodical 
cleaning, heavy knocking occurred and the engine was immediately 
stopped. It was found that the liner had dropped a further 
-& in. thus enabling the cfankhead bolts to foul the skirt of 
the liner in their rotation, so causing the knocking and some 
considerable damage to the structure of the engine. 

Removal of the liner revealed the fact that the portion of 
the cylinder casting which supports the upper portion of the 
liner had fractured in a complete ring along the section indicated 
in the figure. The fracture was clearly of long standing and 
undoubtedly was the cause of the initial drop of the liner. 

It appears evident that the liner was retained in its displaced 
positior~ by the effects of friction at tbe part A and at the lower 
joint, this being sufficient to meet the normal axial stresses. 
On the occasion of the h a 1  accident however. it is ~robable that 

A 

all overcharge of fuel on starting gave rise to abnormal pressures 
with the result that the liner was forcibly ejected till the skirt; 
came in cantact with the crankhead bolts. 
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