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STERN BEARINGS AND SEAL FAILURES
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There are m any papers and  docum ents in circulation touching in depth  on the m erits o f 
specific designed bearing seal systems em ployed on m odern  naval and  com m ercial vessels. 
Each speaks o f  the successes and  the failures o f  the system being prom oted . In  fact, the 
advances m ade in stern tube bearings and seal designs cover bu t a short span o f  tim e since the 
adop tion  o f  the screw propeller over 100 years ago.

The early naval architect and  designer was confronted  w ith the problem  o f  supporting  
the shaft and  bringing it th rough  the hull w ith the m inim um  o f bearing losses and  ingress o f  
sea w ater. The m aterials and  techniques then  available, were reviewed w ith the hostile 
environm ent o f  the sea alw ays in mind. Early selections were w anting in bo th  the ability to  do 
the jo b  efficiently and  avoid costly m aintenance. E ventually a fibrous bearing m aterial was 
found  which proved to be successful, a lthough  w ear still persisted and  a lim ited am oun t o f 
m aintenance was still required. F u rth e r refinem ents were definitely needed.

M any years passed before this problem  was again taken  up  w ith enthusiasm  and  the 
determ ination  to  do  th a t w hich had  no t been done before; progress was abou t to  be m ade and 
bearings using rubber and  plastics were introduced. B oth the w ood fibre and  the elastom er 
bearing were w ater lubricated . Sea w ater was excluded from  the ship only by an internal 
packing gland system. L ittle design a tten tion  had been paid to  this gland since its m aintenance 
was nom inal and  required  no particu lar skill. M eanw hile, the overall p roblem  o f  bearings and 
seals persisted, since a full solution had no t been resolved. F o r years stem  tube fram es and 
tail shafts were refitted on a  routine basis with new bearings and  liners, with the know ledge 
th a t lim ited perform ance and  eventual replacem ent were to  be expected.

The adop tion  o f  the oil lubricated  stern bearing was delayed because the conventional 
packing gland could  no t be used fo r both  the exclusion o f  sea w ater and  the reten tion  o f  oil 
in the stern tube  bearing  cham ber.

Progress has again been m ade th rough  the developm ent o f  several types o f  sealing systems 
which now  assure the good perform ance o f  oil lubricated  stern bearings.

This paper is an a ttem pt to  appraise bearings and  seal systems and  repo rt on failures 
thus far encountered.
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ANALYSIS OF BEARING FAILURES

This paper will a ttem pt to  bring the record  up to date on  the 
failures w hich have been know n to  occur during the past ten  to 
fifteen years and includes analyses o f  three types o f stern bearing 
designs and  several seal systems.

It is obvious tha t there is a  close physical relation  between 
the stern bearing and  the seal system w hich prevents the ingress 
o f  w ater a round  the shaft. In som e cases, the failure o f  one can 
cause the failure o f  the other.

F o r  m any years the accepted m aterial for stern  bearings in 
propeller driven vessels has been fibrous lignum  vitae m aterial. 
It was selected because o f  its ability  to  m ain tain  a  propeller shaft 
relatively true, and  to  support it as it passes th rough  the stern 
frame. T o prevent the ingress o f  w ater, a  w aste packing gland 
is used inboard  o f  the bearing. This type o f  bearing depends 
largely upon  sea w ater fo r its lubrication  and, while in an unw orn 
condition , is quite effective. O n vessels w hich ply the deep 
oceans and  seas, reasonable life can  be expected from  this 
bearing m aterial bu t w hen ships are  required  to  m anoeuvre in 
shallow  rivers and  estuaries, the w ater is highly pollu ted  with 
suspended abrasive m aterials w hich pose a  th rea t to the life o f  the 
bearing m aterial. Some vessels require  rew ooding and  others 
bearing and  liner m aintenance on short overhaul schedules.
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W ear-dow n o f  the bearing m ay be from  0 020 to  0-300 in, as 
no ted  fo r tankers w ith m achinery aft. The inboard  seal, however, 
can  be m aintained w ith less difficulty than  the bearing, since it is 
m ore readily accessible.

As w ear continues on this type o f  bearing m aterial, the shaft 
is fu rther displaced from  its alignm ent and  v ib ration  and  po u n d 
ing often occur. T his is the sign th a t som ething m ust be done or 
severe failures o f  the shafting etc., m ay occur. A  review o f  the 
engine room  logs o f  m any ships will a ttest to  this operating  
condition  and  it is generally accepted as one o f  the prices which 
m ust be paid fo r sea propulsion.

T he problem  o f w ear and  shock has been evaluated by 
com petent engineers in the hope o f  a t least reducing the w ear rate 
o f  a  w ood, w ater lubricated , stern bearing. Studies in to  various 
grades and cuts o f  lignum  vitae have given m uch prom ise o f 
im proved w ear resistance and  longer life. M ateria ls o th er than  
lignum  vitae, e.g. specially com pounded  elastom ers and  plastics, 
have been in troduced fo r this application  w ith considerable 
success. W ith these bearing m aterials, a  be tter quality  can  be 
m aintained and  im proved w ear resistant qualities incorporated . 
Som e are em ployed as standard  fo r naval and  com m ercial ships 
operating  in all w ater conditions. In  these cases, in ternal gland 
seals are  em ployed in m uch the sam e m anner as w ith the lignum  
vitae bearing m aterial.

The h istory  o f  sea w ater lubricated  bearings is clouded
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by the bearings’ consistent dem and for periodic atten tion , which 
becom es rou tine  w ith tim e and  can be given only the m inim um  
o f a tten tion . I t is, how ever, an area w hich is vital to  the ship and 
the overall efficiency o f  the pow er plant.

T he use o f  oil lubricated  stern bearings has been considered 
seriously by naval architects for m any years. They have, however, 
been engrossed in o ther pressing problem s o f  ship design deemed 
m ore im portan t than  the perfection o f  an  oil bearing for this 
application . Tw enty years ago, this problem  was given priority  
and  consideration  was accorded to  one continually trouble
som e problem . W hile it was relatively easy to  develop an oil 
lubricated bearing design w hich could be em ployed in m any 
cases w ithin the sam e stern tube and fram e configuration as w ood, 
the com panion  problem  o f  seals was no t so readily solved. O f 
course, this could no t be ignored and  it was obvious th a t the w ater 
lubricated seal g land could n o t fulfil the requirem ent. A search 
was m ade fo r acceptable m aterials and  designs which w ould 
perform  a dual function  o f  retaining both  sea w ater and  lubri
cating oil. M any seal designs have been produced to  m eet these 
requirem ents. H owever, the requirem ents o f  the application have 
been m uch beyond previous experiences and  the use o f  the oil 
lubricated  stern bearing aw aited the developm ent o f  a practical 
re tain ing  seal system.

Tw o types o f  seal have been developed fo r this m arine 
application , a  lip seal type and  a  face seal type; and bo th  have 
their inherent advantages and  disadvantages. M any o f  bo th  types 
are  em ployed ab o ard  ship fo r sealing o ther vital system s; 
how ever, none are required  to  seal such a large d iam eter shaft 
system. U ntil a successful large seal was in troduced, the oil 
lubricated  stern  bearing could n o t be em ployed to  meet the 
requirem ents o f  progressive ship ow ners and  operators.

W ith the advent o f  a practical seal system, the first oil 
lubricated  stern bearings becam e a reality. The first such systems 
were designed and  built in E uropean  yards w ith m uch success 
and  were developed fo r shaft jou rna l diam eters up  to  500mm 
w hich a t th a t tim e was considered large fo r m erchantm en. The 
largest passenger vessels continued to  use lignum  vitae since 
their architects were less venturesom e in the field o f  advanced 
bearing and  seal technology.

W ith the advent o f  larger and faster tankers and  cargo 
vessels, and  now, the supertankers, the bearing and  seal engineer 
is again being challenged to  develop systems fo r shafting up  to  
1500mm. W e tru ly  do  no t know  w hat will be expected tom orrow  
—the problem  is to m eet today ’s dem and with the assurance tha t 
a practical and  reliable system o f  stern bearings and  seals can be 
guaranteed.

M odern  oil lubricated  bearings are dependent upon hydro- 
dynam ic lubrication. The m oving surfaces o f  the jou rnal and  the 
stationary  bearing are  separated  by a lubricant film som ewhat 
thicker than  the roughness o f  the surfaces. F riction  is a t a  low 
level and little o r no w ear will occur. This condition  w ould be the 
ideal; how ever, in practical applications, it is nearly im possible 
to  ob tain . M isalignm ent between the jou rna l and  the bearing 
in m ost applications m akes it difficult to  build  up a thick film 
even w ith high viscosity lubricants. This condition  is fu rther 
exaggerated w hen the speeds are low and  the loads on the bearing 
are  high. Thus, the bearing approaches a  boundary  lubrication 
condition  and  the lubrication is largely dependent upon specific 
lubrican t and  surface conditions, ra ther than  upon the viscosity 
o f  the lubricant. This condition  is frequently observed during 
starting  and stopping a  system under heavy load. A good 
lubricant under these conditions is one which will exhibit good 
w etting possibilities. Since there is a  likelihood o f  jou rna l to  
bearing contac t a t the high points o f  each surface, adhesion 
will be prevented. W ith continued boundary  conditions, friction 
heat raises the local tem peratures to  a po in t o f  near seizure 
between the bearing and  the jou rnal. The high points o f  such an 
inter-action frequently shear off o f  the bearing in the load zone 
and  are. deposited upon the jou rna l o r are  spun off into the 
lubricant as m inute am ounts o f  bearing m aterial This can 
accum ulate outside the load  zone and  adhere to the bearing. This 
effect is frequently observed in bearings which under load  have 
experienced a condition  allied to  boundary  lubrication. M ost oil 
lubricated  stern bearings fail in this m anner (See Fig. 1).

F ig . 1— F ailed oil lubricated  w hite  m e ta l bearing

F ig . 2— W orn lignum  vitae water lubricated  bearing

F ig . 3— Cause o f fa iled  oil lubrica ted  bearing

It is difficult to  define and  catalogue the reasons fo r stern 
bearing failures. A review o f  perform ance records and  ship 
histories reveal m any reasons for failure. Som e failed bearings 
exhibit characteristics o f  a slow failure rate, such as lignum 
vitae w hich fails prim arily  due to  excessive wear, and  rubber and 
plastic bearings w hich fail in a sim ilar but m ore rap id  m anner. 
T he oil lubricated  bearing can fail quite rapidly under adverse 
conditions and  is thus m ore sensitive to  the elem ents which cause 
failure (See Figs 2, 3, 4, 5 and  6).
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F i g .  4— F ailed  o il lubrica ted  bearing by  overload

F i g .  5— F ailed oil lubricated  bearing by overload

F i g .  6— F orw ard  end  o f  fo rw a rd  bearing system  
as F igs 4 and  5

The principal cause fo r stern bearing failure, in oil lubricated  
babb itt lined bearings, is a m isalignm ent between the bearing and 
the jou rnal. W hen this occurs, the system goes quickly from  a 
hydrodynam ic lubricated  bearing, th rough  boundary  conditions 
in to  failure, largely due to  non-uniform  loading. H ere, loads are 
concentrated  in a  small load  zone and  the lubrican t does n o t have 
the ability to  keep the sliding surfaces apart.

Failure under these conditions can occur e ither during initial 
line up o f  the jou rna l, o r by subsequent changes in  the alignm ent 
after a  period  o f  w hat appears to  be satisfactory operation  under 
hydrodynam ic conditions. I t  is possible th a t th is operating  
condition  m ay have been very m arg inal; how ever, upon  a  slight 
fu rther m isalignm ent o f  the system  the bearing m ay fail.

Properly aligned bearing systems operating  under hydro- 
dynam ic lubrication  will function  fo r indefinitely long periods. 
W hen these conditions are  m odified beyond the capability  o f  the

film to accom m odate the displacem ents, failure will occur a t an 
early stage.

It is obvious th a t the lack  o f  the p roper lub rican t o r the 
contam ination  o f  the lub rican t w ith foreign m ateria ls can 
adversely affect the bearing and  lead  to  early failures.

Seal systems w hich leak  and  allow  w ater to  en ter the 
lubrication  system con tam inate  the lubricants an d  reduce the 
load  carry ing capability  o f  the oil film. Such con tam ination  has 
led to  failure in a  relatively sho rt runn ing  period. A s po in ted  ou t 
earlier, it is im portan t th a t the system  be under hydrodynam ic 
lubrication  at all times. W hen this system  goes th rough  the 
boundary  lubrication  stage, failure is m ost likely to  occur.

B abbitt m etal fatigue w hich generally occurs in the highly 
loaded areas, a t the aft and  forw ard  ends o f  the stern bearing has 
been the cause o f  som e failures. Some w hite m etal alloys are  m ore 
susceptible to  th is type o f  failure th an  o thers, bu t even though an 
alloy m ay have been selected fo r its fatigue resistance, its physical 
properties can  be m easureably changed during  casting. C om plete 
and  know ledgeable con tro l o f  all cleaning and  casting techniques 
is essential to  produce bearings w ith the m axim um  o f  fatigue 
resistance— loose cracked b abb itt m etal has been a  m ajo r cause 
o f  bearing failure. G o o d  adhesion betw een the w hite m etal and  
the shell m ust be ensured and  the shell m aterials w hich show  resis
tance to  bonding unless the shells a re  especially cleaned and  
surface trea ted  should  be given particu lar a tten tion . Loose 
babb itt m etal can  occur as flakes, the sm aller flakes becom ing 
suspended in the lubricating  oil, flushing in to  the oil wedge and  
d isrup ting  the oil film. These will finally restrict the oil grooves, 
thus reducing the lubrication , w ith eventual bearing heating  and  
m etal failure.

W hite m etal looseness is a ttribu ted  to  lack o f  bonding  to  the 
shell; p o o r m ethods an d  facilities, and  fau lty  quality  con tro l 
during the shell cleaning process a re  largely responsible. T he 
strength  o f  the bond  is dependent upon  good  tinning o f  the clean 
shell and  tem perature  contro l o f  the tinned shell and  w hite m etal 
w hen cast. P roper cooling an d  stress relieving is necessary to  
achieve satisfactory bond strength  values; and  m ethods and  
equipm ent are available to  perm it physical testing o f  the w hite 
m etal casting to determ ine the bond  strength.

T he m ost com m only used device is a tension  instrum ent 
w hich can  actually  m easure the bond  strength  betw een the w hite 
m etal and  the backing shell. T he system  norm ally  em ployed is 
know n as the C halm ers Bond S trength  Test (>). The C halm ers 
Test is conducted  after p reparing  the bearing  by iso lating  a  plug 
o f  w hite m etal by m eans o f  a  trepann ing  to o l and  then  drilling, 
w ith a  flat ended drill, a  co-axial hole th rough  the shell to  the 
junction  o f  the shell and  w hite m etal. T he p lug  is then  pushed 
aw ay from  the shell by m eans o f  a force applied  by a  p lunger 
th rough  this hole. Typical values o f  bond  streng th  o f  a high tin 
babb itt alloy are  represented by H edges in  T ab le  1. I t should  
be no ted  th a t the cooling rate  o f  the casting  drastically  affects the 
bond  strength. H ere the cooling ra te  is indicated and  the tem pera
tu re  o f  the test versus the b o n d  streng th  p lo tted .

T a b l e  I — T h e  E f f e c t  o f  D u r a t i o n  a n d  T e m p e r a t u r e  o f  T i n n i n g  o n  t h e  
B o n d  S t r e n g t h  

B e t w e e n  7  p e r  c e n t  S b , 3 - 5  p e r  c e n t  C u  A l l o y  a n d  S t e e l

Average
Tim e Tem - bond

o f  peratu re , Bond strength, tons/in2 strength
tinning °C to n s/in 1

15 s 280” 5 31, 5 41, 5-02, 5-57, 5 44, 5-21, 5-25, 5-46 5-3
15 s 380° 5 0 1 , 4-68, 5-72, 5-35, 5 12, 5 08, 5-29, 5 31 5-2
5 mm 280° 5 -07, 5-28, 5-44, 5-50, 5-27, 5-21, 5-35, 5-25 5 3
5 min 380° 5-65, 4-88, 4-80. 5-60, 5 31, 51 7 , 5-24, 5-20 5-2

60 mm 380° 4-42, 5 05, 51 5 , 4-61, 4-55, 5-15, 51 6 , 4 6 2 4 8
60 min 450° 0-69, 0-70, 0-68, 0-55, 0-68, 0-74, 0-72, 0-66 0-7

T he strength  o f  the bond  is dependent upon  the du ra tion  
and  tem peratures held during the tinn ing  operation . R epresen
tative values are  show n as reported  by H edges in  Fig. 7.

D uring  the tinning cycle o f  a  ferrous shell, an  iron /tin  
com pound  will be form ed a t the con tac t line o f  the tw o m etals. It 
is the thickness o f  th is com pound  w hich largely affects the 
streng th  o f  the bond. Prolonged exposure to  tin , affects the 
thickness o f  the com pound. I t  is quite obvious th a t acceptable
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F ig . 7— Influence o f  rate o f cooling on bond  strength

results can be obtained w ith relatively short periods allowed for 
tinning.

T he bond strength o f high leaded babbitt alloys will approach  
those o f  high tin  babb itt and  the criterion fo r acceptable bonds 
are similar.

Recent m ethods in u ltrasonic inspections have been de
veloped which will identify areas o f  non-adhesion, which in some 
cases is deem ed satisfactory. N orm ally a satisfactorily bonded 
bearing is one in which there is adhesion a t the edges, and  at 
least 95 per cent soundness elsewhere. The strength o f  the bond, 
how ever, canno t be m easured by non-destructive means. Satis
factory  bonds can be consistantly produced and  quality m onitored 
by proven m ethods (See Figs. 8, 9 and 10).

F ig . 8— Failed o il lubricated  bearing-bond and  fa tigue

F ig . 9— D istressed area o f  bearing in Fig. 8

292

F ig . 10— D istressed area o f  bearing in Fig. 8

Proper design and  m aterials selection in themselves, do not 
guarantee a successful oil stern bearing application. P roper 
installation technique a t the shipyard is essential. Every yard 
encounters real difficulties on the first installation and  som e yards 
have carried these difficulties over in to  the second and  even the 
th ird  installation. But the problem  need n o t be o f  such m agnitude. 
The greatest difficulties have been encountered  in the p roper use 
o f the boring b ar; generally shipyards use the w rong sized bar. 
Boring bars which are long and  flexible do  no t produce a true 
bore in w hich to  press the bearing and  shipyards w ith six inch 
bars have had to  weld up stern tubes and  rebore as m any as two 
o r three times. Some ships have been retrofitted  for oil bearings 
w ithout boring the tube, simply by the facing and  drilling o f  the 
stern tube to  accept the necessary bolting fo r the seal housings. In 
these cases the outside d iam eter o f the bearings were tu rned  to  fit 
the existing tube bore. T his can only be done if the old tube is 
round  and is in true  alignm ent.

A nother problem  in som e shipyards is the failure o f  their 
outside yard  people to  recognize tha t this is a precision bearing 
and  sealing assembly and  th a t it m ust be treated  w ith the same 
degree o f  respect show n to com parab le  bearings in precise 
turbines and gear equipm ent. Q uite frequently grit b lasting 
operations have been conducted  near the assembly o f  the bearing 
and  seals. M any stern tubes were found  to  be loaded w ith grit 
even though extensive flushing and  cleaning was carried out. The 
volum e o f the oil in a stern tube is o f  such a  m agnitude (200 to  
250 U.S. gallons) tha t flushing is quite ineffective in rem oving the 
bulk o f  the grit. Large volum es m ust be rem oved by hand before 
flushing. The w ork o f  assem bling the bearings and  seals to  the 
ship should be scheduled in such a m anner tha t the parts can  be 
kept clean up to  the point o f closing the lubricating  oil system 
(Figs. 11 and 12).

F ig . 11— D irt a n d  residue in oil slot
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F ig . 12— E ffects o f dirt and  residue in bearing

C u rren t stern  tube bearing practices dictate a  design 
em ploying a shell wall thickness o f  roughly eight to  ten per cent 
o f  the jo u rn a l diam eter. W hite m etal, uniform ly applied w ith 
thickness o f  approxim ately #2 in o r 4m m  and  finished to  values o f 
a t least 32 r.m .s. a re  specified. The length o f  the afterm ost 
bearing is generally an  L /D  ra tio  o f  2-5:1. Projected loadings o f
70 lb /in 2 are n o t uncom m on and  loads as high as 100 lb /in 2 are 
practical. I t is assum ed tha t there is p roper alignm ent o f  the 
jou rnal and  the bearing, and  th a t the structure  is rigid enough to  
m aintain  this precise alignm ent. W ith these restrictions on line-up, 
it m ay be possible to  reduce the L /D  ra tio  and  to  increase the 
allow able loadings.

It is recognized th a t perm anent alignm ent and  uniform  
loading th roughou t the length o f  the bearing is quite difficult if 
no t im possible on  conventional vessels. T o assist in relieving 
highly loaded zones, som e naval architects advocate  a relatively 
short aft bearing i.e. L /D  o f  1-5:1 and  no forw ard bearing in the 
stern tube. A spring  o r p lum m er block bearing is positioned on 
the tailshaft ju s t forw ard o f  the stern tube and  aft o f  the tailshaft 
flange. This allows fo r adjustm ent o f  the spring bearing beyond

ANALYSIS OF

Any sealing system selected m ust be com patible w ith the type 
o f  bearing to  be em ployed.

Fundam entally , the sealing system m ust be thoroughly  
reliable and  operate  w ith a m inim um  o f a tten tion  and  m ain ten
ance. A ny seal system m ust perform  a t least one o f  the tw o basic 
functions— to  keep w ater ou t o f  the ship, and  to  retain  the 
lubricant w ithin the bearing system.

A brief h istory  o f  the seal evolution, how ever, will p lo t the 
course o f their developm ents.

W ith the advent o f  the screw propeller m ore than  a hundred 
years ago, the designer o f  the pow er system was confron ted  with 
a  problem  largely o f supporting  the shaft and the propeller, and  
bringing the shafting th rough  the hull and  bearing w ith the 
m inim um  o f shaft friction and  ingress o f  sea w ater. A w ood stave 
type, w ater lubricated  bearing m ade from  lignum  vitae was 
selected since it possessed a natu ra l built-in  oiliness w hich has a 
lubristic character when run in clear w ater and  was readily 
available the w orld over. There rem ained the problem  o f  affording 
a seal w hich w ould encircle the shaft and  em ploy a resiliant 
packing m aterial to  prevent the ingress o f  sea w ater in to  the ship. 
T his was solved by the developm ent o f  an inboard  gland system 
w hich has show n little im provem ent to  date  except in the quality 
o f  packing m aterial used. C u rren t glands em ploy m odern  
flexible packings w hich have reasonably  good w ear life charac
teristics and  successfully resist the ingress o f  sea w ater This type 
o f  sealing system  requires a considerable am oun t o f  m aintenance 
and  periodic replacem ent o f  the resiliant mem bers. It is in itself a 
low  cost item  and  has been deem ed successful fo r the average 
ship built up to  the 1950’s. W ith the advent o f  larger ships w ith

the stern tube and  relieves the loading o f  the forw ard bearing 
when m ounted  in the stern tube. M any ships are  so equ ipped  and 
are giving good service.

F u rth e r consideration  o f  the p roblem  o f  bearing and  shaft 
alignm ent leads to  a system  w here a self-centring bearing can be 
em ployed. Such a design has been developed and  p u t in to  service 
on relatively sm all shaft system s w here the jo u rn a l d iam eter is 
18 in. In  this design, the bearing  shell is fitted w ith a spherical o r 
knuckle fit w hich allows the bearing to  take  its reference from  the 
displaced shaft and  afford m ore uniform  load ing  th roughou t its 
length.

This design can be fu rther refined by the use o f  segm ental 
pads o r tilting  pads so located w ithin a  bearing housing th a t they 
align them selves to  the displaced shaft. T his design has definite 
advantages over the self-aligning bushing since the pads can be 
loaded to  h igher values w ith im proved lubrication. O n very large 
shaft systems where loads exceed 250 lb /in 2, it is possible to  
design a tilting  pad  system w hich incorporates m eans fo r shaft 
suspension th rough  hydrostatic  forced oil lubrication . N o  vessels 
have been equipped w ith such advanced stern tube  systems 
although  line shaft bearings are  in service w hich em ploy this 
design concept.

In  sum m ary, stern tube bearing failures can be attribu ted  to  
one o r m ore o f  the follow ing causes:

1) m isalignm ent o f  jo u rn a l and  bearing;
2) contam inated  lubricating  oil system s;
3) excessive bearing o r sleeve w ear;
4) faulty  bearing engineering and  design;
5) bearing m aterial failure ;
6) faulty  w hite m etal lining technique.

This report touches only on the failure aspects o f  stern tube 
bearings. There are, o f  course, m any satisfactory  bearing system s 
which continue to  perform  well over long periods.

T he m erits o f  various bearing designs are  quite well know n. 
The capability  o f  bearing m aterials are  as well know n and  from  
these facts, the p roper m aterials and  design can  be selected. I t 
should be noted  th a t nearly all newly constructed  large tankers, as 
well as fast cargo liners and  bulk carriers are  fitted w ith oil 
lubricated  stern tube bearings. I t is the belief o f  naval architects 
and  shipow ners th a t they will thus have the m inim um  o f diffi
culties and  the m axim um  o f perform ance.

SEAL FAILURES

a deeper d raught as well as a larger shaft system, the gland w ith its 
resiliant m em ber becom es m ore questionable and  a considerable 
am oun t o f  discretion is necessary when it is considered fo r large 
d iam eter shafts and  deep d raught vessels.

W ith the design o f  larger ships em ploying propeller shafts to  
carry  m uch m ore horsepow er, it was necessary to  develop a 
sealing system o f  such design th a t oil lubricated  stern tube 
bearings could be used. T he first w ork in this d irection  was 
conducted  in E urope em ploying the principles o f  the lip seal 
design. The first sizes were developed fo r shafting  up  to  500 mm 
diam eter, used w ith oil lubricated  w hite m etal bearings and  were 
quite successful. In  the years from  1950 to  1960 m any E uropean  
ships were refitted with the new im proved oil lubricated  bearings 
and  lip type seals to  the u ltim ate satisfaction o f  the shipow ner and 
operato r. The fundam ental requirem ent o f  the seal had  been met. 
The sealing system prevented the ingress o f  sea w ater in to  the ship 
and  effectively retained the oil w ithin the bearing system. Little 
m aintenance was required  as the seals perform ed well fo r extended 
periods o f  time.

A  parallel developm ent was u nder way to  accom plish the 
sealing m eans th rough  the use o f  face contac t type seals. This 
type o f  sealing was no t as readily  accepted as the lip type seal 
since its operation  was no t as obvious as th a t em ployed in  the lip 
type seal. Some large installa tion  o f  the face type seal were 
em ployed as a sealing m eans to  prevent the ingress o f  sea w ater 
in to  the ship and  w ith considerable success bu t their popularity  
has no t been as great as those designs em ploying the lip seal since 
ship experiences are  som ew hat lim ited.

Designs have been developed w hich em ploy bo th  the
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principles o f  the lip seal and the face seal for application aboard  
ship. The experiences gathered to  date on such an  application  are 
lim ited since relatively few ships have been equipped w ith this 
type o f sealing system.

The m ost popu la r and  successful type o f  seal system is one 
which em ploys resiliant lip seal rings which con tac t a revolving 
shaft liner system. The seal rings are  m ade from  a variety o f 
elastom ers w hich have been especially com pounded for this 
specific type o f  seal and  are  giving satisfactory service. The 
m ajority  o f  these ships are equipped w ith seal systems fo r 
m edium  to  sm all size shafting. W ith  the advent o f  the supertanker 
w ith large d iam eter shafting for high horsepow er, some problem s 
have arisen, since the periphial speed o f  the shaft, the in ternal and  
external pressures o f  the sea w ater and the lubricating oil, are 
considerably greater than  on sm aller and m ore lightly draughted 
vessels. The face type seals, likewise, have had  this same problem ; 
how ever, their applications to  these large vessels have been 
relatively few. H istories o f  difficulties, therefore, are n o t available 
fo r review. I t is know n th a t this type o f  seal is sensitive to  foreign 
m atte r in  the lubricating  oil system w hich woflcs its way in to  the 
con tac t area and  parts o f  the faces. G yration  or excursions o f  the 
shaft and  ro ta ting  seal m em ber also affect the rate o f  oil loss 
th rough  this type o f  seal.

T here are  m any reasons fo r shaft seal failures. Some o f  the 
failures do  n o t stem  from  the seal itself bu t are caused by the 
bearing and  lubricating  oil— dirt and  foreign m aterial in the 
lubricating  oil system have been particularly  troublesom e. M any 
problem s arise because o f  the failure o f  the sh ipyard’s personnel 
to  clean the bearing  and  seal system thoroughly  before the 
lubricating  oil is applied. Likewise, the various lubricating oil 
tanks an d  piping system  have been found to  be contam inated  w ith 
scrap  m ateria l such as grit, sand, rust, weld spatter, gasket 
trim m ings, paper, rags etc. The consequence o f  such inclusions in 
the system  is generally detected shortly after the system goes into 
service and  becom es evident by leakage o f  ho t running oil from  
the seal, o r  even the failure o f  the bearings and  seals.

F oreign m aterial becom es to  som e degree, suspended in the 
lubricating  oil system and  is circulated th roughou t the seals and  
bearing  w hich causes them  to  m alfunction. I t is extremely 
im p o rtan t th a t th e  com plete lubricating oil system be purged o f 
any foreign m aterial by first carefully inspecting the system and 
then  flushing w ith approved hydraulic techniques. Foreign m atter 
in the lub rica tion  system  is particularly  troublesom e to  face type 
seals and  to  a lesser degree, the lip type seal, since, in either case, 
the sealing surface is d isrupted  and  leakage can occur. W ith the 
entrance o f  suspended d irt and  foreign m aterial in to  the bearing 
itself m ore critical dam age is done to the bearing. W ith the 
continual flow o f  a contam inated  lube system excessive w ear and 
bearing failure can occur (Fig. 12).

The specific pu rpose o f  the seal system is to  exclude the sea 
w ater and  re ta in  lubricating  oils w ithin the bearing structure. 
Experience has show n th a t oil leakage is m ore likely to  occur 
across the forw ard  seal system th an  it is across the aft system. 
W hen the balance o f  pressure w ithin a bearing seal system is 
considered it is noted  th a t there is a m uch greater pressure drop 
across the forw ard seal system than  the aft where in ternal press
ures are  counterbalanced  to  a degree by the sea w ater pressures. 
T he forw ard  seal system, because o f  the greater pressure drop, is 
exposed to  h igher contac t frictional loads which are  converted 
in to  heat energy fo r dissipation w ithin the shaft alley. A  sim ilar 
situation  exists on the aft seal. Here, however, less pressure and 
low er frictional loads are encountered  and  the seal is m ore 
readily  cooled by the sea w ater. The effect o f  the frictional heat in 
the forw ard  seal system is a  deteriorating  effect on the sealing 
m aterial which can change the characteristics o f  the m aterial to  a 
po in t where fractures can occur causing a possible oil leakage into 
the shaft alley.

V arious m anufacturers o f  lip type seal systems have developed 
m ethods to  reduce frictional heat th rough  circulating oil systems, 
thus affording a m eans to  dissipate the heat before it can adversely 
affect the sealing m edium s. These have been particu larly  effective 
on  forw ard seal systems. V arious high tem perature  sealing 
elastom ers have been developed w ith the ability to  w ithstand 
higher tem peratures before deterioration . These m aterials show

m uch prom ise fo r use on shaft systems o f  high peripheral speeds as 
currently  being encountered  on large supertankers. Since the 
pressure o f  the lubricating  oil a t the bearing is considerable, 
particularly  a t a  deep draughted  load  line, the pressure differential 
frequently  causes deform ations in the elastom er, thus exposing 
m ore o f the lip to  contac t w ith the liner. M echanical supports are 
frequently  used and prevent undue d is to rtions to  the seal and 
limit this adverse factor.

Some m anufacturers o f lip type seals are  offering sealing 
elastom ers w ith better therm al and  m echanical characteristics. T o 
date there are ab o u t 30 ships equipped w ith high tem peratu re  
e lastom ers and  the results o f  this experience have been quite 
encouraging. These seals have been in service now  fo r app rox i
m ately tw o years w ith few o r no problem s being encountered .

Some lip seals show evidence o f  cu tting  o r grooving in the 
m etal a t the riding contacts. It has been no ted  th a t som e early U.S. 
built seal systems have caused a considerable am oun t o f  grooving 
a t the po in t o f  seal ring  con tac t, caused by a  com bination  o f  the 
forces on the seal ring  a t tem peratures w hich change the charac
teristic o f  the elastom er. T his cu tting  o r  grooving has been 
elim inated in the last fou r years by the selection o f  a m ore 
com patib le m etal alloy.

T he use o f  a hard  surface coating  m aterial applied to  the 
liner rid ing  surface appears to  have definite advantages on large 
seal systems in the reduction  o f  friction and  prevention o f  
grooving. C oatings have been applied to bo th  the forw ard and  aft 
systems w ith prom ising results. Seal system s em ploying this 
coating  on the aft seal liner have no t proven to  be satisfactory, as 
failures have occurred due to  sea w ater corrosion. O n the o ther 
hand, coatings applied to  the forw ard  seal liner have been quite 
successful. The first such coating  has been in service now  for 
nearly fo u r years and  w hen inspected tw o years after application  
was found  to  be in perfect condition , w ith no deterio ration  or 
w ear on the coating and  little w ear on the seal rings. Since the 
system is m ounted inboard , there is no  corrosion a ttack  like tha t 
experienced on the aft system liner.

It has been the practice o f  shipow ners and  opera to rs to 
carefully exam ine and  replace any o f  the expendable elem ents o f 
seal systems whenever the vessel is drydocked and  the shaft w ith
draw n fo r inspection. This is a good  practice to  follow. The 
continued success o f  the seal systems can be assured when the 
vessel goes back in to  service. The period  o f  tim e between dry- 
docking fo r tailshaft inspection is dependant on  the regulatory  
bodies; ow ners are  anxious to  extend periods o f  tim e between 
inspections w henever possible. Sealing systems w ith the ability 
to  w ithstand  extended periods in service are available and 
perform ing satisfactorily.

It is a t the shaft inspection and  seal w ear elem ent replacem ent 
fitting tha t m uch know ledge can be gained ab o u t the perform ance 
o f  the seal system. There have been instances w here the w ear on 
the elem ents has progressed to  a po in t when im m ediate a tten tion  
is necessary. Some inspections have show n th a t serious defects in 
bo th  m aterials and  labou r w ould have caused failures had  they 
no t been detected. A variety o f  problem s have been presented to 
design engineers in this way and  corrective steps have been taken 
to  im prove the integrity  o f  the p roduct. Some o f  the problem s 
rem ain fo r fu rther study, particularly  as they perta in  to  very 
large shaft systems. The findings fo r this type o f  application  m ost 
certainly will be incorporated  in to  the sm aller sizes, thereby 
im proving the w hole spectrum  o f  the p roduct.

Failures o f  sealing systems invariably cause ingress o f  sea 
w ater o r loss o f  oil. In  som e cases, the ingress o f  sea w ater is in to  
the ship o r it m ay be in to  the oil lubricating  system. Loss o f  oil 
m ay be in to  the ship o r in to  the sea. M ost seal failures are 
m echanical in  na tu re , though  som e show  failures th rough  
chem ical and  corrosive means. In  general, failure by fouling is 
quite rare, even though  dam age occurs to  the propeller and 
rudder. Low tem perature operation  has little o r no effect on the 
seals.

The principal elem ents o f  the seal are the m em bers w hich ac t
ually form  the barriers. The various supporting  m em bers, though 
im portan t, are seldom  involved in the failure o f  the seal. W ear, in 
the form  o f  scores and  grooves caused by inclusions o f  abrasive 
m aterials a t the pressure contac t, a re  a principal cause o f  leakage.
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The excursions o f  the shaft operating  within the confines o f  the 
bearing can prom ote wear. In som e seals these excursions provide 
a  m eans fo r the entrance o f  abrasive m ateria ls while in others, 
this displacem ent is absorbed  w ithin the resiliances o f  the seal 
elem ents. M ost scoring and  grooving occurs on the revolving 
elem ents o f  the seal. M aterials are  carefully selected to  be w ear 
and  abrasion  resistant as well as to  be com patib le w ith the m ating 
s ta tionary  elem ent. H ardness alone is n o t the criterion  fo r 
m aterials selection. The sliding faces m ust w ithstand the norm al 
operating  environm ent including to  som e degree, suspended 
foreign m aterials. D eterio ration  o f  the m ateria l m ust no t occur 
w ith norm al operating  service.

The sealing pressures w hich m ain tain  the con tac t between the 
ro ta ting  and  sta tionary  elem ents m ust be o f  such m agnitude th a t 
the elem ents never part. T herm al expansion o f  shaft systems 
affect the integrity  o f  som e seals and  m ay be o f  sufficient m ag
n itude to  allow  leakage to  occur. M achining and  assem bly 
adjustm ent inaccuracies m ay also be sufficient to  cause leakage.

Seal elem ents em ploying elastom ers are p rone  to  deterio
ra tion  w ith age. Failu res can occur th rough  abnorm ally  high 
operating  tem peratures a t the sliding contacts. T his reduces their 
resiliant qualities by harden ing  and  cracking, thus causing 
eventual leakage. Some elastom ers deterio rate  in stages and  
release abrasive residue in to  the contac t area, w hich fu rther 
intensifies the ra te  o f  deterio ra tion  by rubbing  friction, causing 
scoring o f  the elem ents and  the generation  o f add itional friction 
heat. C areful com pounding o f  the elastom er can largely overcom e 
th is difficult problem .

Som e seals are sensitive to  the pressures exerted by the sea 
w ater and  the counterbalancing  effect produced by the lubricating 
oil reservoir pressures. The im balance o f  the o u tb o a rd  and 
inboard  pressures m ay cause d is to rtion  in the shape o f  the 
stationary  elem ent and  the area o f  sliding contact. The add itional 
con tac t a rea increases the frictional heat w hich is detrim ental to  
the sealing m aterial.

Som e seal elastom ers show  lack o f  strength  and  excessive 
d isto rtion  under pressure and  m echanical supports are used as a 
restra in t to  prevent the effect o f  excessive d isto rtion . R einforce
m ent o f  the seal elem ent is accom plished by the inclusion o f  
fabrics o r resilient m etals in the elastom er during  m oulding. 
Im proved elastom ers are  now  available w hich have m ore 
resistance to  d isto rting  pressures.

Newly developed lubricating  oil systems are  available with 
pressure contro lling  devices w hich are regulated by the sea w ater 
pressure as the vessel’s d raugh t varies. O ther systems are em 
ployed to  con tro l pressure by the use o f  m ultiple head  tanks, 
located a t op tim um  heights, w hich can be operated  either au to 
matically o r m anually to  keep the pressure w ithin good  operating  
range.

H eat deterio ration  o f  the seal elem ents is n o t the only cause 
o f  seal failures. Some are  caused by faulty  assembly practices such 
as show n in Fig. 13. H ere is evidence o f  elastom er failure due

F ig . 13— F ailed  seal ring— excessive tightening

to  excessive com pression o f  the clam ping m edium . W hen the 
elastom er was flexed over som e period o f  tim e, cracks and  
fractures have occurred ; excessive tightening in  o ther areas have 
produced a sim ilar condition .

H eat de terio ration  o f  the elastom er is evident in Fig. 14. H ere 
the elastom er has failed by w ear an d  d isin tegration  and  pieces o f  
the elastom er have broken  o u t across the con tac t surface o f  the 
elem ent. Fig. 15 show s a sim ilar condition  o f  failure.

Still o ther failures have occurred  (in rare  cases), o f  e lastom er 
“ delam ination” effect, largely caused by a  poorly  m oulded part. 
This appears to  be a  layer separation  o f  the elastom er a t the 
rup ture.

Surface blisters have occurred  on the elastom er and  where 
p robed  were found  to  con tain  either a ir o r  fresh w ater. Fig. 16 
gives the general appearance o f  such blisters. Som etim es these do 
no t becom e evident un til the elem ent has been in actual service 
fo r som e tim e. P roper com pounding  and  m oulding o f  the 
elastom er can largely con tro l this condition .

■ n n h m h i k  m
F ig . 14— F ailed seal ring— riding con tact area

F ig . 15— F ailed  seal ring— riding contact area

F ig . 16— Seal ring im perfec tions— blistering

Surface blemishes have been no ted  w hich lead to  the 
question o f  the integrity o f  the elem ent. They are  generally sm all 
areas o f  surface im perfections and  can be determ ined by visual 
inspection bu t no  know n failures have occurred  th rough  the use o f  
elem ents w hich have show n these im perfections, though  they 
appear to  be suspicious. D iligent quality  con tro l is essential 
during the m anufacture  o f  all sealing elem ents.

In  sum m ary, stern  tube bearing seal failures can be a ttribu ted  
to  one o r m ore o f  the follow ing fundam ental causes:

i) d irt and  foreign m aterial in the lubricating  system ;
ii) pressure differentials across the sealing m ed iu m ;
iii) w ear o f  the seal parts ;
iv) de terio ration  o f  the seal at higher tem peratures.
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An ideal seal system w ould be one which prevents the ingress 
o f  sea w ater in to  the vessel, an d /o r oil loss from  the bearing 
system. It w ould be a device which needs no  m aintenance or 
repair and  has infinite life. Further, it w ould be a  system which 
could be easily installed and  thereafter forgotten. It is un fo r
tunate  however, th a t such a system cannot be built w ith the 
present m aterials and  know n techniques. It is, therefore, the 
responsibility o f  the scientist and engineer to  develop systems 
w hich are as free o f  failures as possible and  perform  well under a 
wide and  varying set o f operating  conditions. W ith the w idening 
o f  m arine horizons, the dem and fo r equipm ent which will 
function as intended is becom ing a challenge to  all involved in 
the design and  construction  o f  m odern  vessels. The developm ent 
o f  new techniques and  designs to  employ oil lubricated bearings

and  seal systems is evidence o f  progress being m ade to  m eet 
present day dem ands.

W ithout a  doubt, there will continue to  be failures in stem  
tube bearings and  seal systems. M any will stem  from  causes 
discussed in this paper. Some can be prevented by advanced 
technology; som e cannot because o f  the hum an  elem ent in the 
installation  and  operation  o f  the systems. It is the hope o f all 
concerned tha t these failures can be m inim ized by the use o f 
m odern  m aterials, advanced technology and  com petent ship 
operators.
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Discussion
M r. A. R o s e , B.Sc., A .M .I.M ar.E ., like the au thor, felt 

th a t m anu fac tu ring  technique had  considerable influence on 
the failu re  o f the stern bush under the severe pounding and 
v ib ra to ry  loads w hich it experienced. It w as well established 
th a t unbonded  b abb itt w ould rapid ly  break up  due to  fatigue 
and  it w as easy to  discover w hether this was due to  the 
orig inal sin o f the m anu fac tu re r in providing poor bond, or 
w hether, in spite o f a good bond, the v ib ra to ry  loads had  been 
too  high. T h a t was to  say it was easy, p rovided the bearing 
could  be inspected before  com plete fa ilu re  had  occurred , as 
un fo rtu n a te ly  a fte r th a t point m ost bearings looked alike. 
If the bearing could  be exam ined in the state show n in Figs 
8 and  9, then  fa ilu re  due  to  lack of bond w ould generally  be 
show n by lack o f tin in the fatigued areas, w hereas if the 
original bond w ere good, th e  shearing o f the babb itt from  the 
backing w ould  take p lace above the tinned layer, leaving the 
tinned  surfaces. Som etim es, a fter fatigue failure , erosion of 
th e  cavities w ould  take place, w hich could rem ove som e of 
the tin , giving an im pression o f lack of bond. G enerally , how 
ever, close exam ination  of the sm ooth  surfaces at the bottom  
dam aged zone w ould usually  reveal w hether the tin had  been 
orig inally  present.

M etal m anu fac tu re rs w ere producing fatigue-resistant tin- 
based babbitts , w hose structu res w ere modified and refined 
by the ad d ition  o f alloying elem ents such as cadm ium  and 
silver to  the basic tin, an tim ony and copper. M r. R ose’s own 
view was tha t w hereas these elem ents w ould successfully in
crease the fatigue strength  of a test sam ple of babbitt, their 
effect upon the finished article, the bearing, was sm all. R ather 
than  add alloying elem ents to  increase the fatigue resistance 
o f the babb itt, the add ition  of w etting agents w ould help to 
increase the overall fatigue resistance of the bearing by ensur
ing better bonds.

These rem arks applied to  conventional babb itt m aterial. 
So fa r the advantages o f bearing m ateria ls used in o ther fields, 
no tab ly  the au tom obile  industry , had no t been m ade use of 
by m arine  engineers. I t seem ed to M r. Rose th a t the stern 
bearing could be im proved in this way, and  M r. Rose w ould 
be g lad to  hear the a u th o r’s views regard ing  o ther m aterials.

T he  section on cooling rates and stress relieving was m ost 
interesting. O ften , too little em phasis was placed upon the 
stress relieving of large bearings. O ne large D iesel m an u fac 
tu re r insisted th a t bearings should  no t be artificially  cooled, 
thus giving them  the chance to  get som e stress relieving. But 
m ost people insisted on high cooling rates. If very high rates 
w ere used, then the b ab b itt cooled very rap id ly  to a point well 
below  its solidus and , w ith the difference betw een coefficients 
o f therm al expansion o f b abb itt and  steel, high in terface 
stresses w ere set up. M r. R ose had  had  experience of actual 
shearing o f the in terface  during subsequent m achining. H ad  
the a u th o r’s com pany  experienced this prob lem , apparen tly  
due to  too  high a cooling ra te?  M r. R ose agreed tha t

theoretically  the higher the cooling ra te , the stronger the bond, 
bu t though t th a t very high cooling rates should  be used  w ith 
caution .

In the case o f cast iron  stern bushes, too  high a cooling 
ra te  could result in the cracking o f the casting, a lthough this 
was a very m inor p roblem  in well con tro lled  w orkshops. M ost 
large stern bushes w ere a t present cast on spinning m achines 
and the m ain danger associated w ith slow  cooling appeared  
to  be segregation of the w hite m etal ra th e r than  lack of 
bond. W hatever the cooling tim es it w as surely th e  cleaning 
prio r to  tinning which had m ost effect on bond  streng th . It 
w ould be of considerab le  in terest if the au th o r could  enlarge 
a little  on his own com pany’s m ethods o f babbitting  these 
large bushes.

So fa r M r. R ose said he had  assum ed th a t the babb itt 
w ould be cast in a m olten  state . T here  seem ed to be m any 
advantages in using a m etal spraying technique to  line large 
stern bushes. T his allow ed the b ab b itt to  be deposited, using 
the sam e m achines as for rough boring. H ot shells did not 
have to  be handled , and  since only a sm all m achining allow 
ance had  to be left, m achining tim e and w astage w ere reduced. 
T he bond strength o f a sprayed  b abb itt was p rob ab ly  no t as 
high as the best ob ta inab le  fo r cast babb itt but, on th e  o ther 
hand , the bond was un ifo rm  all over the bearing and  there 
w ere no local areas o f very poor bond to in itia te  fa ilu re . In  
the past, lam ination  of sprayed babb itt had presented som e 
problem s, but these had  been overcom e. M r. R ose's own 
experience of fatigue-testing  sprayed bearings confirm ed his 
rem arks ab o u t w hite m etal in th a t those w hich tinned m ost 
easily gave the best results in this rig, and the sprayed bearings 
had  been com parab le  w ith th e  very best o f the cast ones. 
A lthough the tests on the bonds h ad  show n them  to be slightly 
w eaker, they were un ifo rm  all over the bearing. H e asked fo r 
the au th o r 's  views on this point.

In  a paper recently  presen ted  at the Institu te , E m erson , 
Sinclair and M ilne asked fo r a reduction  in L /D  ratio . In the 
discussion to  th a t paper, M r. R ose had  presented som e graphs 
w hich show ed th a t the sm all L /D  ra tio  norm ally  accep tab le  in 
m ost system s w ould  be unaccep tab le  fo r stern gear. T his was 
because a t the low  du ty  param eters a t w hich the stern o p e r
ated , the oil tem pera tu re  rise was such as to  reduce the vis
cosity beyond a critical po in t fo r a very sho rt bearing. H o w 
ever, he agreed very m uch w ith the ra tio  L 5 /1  proposed, 
bu t w ould be very w ary of dropping  below  it.

M r. R ose asked the au tho r to give fu rth e r details abou t 
his suggestion of tilting pad  bearings fo r stern gear. M r. R ose’s 
w ork so far had  led him to the conclusion  th a t the  tilting pad 
was m ost unsu itab le  fo r stern bearings. W hen A. G . M. 
M ichell invented  the tilting pad jou rna l bearing, he had 
assum ed tha t, like his th ru s t bearing, it w ould  have had  a 
larger m in im um  film thickness than  its plain coun terparts . 
T his did not prove to  be the case. In the range o f loads and
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speeds encountered  on stern gear, the m inim um  film thickness 
was p robab ly  inadequa te  to  accom m odate  th e  deflected shape 
o f the shaft. Spherical pivots w ould allow  som e degree of 
self-alignm ent bu t there could  still be sufficient shaft deflexion 
from  end to  end, or bending over a  length o f 45 to  60 in, to 
cause rubb ing  at one end, particu larly  a t slow speed. T he 
p articu lar advantage of tilting pads, if any, w ould be in the 
ease o f rem oval o f the segm ents. In this case M r. R ose sug
gested th a t m ore  than  five w ere needed to  use this advantage 
fully. In  one o f the slides M r. K oons h ad  show n there 
seem ed to  be hardened  pivots set in to  the pad. M r. Rose 
asked the au th o r to  com m ent on their stresses and  the degree 
o f ham m ering they experienced. T hey  seem ed m uch to o  sm all 
a n d  w ould  ham m er out.

M r. R ose had  ou tlined  these disadvantages, he said, in 
the hope of provoking the au th o r in to  giving m ore  in fo rm a 
tion than  was in the  pap er— he pointed  ou t th a t th e  au th o r’s 
com pany  had  spent considerab le  tim e investigating tilting pad 
stern  gear.

T o  see the advantages o f  tilting  pad  bearings two 
such bearings should  be used fa irly  close together. T he  
a fte r  one should  be the stern  bearing of tilting pad  design 
to  hold  th e  sh a ft steady, while fo rw ard  of it a plain bearing 
should  be m oun ted  to  take  a considerable m easure of load 
from  the ac tua l stern bearing. A lignm ent w ould be critical for 
tw o bearings so close to one ano ther, and  M r. R ose suggested 
a hydrau lic  jacking system , follow ed by cast-resin chocking, 
fo r the fo rw ard  bearing, and  th a t a hydrau lic  jack be fitted 
betw een the low er-m ost tilting  pads to  facilita te  both  align 
m en t and  pad  rem oval.

W ere there no t dangers o f instability  when using hydrostatic  
oil w ith a tilting pad?  R a th e r th an  using a p art hydrostatic  
p art hydrodynam ic action  on a tilting pad, w ould it not have 
been p referab le  to  have used an entirely  hydrosta tic  system 
in a plain bush?

If hydrosta tic  bearings w ere used, the viscosity effect 
w ould be negligible and  w ater could  again be used as a 
lub rican t, as there  w as a p lentiful supply, and  sealing problem s 
w ould be m in im al. W ater-lub rica ted  hydrosta tic  stern gear 
w as a p rac tica l suggestion and  sea w ater could  be th e  lub ri
can t, filtered to  ab o u t 15 m icron befo re  adm ission. Pressures 
w ould depend upon bearing load , bu t 250 to 300 lb / in 2 should 
norm ally  suffice. A  sim ple fo rw ard  seal and an a ft restriction  
w ould be necessary, as the ou tw ard  flow of filtered w ater 
w ould keep ou t th e  bulk o f foreign m atte r.

M r . T . W . B u n y a n , B .S c ., M .I.M ar.E ., said he had  been 
particu larly  in terested  in the slide o f th e  hydrosta tic  bearing 
show n at the m eeting. F rom  the aspect o f physical dim ensions, 
it had looked as if this w ould m ean using a m uch larger stern 
fram e boss to  accom m odate  the tilting pad segm ents o f the 
bearing, w hich appeared  to  have ab o u t the sam e rad ial th ick 
ness as the stern tube  itself.

T he  au th o r had  underlined  m any  o f the fac to rs w hich 
had  led to  troub le , few instances of w hich could be laid  at the 
d o o r o f the designer; and  M r. Bunyan largely agreed w ith his 
com m ents. G iven  th e  sam e care  and  cleanliness one w ould 
give to  setting up  jou rna l bearings in m ain  propelling 
m achinery , a m odern  stern bearing with V iton ru bber oil- 
re tain ing  seals could  be expected to  provide m any  years o f 
troub le-free  service. As fo r the prob lem  of w ear in the s ta in 
less steel liner this w as a m a tte r w hich was dealt w ith a t the 
Special Surveys, and  there  w as no g rea t p rob lem  in re su rfac 
ing these. U nder reasonab ly  good conditions, it was possible 
to  get ou t o f a liner a service life co rresponding  to  three 
Special Surveys.

Such troubles th a t did occur involved the loss o f oil, but 
in M r. B unyan’s experience this had  very rarely  led to  g roov 
ing of th e  ta ilshaft. A  tem porary  rem edy fo r a heavy loss of 
oil was to  to p  up  th e  header tan k  w ith oil o f say th ree times 
the norm al viscosity, w hich w ou ld  substan tia lly  reduce the 
leakage ra te  un til repa irs cou ld  be undertaken . D isastrous 
w iping o f stern bearings w as very ra re  indeed w ith degraphi-

tized cast iron  w hite m etal lined bushes w hich did no t exhibit 
the sinister side effects o f th e  now  obsolete w hite m eta l lined 
bronze stern  bushes.

In th e  early  days g rea t changes in d raugh t o f very  large 
tankers and  bulk carriers p roduced  problem s w ith lip seals 
and  called  fo r cooling of the fo rw ard  seal, and  th e  use o f 
V iton ru bber labyrin ths. F o rtu n a te ly , w ith these large ships 
w hich em ployed pow ers over 30 000 hp, the re v /m in  was 
reduced to ab o u t 80 in o rd e r to  achieve good  propeller 
efficiencies, utilizing larger p ropeller d iam eters. H e had  no t 
know n of v ibration  problem s either w ith th e  ham m ering o f 
the stern bearings o r in the hull itself a t a ro u n d  80 re v /m in . 
T h is could no t be said w here p ropeller speeds exceeded 100 
re v /m in  w hen serious ham m ering o f the tail sh a ft in th e  stern 
bearing w as often  experienced producing  the high frequency 
excitation  of the a fter s truc tu re  o f the ship together w ith all 
the  usual a tten d an t problem s. Q uite  heavy m ark ing  of the 
top  of the stern bearing had  confirm ed th a t the problem  was 
one o f ham m ering . M r. B unyan w as in terested  to  know  the 
a u th o r’s ow n experiences o f this p rob lem . M ain tenance  costs 
and dry  dockings fo r large ships w ere becom ing astronom ical. 
T he availability  o f large dry docks a t sh o rt notice w as a 
problem  w hich m ade the fear o f sudden disasters a serious 
anxiety. T h e re fo re  a g rea t deal o f ingenuity  was being exer
cised in achieving the m axim um  possible re liab ility  o f p ro 
pelling m achinery , coupled  w ith the logical consideration  of 
increasing th e  periods betw een dry  dockings by m aking  use 
o f the latest advancem ents in underw ate r coatings o f th e  hull 
to  m ain ta in  ship perform ance.

T he  bogey of fatigue fa ilu re  in ta ilshafts  cou ld  well have 
been rem oved  by elim inating  the shaft key an d  keyw ay by 
resorting  to  the keyless bore propeller. F a tig u e  fa ilu re  m ade a 
fou r-year inspection o f th e  sh a ft a necessity. W ith  m odern  
underw ater coatings, it was now  quite com m on on  large ships 
to o pera te  fo r tw o years betw een d ry  dockings. A fte r the 
gu aran tee  docking of a new  ship tw o tw o-year dockings w ere 
con tem plated  fo r large ships w ith a ta ilsh aft survey a t the end 
o f the th ird  dry  docking i.e. a fter the first five years’ service, 
and  again a t the end  o f a  fu r th e r th ree  tw o-yearly  dry  
dockings (after a fu rth er six years).

T his could  well be the p a tte rn  of the fu tu re . It w ould 
m ean th a t troub le  free service from  large stern bearings and  
seals could be expected fo r periods up  to  six years.

M r . S . C . W . W il k in s o n  said th a t his com pany first co n 
sidered th e  developm ent o f a m arine  stern sh a ft seal range 
early  in the 1950s and  th e  decision to  co n cen tra te  on rad ial 
face seals resulted  from  a considerab le  am o u n t o f w ork 
carried  ou t on inflatable seals considered  fo r em ergency a p p li
cation  a t full pow er, and also as m ain seals on oil lub ricated  
installations. H e fe lt th a t the results o f this investigation w ere 
very relevant to  lip seal po ten tia l and  felt th a t they  m ight be 
of in terest to  the discussion because o f the ap p aren t absence 
o f any theoretical research  w ork on lip  seal design.

Basically th e  in flatable seal com prised  a ‘U ’ shape in 
verted  split ty re  w hich su rrounded  the  shaft and  w as loaded 
in to  con tac t w ith it by an  in ternal p ressu re  (Fig. 17). T his 
enab led  the sealing force ‘F ’ to be con tro lled  and  the resu ltan t 
co n tac t stress ‘S ’ w hilst a t the sam e tim e observing the leakage 
ra te  ‘L ’.

T he  first m a jo r facts th a t h ad  com e o u t o f this w ork  w ere 
those show ing the effects o f th e  loss o f the reaction  pressure 
due to  leakage a t the m om en t w hen com plete  sealing occurred . 
T hus fo r any given pressure the pattern  o f leakage relative 
to varia tions o f ‘F ’ could  be illu strated  by the g raph  (Fig. 18). 
F ro m  these d iagram s it cou ld  be seen th a t to  achieve sa tis
fac to ry  perfo rm ance, one had  to  a ttem p t to  opera te  in the 
a rea  indicated  by th e  cross a t the peak o f each curve. T his 
m eant, how ever, th a t the re  w as a serious risk th a t any  fluc tua
tion  o f ‘F ’ could  resu lt in  a com plete  loss o f the  reac tionary  
pressure and  im m ediate  heavy overload ing  of the  co n tac t area, 
follow ed by high fric tion  hea t and  possible dam age.

M r. W ilkinson w ent on to  say th a t bearing in  m ind th a t
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in m ost conventional lip  seal app lications a  constan t spring 
load  prov ided  th e  fo rce ‘F \  the problem s o f the design becam e 
very apparen t. I t  w as in teresting  to  look a t the fac to rs w hich 
provided  varying reactions to  ‘F ’ assum ing it to  be a constan t. 
F ig. 19 illu stra ted  the five m ajo r varian ts th a t h ad  to  be 
considered w ith elastic m ateria ls  such as synthetic ru b b er and 
p la s tic s :
a) R e ta ined  stress. T he  re tained  stress fell off fa irly  rap id ly  
w ith all these m ateria ls— in the case o f those w ith a poor 
characteristic  o f  this sort, such as V iton, in a m a tte r  of 
m inutes, and  those w ith the best characteristics such as na tu ra l 
rubber in several days.

b) W ear. In  a sealing app lication  one h ad  to  consider w ear, 
w hich was rem oving the m ateria l, m aking  necessary fu rth e r 
com pression o f the ru bber hoop  a t the lip. T his w ould  be a 
very sm all fac to r having an  effect over a  very long period.
c) H eat hardening. In the case o f som e o f the best m aterials 
fo r lip seals such as N itrile  rubber, the effects o f heat w ere 
to  bring ab o u t a m assive increase in th e  hardness o f the 
m ateria l. In  the case o f a  seal w ith  a co n stan t ‘F \  a  higher 
tem pera tu re  w as liable to  be generated  in the early  stages of 
running , resulting  in  rap id  hardening  giving a fa irly  su b s tan 
tial increase in resistance to  ‘F ’ w hich eventually  resu lted  in 
a d rop  o f tem pera tu re  and  a  settled-dow n running  cond ition  
(unless hardening  had  occurred  to  such an  ex ten t th a t 
m echanical dam age resulted).
d) H eat so ften ing . Because o f the m echanical dam age re su lt
ing from  excessive hardening  due to heat, m ateria ls h ad  been 
em ployed w hich softened  due to  heat an d  these w ould  give 
an inverted  cu rve as opposed to hea t harden ing , i.e. a fairly  
rap id  fall off in resistance to  ‘F* in the early  stages o f running. 
But this in  fac t was an undesirab le  situa tion  because it did 
no t p roduce  a  self-com pensating  cond ition . T his resulted  in 
the ra th e r d isappointing  p e rfo rm ance  o f m ateria ls such as 
V iton.
e) O il absorption and  plasticizer extraction . These tw o effects 
could be considered together because one w as a function  of 
the o ther. T hey  h ad  the sho rt term  influence o f softening in 
the early  stages, perhaps fo r tw o o r th ree w eeks, and  then a 
progressive harden ing  over several m on ths. A ssociated  w ith 
hardening  w ould  also be som e degree o f shrinkage, an d  in 
m any  cases it w as this fac to r w hich b rough t ab o u t lip c rack 
ing in the longer term  as opposed to  sim ple heat harden ing . 
Fig. 19 gave a general im pression o f the re la tionsh ip  o f these 
curves and m ade it obvious th a t in the h igher p ressure ap p li
cations it w as extrem ely  difficult to  establish a set o f operating  
conditions pu tting  ‘X ’ in the desirab le  position  on the loading 
re lative to  leakage curve.

V iewed all together, these experim ental results clearly  
explained w hy u nder low  pressure conditions w here ‘F ’ could 
be low  and  therefo re  the reaction  low  and  its loss o f little  
consequence, sa tisfactory  opera tion  w ould  be achieved in spite 
o f the varying factors. W hen attem pts w ere m ad e  to  use this 
fo rm  of seal a t h igher pressures, experim ents ind ica ted  th a t 
above 30 lb / in 2, under v irtua lly  no leakage conditions, there 
was a high incidence of failu res in the experim ents due in 
m ost cases to uncon tro lled  overheating  occurring  during  the 
early  stages o f opera tion . But having survived this by ca re 
fu lly  contro lling  ‘F ’, it w as also fo u n d  th a t even a fte r several 
m onths, a  fac to r such as a  change o f am bien t tem pera tu re  
could in itia te  the  onset o f a rap id  b reakdow n condition . If 
th is did no t occur, there  was the fu r th e r p rob lem  th a t p lasti
cizer ex traction  and  resu ltan t cracking w ould  eventually  lead 
to fa ilu re  a fter a period  usually  in excess o f a year.

F ig . 20 show ed the results o f an o th e r experim ent carried  
ou t to  establish the effects o f the m in im um  possible oil film 
w hich it was hoped  w ould  give im proved  conditions over dry 
running. In  an experim ent set u p  to give conditions w here 
ru bber w ould  run  d ry  on m etal at a settle-dow n tem pera tu re  
o f ab o u t 50°C  M r. W ilkinson said  th e  team  had  been surprised

F ig . 20
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to  observe th a t the addition  of traces o f oil h ad  resu lted  in 
an  increase o f ru nn ing  tem pera tu re  in  the o rd e r o f 40 o r 50°C  
w hich w ould  n o t recover, and  a subsequent add ition  of fu rth er 
sm all quan tities o f oil gave th e  surprising  effect o f a  stepped 
bu ild -up  in  tem pera tu re  w hich w ou ld  n o t recover un til an 
appreciab le  degree o f harden ing  in  th e  case o f N itrile  ru bber 
h ad  occurred . U n d oub ted ly  this phenom ena presen ted  a 
fu r th e r risk  o f unpred ic tab le  fa ilu re  w hen attem pting  to  use 
ru b b e r as a seal u n d er a v irtua lly  zero leakage condition .

T h is  experience explained, M r. W ilkinson, helped him  
and  his colleagues to  conclude th a t as ships increased  in size 
a  pressure barrie r w ould  be reached  above w hich lip  seals 
w ould  prove to  be unsatisfac to ry , an d  this justified th e  de
velopm ent o f a range o f very  large face  seals including 41 in 
d iam eter un its  on  oil, un its  w hich h a d  u p  to  the p resen t tim e 
been a t  sea fo r tw o years. A lso designs w ere a t the m om ent 
being p repared  fo r 58 in  d iam eter units fo r oil lub ricated  
bearings opera ting  a t 60 lb / in 2. E xperience in this field u p  to 
the present h ad  estab lished  th a t a 20 in seal a t 100 re v /m in  
could  be designed to  o pera te  sa tisfac to rily  a t pressures ten 
tim es h igher th an  those norm ally  encountered  in  such ap p lica
tions, thus ind icating  th e  greatly  im proved  safety  fa c to r m ade  
availab le  in  th e  case o f su rface  ships as opposed to  the lip 
seal w ith a m ax im um  pressure lim it no t exceeding 50 lb / in 2 
under sim ilar conditions.

T he  au th o r had  referred  to  the  problem s of d irt p en e tra 
tion  betw een the  sealing m em bers and  M r. W ilkinson em p h a
sised th a t w hen co rrectly  designed the face seal w ith its 
square  co n tac t edge w as n o t nearly  so susceptible to  d irt 
penetra tion  and dam age as the lip seal w ith its angled entry  
to  the position of con tac t. H e  and  his colleagues had  been able 
to  prove this po in t in the case o f seals a t sea on  bo th  oil and  
w ater.

T he  rad ia l design also offered th e  possibility o f consistent 
know n and  p red ic tab le  m ate ria l characteristics w hich in tu rn  
allow ed concise design c rite ria  to  be established once th e  p ro b 
lem s o f the opera ting  requ irem en t had  been com pletely  a n a 
lysed. A  fu ll investigation  o f the opera ting  conditions over 
a b road  rang e o f ships had  taken  them  over ten years and 
it w as only in the last tw o years th a t certa in  m ajo r aspects 
o f the p roblem  o f  applying face seals to  these conditions had  
been unravelled; b u t he  reg re tted  th a t there  w as u n d ers tan d 
ably insufficient tim e a t this m eeting  to  go in to  this w ork in 
d ep th .

In closing, he said th a t inevitably  fu lly  split face  seals 
w ould be considerab ly  m ore  expensive than  lip seals, bu t there  
w as little d oub t th a t the ir costs w ere m o re  than  justified b y  
their very m uch g reater m arg ins o f safety , p red ic tab le  p e r
fo rm ance  and  th e  ease w ith  w hich they  could  be serviced 
w ithout m oving the shaft.

M r . W . N . M c I l v e a n , A .M .I.M ar.E ., said  th a t the p ro b 
lems and lim itations o f w hite m eta l lined stern tubes p ro 
voked the q u estio n : “W hy have w hite m e ta l? ” A b o u t three 
years ago an investigation  had  been sta rted  to  find an  a lte rn a 
tive bearing m ateria l w ith th e  follow ing p roperties in m in d :

1) it should  be capab le  o f accepting high bearing  loads, 
and  so allow ing a reduc tion  in bearing  length;

2) it  should  be com patab le  w ith  w ater lub rica tion  to 
reduce seal fa ilu re  problem s;

3) the fric tional p roperties should  be better th an  w hite 
m eta l to  reduce  w ear caused  by fric tion  and  low 
revolutions;

4) it should  be no m ore  expensive and  if possib le cheaper 
th an  w hite m etal;

5) it should  be easy to  replace in the event o f bearing 
tro u b le  o r com plete  failure .

T h is investigation  had  led to  th e  choice o f a  resin  im 
p regnated  asbestos com position  produced  in cylindrical fo rm  
and  subsequently  pressed in to  th e  stern  tube, oil lub rica tion  
being supplied in the conven tional m anner. So fa r  th e  results 
had  been m o s t encourag ing ; in  fac t one ship converted  to  this 
type o f stern  tu b e  som e 2 |  years ago had  ru n  fo r  several

m on ths follow ing a seal fa ilu re , th e  stern  tu b e  lu b rican t d u r
ing the period  being p redom inan tly  w ater. On inspection, no 
dam age h ad  been ap p a ren t to  e ither sh a ft o r tube. T h e  L /D  
ra tio s  o f th e  p lastic line stern  tubes h ad  been reduced  fro m  
2-5 to  1-5 in  m ore  recen t conversions producing  an increase in  
nom inal bearing  pressure to  8 k g /c n r .

R eferring  to  stern  tu b e  seals M r. M cllvean  said  the 
objective w as to keep  th e  w ate r ou t and  th e  oil in. U n fo rtu n 
ately, a  seal d id  n o t ye t appear to  exist w hich could  do th is 
re liab ly  fo r  say, five years, and  th e  stern  seal still h ad  to  be 
overhau led  a fte r tw o years. H ow ever, the  techniques o f  lip  
seal bonding  developed by the seal m an u fac tu re rs  h ad  helped 
enorm ously  in th e  overhaul o f  stern  seals. T h e  m ain  problem s 
affecting th e  re liab ility  o f th e  seal appeared  to  be those  o f 
m a teria l selection fo r the seal elem ents and  liner. T h e  factors 
affecting the seal elem ents could  be assessed a s :

1) the tem p era tu re  a t w hich the seal opera ted , due to  the 
h ea t genera ted  by fric tion— on th e  test rig w hich w as 
ru n  in con junction  w ith  a sh ipyard , therm ocouples 
em bedded  in the seal lip  ind ica ted  tem pera tu res o f up  
to  140°C;

2) con tam inan ts in  th e  lub rica ting  oil, w hich could  be 
responsib le  fo r som e of th e  liner grooving problem s 
w hich occurred;

3) th e  d ifferential p ressu re  a t w hich th e  seal opera ted  
caused deflexion on th e  seal lip— as th e  differential 
pressure w as increased  the seal lip  cou ld  be fla ttened  
o u t against the  liner thus increasing the  a rea  o f co n 
tac t, resulting  in varia tions o f sealing efficiency.

T he  effects o f high tem p era tu re  and  oil on the various 
elastom ers, in  particu la r N itr ile  w ere w ell know n. T he ir 
tests exposing N itrile  ru b b er to  v arious oils a t d ifferent tem 
p era tu res fo r vary ing  periods of tim e h ad  revealed  a  w ealth  
of in fo rm ation . H ow ever the inev itab le  resu lt h ad  been th a t 
N itr ile  ru b b er tended  to harden  and  crack. I t  had  been sug
gested earlie r in  the m eeting  th a t V iton ru b b e r w hich w as a 
high tem p era tu re  elastom er, w ou ld  solve som e o f these p ro b 
lems. T h is could  be so, b u t could  the  au th o r ind ica te  any  
problem s w hich he had  h ad  w ith  th e  phenom ena o f “stick 
slip” w hen runn ing  V iton against a ch rom e steel surface?

M r . P. J. A d o l p h , M .f.M ar.E ., said he  w as particu larly  
in terested  in this p ap e r insom uch as his com pany  had  a  class 
o f very deep d rau g h t tankers fitted  w ith stern  tu b e  seals 
m an u fac tu red  by the a u th o r’s com pany . T hese  seals w ere o f 
th e  floating lip  type.

In itia lly  a num ber o f p rob lem s h ad  arisen  w ith  th e  stern 
tube  seals on these vessels b u t these p rob lem s did no t reflect 
on th e  seals them selves. T hese particu la r vessels originally  
h ad  only h ad  one header tank , and  the  p rob lem s arose bo th  
from  sea w ater con tam ina tion  o f th e  lub ricating  oil a t loaded  
d rau g h t and , in  one case, leakage o f lub rica ting  oil in to  the 
sea a t light d raugh t. T h e  difference in d rau g h t betw een loaded  
and  ballast cond ition  fo r these vessels w as norm ally  a p p ro x i
m ate ly  44 ft. D u ring  cargo discharge opera tions, ballasting  
w as carried  ou t concu rren tly  w ith th e  d ischarge o f th e  cargo, 
bu t even so it w as som etim es possible th a t th is 44 ft difference 
w ould  be exceeded fo r a sh o rt period. N evertheless this am ply 
illustrated  th e  prob lem  o f seal m an u fac tu re rs  and  th e  solu tion  
adop ted  on the vessels in question  h ad  been to  fit tw o header 
tanks a t su itab le  levels.

T he au th o r’s com m ents regard ing  cleanliness had  been 
extrem ely  pertinen t and  deserved strong  support.

M r. A dolph  said he w ould  like to  re ad  the com m ents 
on  a lub ricating  oil rep o rt on  a sam ple o f oil from  th e  stern 
tu b e  on one o f the tankers just re fe rred  to :  “T h e  oil as r e 
p resen ted  by  th e  sam ple fro m  th e  p o rt stern  tu b e  con tains 
15-7 per cent sa lt w ater an d  considerab le  am ounts o f rust 
flakes, sand  and  o ther abrasive m a te ria l.” T h is  h ad  been on 
a nearly  new  ship. It w as n o t surprising  th a t th is vessel had  
to  be d ry  docked shortly  afterw ards. T h is h ad  been p rio r to  
the fitting of tw o separa te  header tanks, and  hopefu lly  the 
p rob lem  of sea w ater co n tam ina tion  w as now  com pletely
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cured . H ow ever, this case am ply illu strated  the serious co n 
sequences o f inadequa te  cleaning of stern tube  lubrication  
system s, and  the a u th o r’s recom m endation  to  trea t these 
system s as one w ould  a hydraulic system was very pertinent.

O ne po in t w hich the au th o r had  no t touched  on was the 
use of fo rced  lubrication  fo r stern tubes. It w ould appear 
th a t the stage had  been reached on a num ber of vessels 
p resently  in service w here existing conventional m ethods for 
lubricating  stern tubes had  possibly reached their lim it. It 
w ould there fo re  appear th a t the em ergence of forced  lu b ri
cated  stern  tube  bearings was no t fa r off.

M r . A .  H i l l , B . S c ., M .I.M ar.E .. said tha t it was no t easy 
to  overload  a bearing, exam ples of w hich w ere show n in 
F igs 4 and  5, because usually the to tal load was know n fairly  
accurately . H ad m isalignm ent caused overload in a local area? 
It was E u ropean  practice  to  m ake stern tube bearings in one 
piece, the length being usually 2 to 2 \  tim es the d iam eter. M r. 
H ill though t it w as the practice of the au th o r’s com pany to 
m ake them  in tw o sections and to  th read  these in to  the stern 
tube. In doing so, it was a lm ost im possible to  get the bore in 
line. W hat lim it w as allow ed in putting  the tw o sections to 
gether?  O r had  this practice  now been abandoned?

T he  au th o r had  said th a t naval architects w ere ad voca t
ing a single bush. M r. H ill agreed with this choice because it 
offered p ractically  the only hope o f getting co rrect alignm ent 
o f the a ft bearing, v irtually  im possible w ith the conventional 
arrangem ent. T h e  only value of the fo rw ard  bearing was to  
assist in entering  the tail shaft; as a bearing it was redundan t. 
Indeed  it w as no t unusual to increase the clearance to  prevent 
it acting as a bearing.

M r. H ill w ent on to say tha t it was better still to  have a 
system  w hich allow ed alignm ent o f the bearing after the ship 
was in the w ater and  com pleted . It was possible to do this 
in som ething less than  tw o hours. Service experience on this 
equ ipm ent gave tem p era tu re  readings o f 38°C  a ft and  34°C  
fo rw ard . W hen the loads w ere changed round , as a check the 
readings w ere 37°C  and  35°C  respectively.

M r. Hill was in terested  in w hat was said regarding tilting 
pads. M r. K oons had  m entioned the use o f hydrostatic  forced 
oil lubrication . W as this fo r continuous load carry ing, o r was 
it a device used during starting , stopping or tu rn ing  gear o p e r
a tions? In any event, it in troduced  m ore com plication  and 
cost, and  risk o f fa ilu re , and  w as better avoided fo r as long 
as possible. H e did not know  of any bearing equipm ent w hich 
needed this a t th e  p resent tim e. T he  pum ping losses w ould be 
very high, and  this had  to  be considered.

A risk a ttendan t on pivoted pads was th a t o f pivot 
fatigue, o r fre tting  under conditions of v ibration . H e w on
dered if the a u th o r’s experience had show n any sign of this, 
l t  w ould no t occur with norm al stern conditions, bu t it could 
under conditions of heavy v ibrations. A bou t fifteen years ago 
there  w ere several cases of severe fretting  o f the  pivots on aft 
p lum m er bearings. T he  p ivoted  pads w ere rem oved and  re 
placed by plain bearings a fte r w hich there w as no m ore 
trouble.

D uring the last five years it had  seem ed to  M r. H ill th a t 
seals w ere fa r  m ore prone to  fa ilu re  than  bearings. D id  the 
au th o r agree? T he  problem s o f a ft and fo rw ard  seals, and the 
pressures they had  to  carry , had  been m entioned. T he  a ft seal 
was generally  in balance, ap a rt from  changes in ship loading 
conditions, and  these could  be m et by having tw o header 
tanks. T he  fo rw ard  seal carried  full oil pressure, bu t p robably  
had  better conditions fo r cleanliness. W hich seal had the 
g reater incidence of failure?

T h e  au th o r m entioned  the use o f h ard  surface coatings 
and  their value on fo rw ard  seal liners. W ould  he sta te  w hat 
type o f coating  was used and  how  it was applied? W as it 
m etallic o r ceram ic?

M r . C. W . H e r b e r t ,  M . I . M a r . E . ,  s a i d  t h a t  t h e  m a i n  
p r o b l e m  a p p e a r e d  t o  b e  t h a t  m a n y  c o n v e n t i o n a l  a r r a n g e m e n t s  
o f  s t e r n  g e a r  m a d e  it  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  t o  p r e d i c t

w ith certa in ty  th a t all the  essential ingredients fo r success 
w ould be present in the final installa tion .

R egard ing  the bearing, the dynam ic bending m om ents to 
w hich a sh a ft was subjected could  increase o r decrease the 
static  bending m om ent according to  the p articu la r service 
conditions applied. So, to  get the best alignm ent o f the b ea r
ing it was vital to  ensure th a t th e  m ain  line of deflexion w as 
chosen at the beginning w ith abso lu te  precision. If  this w as 
done in  design, th e  shorter th e  stern bearing , th e  g rea ter its 
capacity  to  accom m odate angu lar deflexions of the shaft and  
still re ta in  good load d is tribu tion . I t seem ed sensible to  use 
the m axim um  diam eter tail sh a ft th a t could  be conveniently  
accom m odated  in the stern bushing in  con junction  w ith a 
short bearing both to  reduce shaft deflexion along the bearing  
length and  to optim ize the bearing  p ropo rtions.

Perhaps one inhibiting  fac to r w as th a t the d iam eter w as 
chosen by the classification rules fo r streng th , and it was very 
difficult to persuade a  sh ipbuilder to  add half an inch to  this 
in the interests of reliability , considering it from  the bearing 
point o f view.

As fo r seals, th e  a u th o r’s com pany, as well as o thers, had  
appreciated  the shortcom ings o f w hat had  been standard  fo r 
m any years, particu larly  in th e  ra te  o f seal fa ilu re . In the 
th ree ships o f G lacier H e rb e rt design a fter 10 000 hours ru n 
ning there did no t appear to  be any d isadvan tage  in rem oving 
the floating bush. T his w as done to e lim inate  it as a heat 
source, w hich he believed had  been one cause o f problem s on 
o u tb o a rd  seals. A t th e  sam e tim e, arrangem ents had  been 
m ade for full oil lubrication  w ithin the seal space, and it had 
been possible to  check th a t there had  been no undue tem pera
tu re  rise in the area .

M arine  engineers had  to  strive fo r perfection . T he  
thought being applied to seal and bearing developm ent at the 
present tim e should take  the profession  som e considerable 
w ay along this ro ad . But one had  also to  apprecia te  the 
enorm ous consequential losses w hich w ere associated  w ith 
failure , so it w as logical to  try  to  design a system  w hich 
allow ed the best elem ents availab le  a t any g iven tim e to  be 
com bined in such a m anner as to  p rom ote  the full servicing 
and  inspection of these w ith the ship afloat.

M r. H e rb e rt’s firm had  done this on fou r ships w ith 
com plete success m aking it possible to  check the lay o f the 
shaft w ith precision before  tria ls and  to  m ake full service 
inspections w ith the ship afloat and  loaded, w ith the sam e 
facility  as one inspected bo ttom  end bearings.

M r . G . C r o m b i e , A .M .I.M ar.E ., said th a t in his opinion 
a basic m istake had  been m ade in designing oil lub ricated  w hite 
m etal stern bearings on the sam e princip les as sea w ater 
lub ricated  lignum  vitae bearings, i.e. using a stern tube. T he 
problem s o f the inaccessibility  o f bearing and ta il shaft re 
m ained, and  their inspection or survey required  the rem oval 
o f the p ropeller, tail shaft and som e in term ed ia te  shafting  and. 
add itionally  fo r con tro llab le  pitch propeller installations, the 
rudder and  the m uff coupling. F u rth e rm o re , it was difficult, if 
n o t im possible, to  achieve con tac t betw een the tail shaft and 
the bearings over the com plete length of the  stern tube , and 
thus overloading o f som e parts o f the stern tu b e  bearings was 
unavoidable.

Split stern bearings said M r. C rom bie, o f the type de
signed by his com pany enabled  the bearing and  tail shaft to 
be exam ined and  th e  o u tb o a rd  seal w ear to  be m easured  w ith 
the vessel afloat and at loaded d rau g h t w ithou t rem oving 
e ither the propeller o r the shafting . T h is w ork could  be 
carried  ou t in six hours. T he  stern tube  w as elim inated , and 
the stern  bearing had  a L /D  of 2 0 and  there was no forw ard  
stern  tu b e  bearing, a  p ium m er block being fitted a ft o f the 
tail shaft fo rw ard  flange. T h e  au th o r him self had  advocated  a 
sim ilar design in the paper. T h ree  such bearings said M r. 
C rom bie, had  com pleted  m ore than  six years to ta l service tim e 
and given troub le-free  opera tion .

W ith regard  to  a lignm ent p rob lem s m entioned  by the 
au tho r, it was considered th a t the single stern bearing w ould
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enable  better a lignm ent to  be achieved than  was possible 
w ith  a  stern tube  w ith  tw o bearings. H ow ever, an im proved  
design h ad  been produced , in w hich the com plete stern b ea r
ing assem bly could  be angled to achieve fu ll con tac t w ith  the 
ta il sh a ft over the length o f the bearing . T h is opera tion  could 
be carried  ou t w ith th e  vessel afloat and  a t a d raugh t rep re 
sen tative of the m ost frequen t opera ting  condition . T he  highly 
loaded  areas a t the fo rw ard  and  a f t ends of the stern  tube 
w ere thus elim inated.

Som e o ther advantages o f split stern bearings said M r. 
C rom bie  w ere:

a) tail shafts could  be flanged a t both  ends— therefo re  
both fixed bladed and  c.p. propellers could be flange 
m ounted, and  the troub lesom e keyw ay elim inated;

b) the fo rw ard  m uff coupling w as elim inated;
c) flange m oun ted , fixed b laded propellers w ere lighter 

and  cheaper than  sim ilar taper m oun ted  propellers;
d) flange m oun ted  propellers could  be rep laced  w ithout 

rem oving th e  ta il shaft;
e) tail sh a ft bending m om ents w ere reduced  by v irtue  o f 

th e  ligh ter propeller.

T h e  th ree  split stern  bearings in opera tion  w ere fitted w ith 
rad ia l face type seals, as m en tioned  earlier by M r. W ilkinson, 
the o u tb o a rd  seal being 1070 m m  (42 in) d iam eter, w ith a 
sliding speed of 7'$ m /sec a t  service speed. T h e  in b o ard  seal 
w as o f sm aller d iam eter and  the seal face tem pera tu res during 
opera tion  w ere abou t 47°C  fo r the o u tb o a rd  seal and  110°C 
fo r the inboard  seal. I t w ould  be in teresting  to  com pare  this 
d iam eter, speed and  operating  tem p era tu re  w ith sim ilar figures 
fo r the high tem p era tu re  e lastom ers fo r the lip type seals 
m entioned by the au tho r.

C ould  the au th o r give som e details ab o u t the m etal alloy 
fo r e lim inating grooving of the seal liner w hen using lip  seals?

T he  sta tem en t th a t the use o f a h a rd  surface coating  had  
n o t proved sa tisfac to ry  on th e  ou tb o ard  seal liner was m ost 
im p o rtan t. T he  grooving  o f the liner, w hich w ould  occur when 
using lip seals, w ould  necessita te d ry  docking the vessel and, 
unless a  fu lly  split seal w as fitted , the propeller and  tail shaft 
had  to  be rem oved  to  rep lace  the  seal liner. T h e  split stern 
bearings already  m en tioned , a lthough  no t subject to  grooving 
of the liner, since rad ia l face seals w ere used, w ere fitted w ith 
seals in which every com ponen t was split. T he  ou tb o ard  seal 
w ear could be m easured  from  inside the vessel w hile afloat 
and  it was possible th e re fo re  to  m inim ize the risk o f failure , 
since this m easurem en t cou ld  be carried  ou t regularly .

T he  au th o r also m en tioned  th a t an extension o f th e  tim e 
betw een surveys w as desirab le  to  ow ners besides w hich it was 
also im p o rtan t to  reduce the  tim e and  lab o u r requ ired  a t each 
survey. W hen a split stern  bearing w as fitted, there  w as no 
need to  rem ove either th e  propeller or the shafting  a t tim e 
o f survey, since th e  bearing and  tail shaft cou ld  be exam ined 
by rem oving the bearing cap , and  the propeller m ounting  
bolts could  be w ithdraw n  one a t a  tim e fo r exam ination . 
T here  was no propeller keyw ay o r ta il shaft tap e r and  th ere 
fore there  was no need to  rem ove the propeller.

M r . J . C . H o d g e , A .M .I.M ar.E ., supported  M r. 
M cllv ean ’s views on finding a new  type o f m ateria l w hich 
w ould  alleviate m any o f the prob lem s encoun tered  w ith co n 
ven tional w hite m eta l stern  bearings.

M r. H o d g e’s com pany  h ad  been p roducing  and  developing 
w ater lub rica ted  stern  bearings fo r the past fou rteen  years 
fo r bo th  m erch an t and  naval ships. T he  nava l side o f  the 
business w as still very  strong  bu t asbestos phenolic  com pounds 
w ere too  expensive an d  insufficiently superio r technically  to 
com pete  w ith lignum  vitae. R ap id  w ear-dow n o ften  occurred  
due to suspended sand and  silt in  estuaria l w aters.

T h e  question  w as asked by an  earlier speaker: W hy not 
use this m ateria l in  an  oil filled stern  tube?  T heo re tica l ca lcu 
lations show ed th a t above ab o u t 20 to  30 re v /m in  a typical 
m erchan t ship stern  bearing  w ould  opera te  hydrodynam ically

on  a m ineral oil S .A .E . 30. T h e  p rob lem  it w as th o u g h t m ight 
lie in the inab ility  o f the re in fo rced  p lastic  m ateria l to  transfer 
the fric tional h ea t genera ted  u n d er b o u n d ary  lub rica tion  
conditions, resulting  in serious overheating  of the bearing.

Sm all-scale rig tests w ere m ade  bu t they w ere o f little 
use fo r a  com parision  w ith a  large tan k er stern  bearing.

F o rtu n a te ly , said M r. H odge, in  1966 an  A m erican 
opera to r asked his com pany  to  design an d  p roduce  a re in 
fo rced  plastic stern bearing  fo r a  50 000 ton  oil tanker.

T his h ad  been done an d  the sea trials w ere m ost success
fu l. T h e  h ighest oil tem p era tu re  reco rd ed  u nder any  cond ition  
h ad  been no m ore th an  15°C above seaw ater tem pera tu re . 
N o ad d itiona l oil cooling h ad  been necessary  o ther th an  the 
usual p recau tion  o f  sailing w ith the a f t peak  tan k  flooded.

T h ere  h ad  been certa in  p rob lem s during  th e  first tr ip  
from  A frica to  the U .S .A . w hen the a f t  seal fa iled  seriously 
and  the chief engineer pum ped  seaw ater th rough  the bearing 
a fte r loosing all his oil.

Inspection  h ad  revealed  th a t the bearings an d  shaft were 
still in perfec t cond ition  and  a fte r ad ju s tm en t to  the seal the 
system  was refilled w ith oil and  the ship sailed  on  again .

T h ere  w ere now  th ree  sm all tankers ow ned  by M r. 
M cllv ean ’s com pany  fitted  w ith th is type o f bearing , tw o of 
w hich had  h a d  som ew hat chequered  careers. O ne h ad  suffered 
from  early  seal fa ilu re  w hen once again  the bearing  had  
proved  its ab ility  to  ru n  safely  on  seaw ater fo r ab o u t seven to 
ten  days w ithou t the slightest sign o f  w ear o r dam age to  the 
shaft o r bearing m ateria l.

On an o th e r occasion a th in  steel w ire  h ad  cu t th rough  
the a ft seal an d  w rapped  itself a ro u n d  the end o f  the ta ilshaft 
like a clock spring. A gain the bearing  and  sh a ft w ere found  
to  be in excellent condition . T his sam e sh ip  w as also  m ined 
by the V ietcong in the F a r  E ast an d  h ad  undergone  serious 
hull repairs in  S ingapore.

T h e  second tanker had  suffered serious dam age to  one o f 
her fo u r p ropeller b lades w hich necessita ted  h a lf  cropping 
the opposite  b lade  fo r balance. T h ere  w as no spare  p ropeller 
availab le  so the ship h ad  to  sail in th is cond ition  fo r over 
th ree  m onths. V ib ra tion  w as qu ite  severe, b u t again  the 
resilient n a tu re  o f the re in fo rced  plastic bearing  m ateria l 
ab so rbed  the shocks an d  no dam age w as rep o rted .

W ould  a  w hite m etal bearing  h ave  w ithstood  such 
adverse conditions w ithout show ing signs o f stress?

In  the near fu tu re  this type o f bearing  w ould  be fitted 
to  the largest class o f vessel under construc tion  today . T he 
advan tages of such a  bearing  w ere:

i) it w as capab le  o f  opera ting  in oil o r seaw ater under 
em ergency conditions;

ii) a  choice o f  dockyard  w as allow ed  because under 
such an  em ergency the  ship could  proceed  norm ally  
fo r a  sufficient period  of tim e w ith o u t dam aging 
th e  sh a ft o r bearing;

iii) the bearing  m a te ria l w as p o ro u s  to  oil an d  w ater and  
w ould  th ere fo re  op e ra te  m uch  b e tte r u nder start, 
s top  a n d  b o undary  cond itions th a n  w ould  a  w hite 
m etal bearing;

iv) it w as resilient and  w ould  no t flow u nder shock 
loading conditions;

v) m isalignm ent should  be less o f a  p rob lem  th an  w ith 
a m etallic  bearing;

vi) the m a teria l w as re latively  so ft so th a t foreign 
partic les w ere abso rbed  an d  sank  below  th e  surface;

vii) the m a te ria l co u ld n ’t seize on to  the shaft in  the same 
m anner as a  m etal to  m eta l system .

T h e  m ateria l p erm itted  sm aller L /D  ra tio s to  be used
e.g. 1-5/1 w as em ployed on tw o ships now  in service. Safety  
steps fo rw ard , a lthough  n o t no rm ally  em ployed, b rough t 
the L /D  ra tio  u p  to  2-5 /1 .

M r . D . W . R . P r ic e  said  th a t he w as rem inded  of a 
rem ark  by a public  speaker w hen asked  to  give a definition 
o f the w ord  “ statistics” . H e  s a id : “S tatistics a re  a b it like a
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bikini. W h a t is revealed  is m ost interesting; w hat is concealed  
is v ita l.” T he  paper sta ted  th a t som e m anufac tu re rs  o f  lip 
type seals w ere offering elastom ers w ith better therm al and  
m echanical characteristics, and  th a t to  date  there w ere ab o u t

30 ships equipped w ith high tem p era tu re  e lastom ers, and  
th a t the results o f this experience h a d  been q u ite  encourag ing . 
M r. Price asked th e  au th o r w hich e lastom ers gave th is p e r
form ance, and  w hich ships w ere being re fe rred  to .

Correspondence

M r. C . A . S inclair , M .I.M ar.E ., said  th a t developm ent 
o f  large d iam eter sh a ft seals h ad  con tribu ted  d ram atica lly  to 
the in dustry ’s ab ility  to  tran sm it larger pow ers in  m achinery  
a f t in stalla tions. H ow ever, it w as n o t surprising th a t som e 
failures resu lted  in any  m ajo r developm ent an d  it w as noted  
th a t this p ap er dealt in  p a rticu la r w ith failures. In  m achinery  
a f t in sta lla tions w ith w ater lub rica ted  lignum  vitae  bearings 
it was frequen tly  found  th a t w hen once the w ear exceeded 
3} m m  d ram atic  w ear ra tes  w ere encountered  an d  frequently  
vessels w ere detained  shortly  a fte r drydockings and  refittings 
in  o rder to  effect necessary repairs.

T h ere  w ere m any  discussions an d  argum ents in Jap an  in 
connexion  w ith the clearances necessary in  w hite m etal b ear
ings and  as fa r  he  rem em bered  the m ak e r’s recom m endation  
w as 1 |  thou , per inch  o f d iam eter w here the local surveyors 
w ere o f th e  opin ion  th a t 1J thou , w as p referab le . I t  w ould  
seem  th a t som e o f  the early  failu res could have been avoided  
had  it  been possible to  reduce tem pera tu re  rises in  the early  
period  of the bearings’ o p era tion  and  it seem ed th a t tria ls w ith 
sister vessels ind ica ted  a t  least 5° low er tem pera tu re  a t th e  
a fte r bushes w here larger c learances w ere used. I t  w ould  be 
interesting to  know  w hat the m ak er’s p resent recom m endation  
w as and  w hat the com parative  service results have been w ith 
different clearances. M r. Sinclair unders tood  th a t th e  m ak er’s 
early  objections to  the  larger clearances w ere th a t they  w ould 
upset the seal. In  this respect face seals seem ed to  have som e 
advantage.

W ith regard  the local bonding defects it had  been no ted  
th a t on occasions the loose m etal had  been rem oved and  the 
edge w ashed aw ay. C ou ld  th e  au th o r testify  to  the subsequent 
sa tisfactory  w orking of such bushes o r was this alw ays 
regarded  only  as the tem porary  expedient. I t  w ould  be 
interesting to  know  w hether any  in situ  patch ing  o f w hite 
m etal h ad  been fo u n d  possible.

W ith regard  to  the fitting o f the bushes in to  the stern  
tube M r. S inclair recalled  th a t th e  use o f m olysulphide grease 
had  been tried  b u t the con tam ination  in the system caused by 
this was found  to  be detrim ental. C ould  the au th o r sta te  w hat 
was their p resen t practice?

T urn ing  to  th e  seals, he  said  there was little  m ention  in 
the paper o f the rad ia l cracking frequently  encoun tered  in  
seal failu res an d  he unders tood  th a t each seal w as now  m ade 
o f tw o grades of rubber, the co n tac t section being o f specially 
developed high tem pera tu re  ru b b er. W as this in  fac t w hat 
had  been done and  had  there been any  cases o f rad ia l cracks 
since this developm ent?

T he  au th o r h ad  sta ted  th a t developm ent o f suitable m etals 
had  m ade it possible to  avoid  ridging on the sleeves in  w ay 
o f  rubb ing  area; how ever, it seem ed to M r. Sinclair th a t 
ridging still frequen tly  occurred . W ould  the au th o r agree th a t 
any  ridging w as highly undesirab le  because of possible axial 
m ovem ent in th e  shafting  w ith consequent leakage? It had  
been said th a t eccentricity  o f the sleeve by even as m uch  as 
0-5 m m  w as sufficient to  cause considerable difficulty w ith 
these shaft seals. I t  w ould be in teresting  therefo re  to  know  
how  accura te  cen tring  was accom plished.

T he  paper sta ted  th a t a  circu lating  p um p  w as used fo r 
cooling the fo rw ard  seal. Som etim es a special tan k  w as 
a rranged  fo r m ain ta in ing  th e  cavity  betw een the second an d  
th ird  seal rings a t the a fte r end  fu ll o f oil. T w o tanks w ere 
being used— one fo r ballast an d  an o th e r fo r loaded co n d i
tion or a t tim es an  au tom atic  pressure arrangem en t was 
installed. A ll this added  up  to a degree of com plication  and

in view o f the high cost o f d rydocking  fo r em ergency repairs 
it  w as felt th a t sim plicity should  be the m ain  objective. In 
any  event it was clear th a t the crew  should  be given full 
operating  instructions w ritten  in  their m o th er tongue if 
accidents w ere to  be avoided.

In  connexion w ith th e  need fo r d rydock ing  it  w as u n d e r
stood  th a t o ther fo rm s o f seal h a d  been developed w hich 
could  be split, thus avoiding the need fo r p ropeller rem oval 
and  possible drydocking. H ad  the a u th o r’s com pany  any  new  
developm ents in this connexion? F inally  w ould the au th o r 
sta te  it as absolutely  necessary to  renew  the seals a t the 
tim e o f shaft inspection (usually  fo u r years)?

F ig . 21— Seized  w hite  m eta l bush o f  stern tube

F ig . 22— U pper part o f  the a ft  (w hite m eta l) bush fo u n d  
seized  a fter sea trials
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Correspondence

M r. G . C . V o l c y , M .I.M ar.E ., w ro te  th a t the fa ilu re  o f 
ta il sh a ft bearings was causing g rea t p rob lem s fo r shipow ners, 
o ften  due to  the im possibility  o f  being ab le  to  d rydock  a t 
sh o rt notice. F o r  this reason  the  re liab ility  o f  stern  gear was 
o f the u tm o st im portance.

N um erous exam ples h ad  been show n in  the figures o f the 
paper, o f failed stern bushes. M r. V olcy agreed w ith the 
au th o r tha t these failures w ere a ttr ib u tab le  no t only  to d irt 
in  the oil, bu t also to  problem s of a lignm ent— in p articu lar 
to  stra igh t alignm ent and  unp red ic tab le  m isalignm ent o f the 
shafting . F ro m  his association  w ith  B ureau  V eritas M r. V olcy 
had  encountered  analogous cases an d  tw o exam ples w ere 
show n in Figs. 21 an d  22.

These failures, w hich w ere very  sim ilar to  those show n 
in the paper, w ere due to  the  no n -ra tio n a l a lignm ent o f the 
shafting, w hich h ad  been lined u p  in  th e  n o rm al w ay. Figs.
23 and  24 show ed the resu lts o f sh a ft a lignm en t calculations, 
and  the values o f reac tions o f sh a ft bearings. T h e re  w as a 
negative reac tion  in  w ay o f the fo rw ard  stern  tube  bush, an d

hence th ere  w ould  be a  loss o f  co n tac t betw een th e  low er h a lf 
of the bush and  the ta ilshaft. T h is loss o f con tac t induced a 
low ering o f the n a tu ra l frequency  o f  w hirling  v ib ra tio n  as 
show n in  F ig . 25.

D ue to  the dynam ic increase o f  th e  excita tion  forces 
a ttrib u tab le  to  the p ropeller, a  w hipping ac tion  occurred  
causing dam age to  th e  a f t  w hite m etal bush as show n in 
Figs. 21 and  22. Such dam age could  be avo ided  in  a very 
sim ple m anner by adopting  a logical curved  alignm ent o f the 
shafting .

M r. V olcy ag reed  w ith  th e  au th o r  on  the question  o f the 
length  o f  the a f t  bush o f  th e  stern  tube . In  his experience, 
too  g reat a length o f this bush w as no t on ly  expensive and  
difficult to  m o u n t an d  d raw , b u t it d e trac ted  from  the satis
fac to ry  opera tio n  o f th e  p ropu lsion  system . E xperience had  
led B ureau V eritas to  reduce  the length  o f  the a f t  bush to  
L / D = 2  in  the  case o f a  sh a ft system  w hich w as aligned 
according to  th e  curved  alignm en t m ethod . H e also agreed 
th a t th is length  could be reduced  a little  fu rther, bu t it w ould
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Stern Bearings and Seal Failures
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F ig . 25— E ffect o f  cond itions o f  liasion betw een the tail sha ft 
and its fo rw ard  bush on the dynam ic  co m p o rtm en t o f  the 
line sha fting

be p ruden t to  bear in m ind the fo llow ing precau tions.
First, as illustrated  in Fig. 3 the co rrec t dynam ic lu b rica 

tion had been disturbed, the oil film b roken  and  th e  w hite m etal 
destroyed. In  such a  cond ition  the  rem a in d e r o f  the bearing 
length had  to be sufficient to  ensure th a t the ta il sh a ft jou rna l 
w ould still be supported  by an  efficient bearing  surface  
despite the loss o f the d istu rbed  m etal. O f course th e  unit 
pressure on  the w hite m etal w as h igher and  heating  was 
provoked, and  in the case o f a bush w hich w as too  short 
the w hite m etal could  m elt o u t and  endanger th e  ta il shaft 
itself.

Secondly, p rudence  w as requ ired  because o f the couples 
and  forces generated  by th e  p ropeller in  its w ork ing  in  the 
w ake field. D uring  lining-up these fo rces did n o t appear; on 
the o ther hand  a t full pow er they  w ere p roducing  forces on 
the ta il shaft w hich w ere bending it in such a w ay  as to  fo rce  
it into con tac t w ith the a f t bush  so th a t a  longer length  w as in 
con tac t than  during the alignm ent. F o r  this reason , the 
bush should be o f sufficient length to  ensure th a t the co rrect 
hydro-dynam ic lubrication  conditions w ere no t d istu rbed .

M ore details concerning the question  o f  ra tio n a l a lign 
m ent o f the tail shaft could  be fo u n d  in the paper, “F orced  
V ibrations o f the H ull and  R a tio n a l A lignm ent o f the T ail 
S h a ft” .1

H e cam e to  the conclusion th a t th e  presence o f the stern 
tube  did no t p resent any  advan tage; on th e  co n tra ry  it led to 
difficulties an d  he w ou ld  go as fa r  as to  say th a t the 
presence of th e  stern  tu b e  could  be considered  as a source 
o f add itional troub les fo r the stern  gear. I t  w as advisab le  to  
om it it or shorten its length to the length  o f th e  a ft bush. T his 
shortening was a function  o f  the accessib lity  o f the shaft 
sealing devices. O m ission o f the stern  tube  w as m ostly  
recom m ended fo r big tankers, bu lk  carriers o r co n ta in er ships.

1. Volcy, G. C., 1967, Nouveautes Techniques Maritime.

Author’s Reply
M r. K oons said he was interested to  learn o f  new bearing 

m aterials. His com pany had  concentrated their efforts on white 
metals, since they believed these had proven to  be quite successful 
for stern tube bearing applications. They had carefully studied 
the effects o f additional alloying elem ents and agreed with 
M r. Rose tha t their advantages were small and  their use involved 
greater risks during the m anufacturing process.

The stress relieving operation  o f  the babbitting process was 
im portant fo r producing good quality bearings. Slow cooling 
(in air) w ould lead to  weak bonds and fast cooling w ithout 
stress relieving to  internal stresses and  possible bond failure. 
Some fast cooling tem perature limits had been established and 
w hen these were reached fast cooling was discontinued and  the 
bearing allowed to  cool slowly to  am bient. These limits w ould 
vary with the white m etal alloy, since they were largely dependent 
on the white metal reaching a solid state. Since fast cooling 
always progressed from  the ou ter diam eter inw ards tow ards the 
m olten white m etal, it had  been found th a t precooling was 
required before white metal pouring on thick walled bearings. 
This technique w ould help to  reduce segregation o f  the alloying 
elem ents and  present a m ore uniform  white metal casting. Shells 
exceeding four inches in wall thickness w ould require precooling.

It was obvious that a good bond could only be produced 
with a well cleaned and  tinned shell. Some shell contam inants 
were difficult to rem ove however and  special processing was 
necessary to secure good tinning.

T o secure a good white metal casting, the tem peratures o f 
the tinned shell and  m olten white m etal were im portan t as well 
as fast cooling and  stress relieving. The proper com binations o f 
tem peratures and  cooling cycles w ould produce optim um  results.

M r. K o o n 's  com pany had had lim ited experiences with

white metal spraying. The au th o r him self did no t believe tha t 
this m ethod was as good as the m olten metal technique because 
a  dense hom ogenious metal could no t be produced and  a metal 
w ith a low er unit bearing capacity  w ould result.

Replying to  Mr. Bunyan, bearing to  jo u rn a l clearances o f 
1 -5 m m  on large tail shafts were no t uncom m on o r excessive. 
In  fact, som e classification societies preferred larger clearances. 
In general, w ith well-balanced wheel and shaft system s and  stiff 
tailshafts, excessive pounding vibration  had  rarely  been seen. 
Severe pounding o f the tail shaft in the bearing a t speeds lower 
than 100 rev/m in had  been experienced w hen the system was 
dynam ically unbalanced, and  the m agnitude o f  the v ibration 
was am plified by the resonance reaction o f  the hull a t certain 
speeds. O f course, said Mr. K oons, this severe pounding was 
abnorm al and  called fo r p rom pt corrective action.

The au th o r had no t experienced m arking a t the top  o f the 
stern bearing referred to  by M r. Bunyan bu t he suspected tha t 
this pattern  was traceable to  the num ber o f  blades in the wheel 
and  the pressure points o f  the ru dder ho rn  while the shaft was 
tu rn ing  a t norm al cruising speed. I t could  also be m ore severe 
while operating  in a ballast condition  and  solid w ater was not 
available to  all blades.

The param eters used by Mr. M cllvean’s com pany, said 
the au thor, were m ost adm irable and  utopian . The com pany 
were to  be congratu lated  for their advanced th inking and  their 
willingness to  pioneer.

A lthough a seal w ith an extended overhaul cycle o f  five 
years did no t appear to  be currently  available, there were reports 
o f results approaching  this, involving little if any operational 
m aintenance. A nd w ith the use o f im proved elastom ers and  wear 
p art coatings, such a goal fo r all applications w ould becom e a
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reality in the near future. The replacem ent o f  seal elem ents on a 
shorter term  basis had no t to be confused with true seal failures. 
M any replacem ents were m ade as a  convenience during periods 
o f  drydocking for o ther hull w ork and  were considered to  assure 
the integrity o f  the seals and an extended life. Such practice 
undoubtedly  w ould be continued regardless o f satisfactory 
perform ance o f  im proved elements.

Fluroelastom ers applied to  lip seals prom ised extended 
periods o f perform ance. The characteristic “ stick-slip” frequency 
was som ewhat lower than  tha t found  in conventional N itrile lip 
seals. This dynam ic response did no t appear to  be harm ful until 
operating  tem peratures well below the freezing point were 
encountered. At these low tem peratures, the response was so 
slow that leakage could possibly occur. This effect w ould no t 
a lte r m uch by a change o f  the rid ing surface m aterial to  one 
w ith the same degree o f sm oothness.

Replying to  Mr. A dolph the au th o r said it was obvious 
that the total application  o f seals and  bearings had to  be carefully 
studied and  developed so tha t the lim its o f  satisfactory perfor
mance were no t exceeded. Designs were available, which, when 
applied to  the largest o f vessels now in service o r contem plated, 
w ould give satisfactory perform ances.

Force feed o r hydrostatic bearings had a definite place in 
stern tube m anufacture. W ith ever-increasing shaft loadings and 
shaft diam eters, and  with a ttendan t m isalignm ent caused by hull 
displacem ents, com pensating m eans were required. H ydrostatic  
lift was desirable for these high loads and might becom e m an
d a to ry  fo r very low speeds particularly  under tu rn ing  gear 
operation .

In reply to  Mr. Hill, Mr. K oons said that in his own com 
pany the aft bushes were currently  being made in tw o pieces and  
carefully babbitted  and dow led together to  form  one full length 
a ft bearing as Mr. Hill had described. The axial centrelines o f 
the tw o aft bushes coincided w ith a m axim um  allow able variance 
o f  0 003 in. There was no difficulty in installing the tw o aft 
bushes since the stern tube was finish bored for both  bushes at 
one m achine setting, thus producing a true centreline fo r the 
bushes. Each o f the tw o bushes were m achined on the o.d. and 
referenced from  the finished bore by the installing yard. There 
had  been no difficulties encountered  w ith this system  in erection 
o r  opera tion ; in fact, yards frequently com m ented on the greater 
ease o f  installation o f  the tw o short bushes over the long one.

Lip seal failures were m ore likely to  occur on  the inboard  or 
forw ard seal than  on the ou tboard  seal, in general fo r the reasons 
cited by M r. Hill. O f course, inspection and  replacem ent o f the 
form er was much sim pler th an  o f  the latter. In  the case o f the 
ceram ic coatings on the inboard  seal, a  m arked reduction  in 
frictional heat generation w as recorded since the coefficient o f 
friction was lower. This gave a cooler seal and  lengthened the 
life o f the elastom ers.

M r. C rom bie’s description o f  a bearing system em ploying 
face seals was a departure  from  the widely accepted design 
developed for rigid full bearings, all the m ore striking since his 
design could only be incorporated  on new construction  with 
reasonable costs. The advantages listed by M r. C rom bie o f such 
a  system were accurate provided all o ther factors were optim ized 
an d  there was a  freedom  o f  design n o t norm ally accepted.

The au th o r said he was interested to  hear abou t perform ance 
tem peratures on a  1070 mm aft face seal system but com parable 
d a ta  was no t available fo r lip seal installations o f  this size. 
It was obvious th a t tem peratures on the sm aller inboard  seal 
w ould m aterially reduce the life expectancy o f a N itrile lip seal.

The alloy em ployed for aft liners had to be selected to  be 
com patib le  w ith the specific e lastom er com pounded and  with

the operational environm ent. C onsiderable research was required  
to  balance the metal alloy with the elastom er in o rder to  reduce 
the tendency o f grooving to  a m inim um .

Mr. Price’s inquiry referred to the use o f  elastom ers w ith 
better therm al and m echanical characteristics than  those found 
in conventional N itriles. A t least tw o m anufacturers o f  lip type 
stern tube seals were offering fluoroelastom ers. T heir principal 
advantage was better heat stability, a fac to r which w ould 
substantially  reduce deterio ration  a t the lip contact. In  m ost 
cases, this elastom er was used on seal sizes o f 800 mm and  larger, 
o r on systems where the propeller shaft speed caused excessive 
frictional heat.

R egarding the jou rna l to  bearing bore clearances referred 
to  by M r. Sinclair, Mr. K oons said it had been the general 
practice to  decrease the unit allow ance as the jou rna l d iam eter 
was increased. C learances o f  0 0018 in per inch o f d iam eter for 
sm all jou rnals from  14 in to  24 in, and  0 0013 in per inch for 
diam eters from  26 in to  40 in were no t uncom m on. There had 
been no o ther reports on tem perature  reductions w ith larger 
in ternal clearances.

The rem oval o f loose babb itt and  w ashing aw ay a t the edge 
had been perm itted  only as a tem porary  m easure to  reduce the 
possibilities o f lube oil con tam ination  w ith loose babbitt. 
Patching o f  the w hite m etal could be done provided the bushing 
was in the stern tube. In  som e cases, patch ing  was im possible 
due to  the location o f  the defective area, and  the bush had to  be 
rem oved fo r this repair. It was always better if possible to  replace 
the defective bush with one with sound babbitt.

M olydisulphide grease had been used to  help press the 
bushes into the stern tube and  no unfavorab le  or questionable 
results had been noted. A ny possible con tam ination  a fter physical 
cleaning o f  the stern tube and  bushing w ould be m inim al and 
o f  little consequence.

M ost lip seal rings were m ade from  a single elastom er 
th roughou t. Some producers o f  lip seals, how ever, did offer seal 
rings o f  two elastom ers— one for its ability  to  w ithstand frictional 
heat, and  the o ther for its superior m echanical properties. The 
tw o cured elastom ers were physically bonded  together and 
treated thereafter as a single seal ring. There has been no radial 
cracking noted  in the tw o elastom er seal rings as has been found 
in som e o f  the single elastom er N itrile  seal rings.

A ny ridging o r grooving o f the rubbing area was undesirable. 
A lthough the seal rings eventually seated them selves radially  in 
the w ear grooves, axial m ovem ent o f  the shafting  system w ould 
tend to  displace the riding track  and  could cause som e degree o f 
leakage. The use o f  sleeve alloys and  coatings selected to  m ini
mize th is condition  was highly desirable, w rote the au thor.

I t  was im portan t th a t the riding sleeves be m oun ted  as 
concentrically as possible to  the tailshaft and  propeller. This 
could be contro lled  by accurate fitting in to  the propeller o f the 
a ft sleeve, and  by careful positioning and  indicating  o f  the 
forw ard sleeve. Eccentricity o f  0-5 mm w ould lead to  leakage 
from  both  the aft and  forw ard seal systems.

Simplicity in any lubricating system was desirable. But a 
system w hich w as au tom atic  and  reliable was preferable to  a 
m anually  operated  system. In  bo th  systems the opera to rs had 
to  be fully conversant w ith operating  principles and  techniques.

There was a tendency am ong som e engineers to  shorten  the 
aft bushes beyond conventional practice. M r. Volcy had explained 
the limits o f such developm ents an d  w arned o f the dangers o f 
exceeding cu rren t m in im um  lengths, an d  his p ap er “ F o r c e d  
V i b r a t i o n s  o f  t h e  H u l l  a n d  R a t io n a l  A l i g n m e n t  o f  
T a i l s h a f t ” , had em phasized the need fo r carefu l considera
tion  o f a lignm ent to  p rom ote an  op tim um  operating  system.
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W ear of Lignum Vitae Bearings of Propeller Shafts

T his paper trea ts  a  p ractical exam ple o f prev ious studies 
concerned  w ith the deflexions o f sh ips’ propeller shafts. T he 
au th o r  gives an  exp lana tion  o f the rap id  w ear o f  lignum  
vitae  bearings an d  shows how  w ear can  be avo ided  by a p p ro 
p ria te  positioning o f sh a ft supports an d  by an  alignm ent 
w hich allow s sufficient in itia l load ing  o f th e  ou term ost tail- 
sh a ft bearing.— Paper by J. Lachassagne presented at the 
1971 m eeting  o f  the A ssocia tion  T echnique M aritim e et 
A eronau tique  (in French).

Propulsion Machinery for Contra-rotating Propeller Systems

C o n tra -ro ta ting  (c.r.) propellers offer one a ttrac tive  so lu 
tion  to  m eeting the  needs fo r h igher pow er and  m ore  efficient 
ship p ropulsion . A  p lane ta ry  second-reduction  gear system  is 
p roposed  to  p rov ide th e  c j \  energy to  a  p a ir o f p ropellers from  
a conven tional tu rb ine  pow er source. T he  concentric line 
shafts, bearings, and  lub rica tion  system  are discussed as vital 
com ponents to  a c.r. system . Som e favou rab le  full-scale o p e ra 
ting experience has been ob tained  on all com ponents except a 
h igh-pow er second-reduction  p lane ta ry  gear operating  in the 
c.r. m ode. T he  use o f  a  c.r. propeller system  should  have a 
significant econom ic im pact on the pow ering of ships.— Steele, 
T . W ., M arine T echnology, O ctober 1970, V ol. 7, pp. 425-432.

W orking Life of a Seal

T h e  life o f an  oil seal is show n to be d irectly  p ropo rtiona l 
to  th e  ra te  a t w hich it  can  absorb  the effects o f fric tion  ho rse
pow er and  inversely p ro p o rtio n a l to  the ra te  a t w hich it 
develops fr ic tion  horsepow er.

T h e  life equation ,
t= B D /M w 2 Eq. [3]

can  be used to  com pute  seal life in varying shaft sizes and  
speeds if  the seal life constan t B is know n fo r a specific fluid, 
fluid tem pera tu re , eccentricity  and  sh a ft finish.

T h e  oil seal life fac to r B is show n to  be equal to  the to ta l 
w ork  done in  the life-tim e o f  the seal tim es the angu la r shaft 
speed a t  w hich the w ork  w as done per inch of shaft d iam eter.

T he  self-lim iting physical law s of w ork and  energy apply 
to  all fric tion  devices. T hus, it  is p robab le  tha t the life equa
tion  can  be em ployed in  o ther fields involving ro ta ting  
m echanism s.— Brink, R . V ., Lubrica tion  Engineers, Journal 
o f  the A m erican  Socie ty  o f  L ubrica tion  Engineers, O ctober 
1970, V o l. 26, pp . 375-380.

Vibrations in Complex Shaft Systems

T he increasing  use o f geared  m edium -speed engines in 
m arine p ropu lsion  insta lla tions, together w ith the trend  
tow ards driving im p o rtan t aux iliaries (e.g. generators, cargo 
pum ps etc.) via pow er take-offs from  the gearing, leads to  
qu ite  com plicated  m ulti-b ranched  shaft system s, inco rporating  
num erous elastic couplings, clutches, etc. T h e  au th o r discusses, 
fo r such system s, the three m ain  types o f shaft v ib ra tion , v iz:
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w hirling (ro ta ting  bending); axial; an d  to rsiona l. T h e  first tw o 
are  considered on ly  briefly, as the  v ib ra tio n  m odes w hich 
occur in  p rac tice  a re  analogous to those  encoun te red  in  low- 
speed D iesel o r in  tu rb in e  m achinery . W hirling  can  resu lt in 
rap id  w ear o f w ater-lubrica ted  stern -tube  bearings o r even 
shaft frac tu re . A xial v ib ra tion  (usually  p ropeller-excited  can 
overload  the gears if the th ru st b lock  (com m only  bu ilt in to  the 
gearbox) is n o t sufficiently rigid. T h e  com pu ter p rog ram s used 
by D et norske V eritas fo r ca lcu lating  n a tu ra l frequencies, 
m odes, am plitudes, etc. fo r w hirling  an d  ax ia l v ib ra tions are  
no ted .— Larsen, O., Veritas, O ctober 1970, V o l. 16, pp . 8 -11; 
(in N orw egian); Journal o f  A bstracts, B S R A , A p r il 1971, 
V ol. 26, A bstrac t N o . 30,827.

Maxim um  Temperature for Bearings Under Steady Load

T he lim iting m eta l tem pera tu re  in large b ab b itt bearings 
was observed to  range from  268° to  390°F . S u rface  creep  w as 
encountered  a t th is fa ilu re  tem p era tu re  w ith th e  local p ressure 
in the oil film m atch ing  th e  yield stress fo r the  bearing  m ateria l. 
Expressions are  developed fo r ca lcu la ting  the m axim um  
tem pera tu re  in  either jo u rn a l o r tapered  land  bearings. These 
ad iaba tic  so lu tions perm it evalua ting  th e  co rrespond ing  m ax i
m um  operating  loads an d  speeds possib le  w ith various bearing 
geom etries in  e ither the lam inar o r tu rb u len t regim es.— Booser, 
E . R ., R ya n , F . D . and  L in k in h o ker, C . L ., L ubrica tion  
Engineering, Ju ly  1970, V o l. 26, pp . 226-235.

Unified Regulations for the Design of Propeller Shafting

A thorough  analysis o f the p ropeller shafting  o f  large 
ships (bo th  Soviet and  non-Soviet) has show n the reliab ility  
o f this shafting  to  be affected by a large num ber o f physically  
dissim ilar facto rs, w hich can  be divided p rov isionally  in to  
tw o g ro u p s : those associated  w ith the design a n d  p ro d u c tio n  
o f propeller shafting , and  those associated  w ith the c h a rac te r
istics o f the p ropeller an d  th e  dynam ic characteristics o f  the 
shaft. These dynam ic characteristics w ere n o t considered  in 
previous U .S .S .R . R egister R egulations, only  sta tic  load ing  
being allow ed for.

H aving  becom e opera tive  as o f Ja n u a ry  1, 1969, the  new 
R egulations con ta in  recom m endations on the com position  of 
propeller shafting; the  general a rran g em en t o f th e  propeller 
sh a ft and  its elem ents; th e  design o f  stern  tubes, stern-bearings, 
stern  glands, shafts, an d  their parts; sh aft-tu rn ing  a rran g e
ments; the choice o f p lum m er and  th ru s t blocks, bulkhead 
glands, brakes, etc.; and  th e  ca lcu la tion  o f p ropeller shafting . 
T hey  app ly  to  tw o prov isional g roups o f  p ropeller shafting : 
w ith  a  p rope lle r-shaft d iam eter o f up  to  400 m m  (g roup  1) 
and  over 400 m m  (group  2).

T h e  R egulations p lace app rec iab le  em phasis on th e  im 
provem ent o f the w atertigh t in teg rity  o f p ropeller-shafting  
elem ents. T h e  sealing o f th e  p ropeller cone on  its fo rw ard  
and  a fte r ends is discussed in  som e detail fro m  the design 
o f  the sealing assem bly to  th e  m ethod  o f locking fastenings. 
— Z elikson , I . L . and  Sverd lov, N . L . Sudostroenie, D ecem ber  
1970, pp . 20-22, (in R ussian); Journa l o f  A bstracts, B S R A ,  
M a y  1971, V ol. 26, A b stra c t N o . 30,891.
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Experimental Determination of the Static and Dynamic Proper
ties of Journal Bearings for High-speed Shafts

T he investigation  concerns th e  influence o f the spring 
an d  dam ping p roperties o f th e  oil-film  o f jo u rn a l bearings on 
the v ib ra tion  and  stab ility  behav iour o f h igh-speed shafts. 
B oth the experim entally  determ ined  sta tic  characteristic  curves 
an d  the spring an d  dam ping coefficients a re  set u p  in a  su itab le  
fo rm  fo r the num erical use. F u rth e rm o re , th e  differences 
betw een experim entally  and  theoretically  determ ined  dynam ic 
properties o f  bearings an d  the influences o f the length  to  
d iam eter ra tio  a re  discussed. A  com parison  is m ade  o f the 
v ib ra tion  an d  stab ility  behav iour using the exam ple o f a 
sym m etrical one-m ass ro to r.— G lienicke, J., U D I-Z , V o l. 112 
(1970), N o . 22, p . 1496 (in G erm an).

Contra-rotating Marine Propeller Drive (Patent Specification)

T his inven tion  concerns im provem ents re la ting  to  con tra- 
ro ta tin g  m arine  p ropeller drives. I t  seeks in p a rticu la r to  
overcom e the p rob lem , w hich arises w ith con tra -ro ta ting  
m arine p rope lle r drives, o f dealing w ith bearing loads on 
tw o concen tric  sh afts  o f large d iam eter.

F ig . 1 show s, sim ply in  ou tline, th e  a f t p o rtion  o f  a ship 
w ith o u tb o a rd  openings (1 an d  2) fo r the ru dder (3) and  
fo rw ard  an d  a f t  propellers (4 and  5) respectively, the ru dder 
post being located  a t  (6). T he  propellers (4 and  5) a re  secured 
by nu ts (7) on respective cones (8, 9) on o u te r an d  inner 
shafts (10, 11) w hich ex tend  fo rw ard  to  a gear box assem bly 
(12) located  in  an  in b o a rd  space (13) o f the ship.

T he  o u tb o a rd  end (14) o f the  inner, solid, sh a ft (11) is 
supported  in a bearing  (15) carried  in the rudder-post a t (6). 
T he  bearing (15) is housed  in  an  an n u la r en largem ent (6a) 
fo rm ed on  or p rov ided  directly  in  a  stra igh t vertical ru dder 
post o r in an  ap p rox im ate ly  V -shaped ru d d er post. Such

enlargem en t m ay  be fa ired  a t  th e  a f t end . A lternative ly  th e  
bearing  (15) m ay  be suppo rted  fro m  th e  s te rn -fram e stru c tu re  
ad jacen t to the rudder, fo r exam ple by a  b rack e t o r brackets. 
Suitably, th e  bearing  (15) is an  “u n d erw a te r” w hite-m etal 
bearing, b u t it cou ld  be a  bearing  lub rica ted  th rough  passages 
in the post. A  g land  (16) is p rov ided  a t  th e  fo rw ard  end  o f 
the bearing. T he  ta il end  o f  the sh a ft (11) is enclosed.

C losely fo rw ard  of th e  fo rw a rd  p rope lle r (4), th e  ou ter, 
hollow , sh a ft (10), th rough  w hich the inner sh a ft (11) passes 
w ith  c lea rance  (17), is suppo rted  fro m  the s tern -fram e 
struc tu re  (18) in  a  stern -tube  o r ta il-shaft bearing  (19), co m 
pletely independently  o f th e  inner sh aft. Su itab ly  the bearing  
(19) is a  close-to lerance w hite-m etal bearing  hav ing  a  length  
o f the o rd e r o f fo u r tim es the  ex ternal d iam eter o f th e  sh a ft 
(10), bu t it cou ld  be a  lub rica ted  bearing.

Im m ediately  fo rw ard  o f the bearing  (19), th e  concentric  
shafts en ter th e  gear-box  assem bly (12), w hich com prises 
tw o sections (20, 21) on a  com m on fo u n d a tio n  (22). T he  
ou ter sh a ft (10) extends only  to  th e  fo rw a rd  side o f the a f t 
section (20) w hich encloses a gear-w heel (23) fa s t on  the 
said  sh a ft an d  a  p in ion  (24) located  above the said  w heel and  
m eshing therew ith . T here  is no bearing  betw een the shafts 
(10 an d  11), b u t on ly  a  jo u rn a l bearing  o r, as show n, bearings 
(25) betw een the ou ter sh a ft (10) a n d  a  pedesta l (26) o f the 
assem bly (12) and  a th ru st-b lock  bearing  (27) su ppo rted  by a 
pedestal (28) o f the said assem bly. T he  c learance  (17) betw een 
the shafts  (10, 11) is sealed a t  its fo rw ard  an d  a f t  ends by 
g lands (29). F o r  ease o f  assem bly an d  disassem bly, the p a rt 
o f the ou ter sh a ft w ith in  the  assem bly (12) is subdiv ided  into 
sections w ith flanged couplings a t  (30).

T he  inner sh a ft (11) extends in to  the fo rw ard  section (21) 
w hich encloses a w heel (31) fas t on  the sh a ft and  a p in ion  (32) 
located  above and  m eshing w ith th e  said  w heel. T h e  sh a ft (11) 
is suppo rted  from  a pedestal (33) o f  the assem bly (12) by a 
jo u rn a l bearing  fo rw ard  o f th e  w heel (31) or, as show n, by 
bearings (34) fo rw ard  and  a f t  o f the w heel. A  th rust-b lock
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bearing  (35) fo r the shaft (11) is supported  by pedestal 
(36) on  the fo rw ard  side o f the section (21). T he shaft (11) is 
also subdivided, w ith a coupling a t  (37).

T he  w heels (23 and  31) on the shafts  (10 and  11) are  
driven from  a single com m on pow er inpu t shaft (38) extending 
a f t  from  the pow er u n it (no t show n) of the ship and  
term inating  a t  th e  assem bly section (21). T h e  p in ion  (32) is 
fas t on  the sh a ft (38) and  directly  drives the w heel (31) on 
the shaft (11). I t  also drives a p in ion  (39) fast on a transfer 
shaft (40) w hich extends a f t  to the assem bly section (20) and  
on  w hich th e  p in ion  (24), m eshing w ith the w heel (23) on the 
sh a ft (10), is also fast. T h e  shaft (40) is supported  by bearings 
(41) in  the pedestals (26, 33), as is also the  a f t  o f the shaft (38). 
I f  requ ired , the shaft (40) m ay  be sub-divided by a coupling 
a t  its m id-length. T he  shafts (10 and  11), w ith their respective 
p ropellers (4 an d  5) a re  thus driven w ith co n tra -ro ta tion . T he

relative speeds a t w hich the p ropellers (4 an d  5) a re  driven is 
determ ined  by the ra tio s  selected in the several p a rts  o f  the 
gear tra in . W ith  the arrangem en t illu stra ted , the propellers 
will ro ta te  at the sam e speed.

Pinions driving the w heels (23, 31) cou ld  alternative ly  
be driven th rough  separa te  shafts  ex tending  a f t fro m  the 
pow er u n it or units.

By w ay o f exam ple, w ith a tu rb in e  pow er u n it whose 
h igh-pressure and  low -pressure sides drive a single o u tp u t 
shaft th rough  an  epicyclic o r spur gearing  giving a  12 to  1 
reduction  from , say, 6000 to  500 re v /m in , the  above-described 
gearing in th e  gear-box  assem bly (12) m ay  prov ide  fu rth er 
equal reductions o f  5 to  1, say to  120 re v /m in  o f  the contra- 
ro ta ting  propellers (4 and  5).— British P aten t N o . 1 221 201 
issued to  S tone M anganese M arine L td . C om p lete  Specifica
tion published  3 February, 1971.

308 Trans.l.M ar.E ., 1971, Vol. S3


