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MEDIUM SPEED ENGINES IN SH IPS
Dipl.lng. K. Luther*

G eared  m ultip le engine p lan t cam e in to  use in  ships som e years ago, adm ittedly  only 
in sm aller vessels w ith  relatively low  propulsive ou tpu t to  begin w ith. W ith  the developm ent 
o f  all m akes o f  larger engines w ith  h igher ou tpu t, able to  ru n  on heavy fuel oil w ithout 
difficulty, such p lan t has been in troduced  increasingly in to  larger an d  faster vessels o f  alm ost 
every type. Som e exam ples o f  installations fo r such p lan t are given and  the essential advan­
tages o f  m arine  m edium  speed engine p lan t over alternative form s o f propulsion  outlined.

The design features o f tw o m edium  speed engines developing 560 and  1000 bhp (m etric) 
per cylinder a re  described and  their operating  da ta  specified.

As special a tten tion  m ust be p a id  to  the questions relating  to  m aintenance and  overhaul 
in p lan t com prising a  relatively large num ber o f cylinders, all the m easures taken  in  these 
engines to  facilitate such w ork  are  trea ted  in detail. T he dam ping o f  noise p roduced  by such 
engines is also discussed. D etails a re  given o f  the service life and  periods betw een overhauls 
for the essential parts subject to  w ear and, in conclusion, com m ents are  m ade upon  the
question  o f  the reliability  o f  these engines. Mr. Luther

APPLICATION OF THE MEDIUM SPEED ENGINE IN  SHIPS
In  recent years, technical com m ittees and  jo u rn a ls  have 

dealt, to  an  increasing extent, w ith m arine layouts incorporating  
h igher ou tpu t, m edium  speed engines. W hile there is no th ing  
new, in  principle, ab o u t th is trend, a  new aspect is its application  
to  all fields o f  sh ipping, w ith the general tendency to  use increased 
ou tpu ts, em ploying, to  this end, larger m edium  speed units o f 
higher specific ratings.

DEVELOPMENT OF THE GEARED INSTALLATION
G eared  m ultip le engine m arine p lan ts have been used for 

certa in  m arine layouts fo r m any years. T he size o f  the ships 
ranged from  ab o u t 4000 to  8000 dw t and  the to ta l ou tp u t from  
2000 to  6000 hp. T hus, a  large num ber o f  these p lan ts was 
built in  G erm any in  the early  post-w ar period , fo r w hich sub­
m arine engines bu ilt during  the w ar w ere used. L ater on, o ther 
p lants were m odelled on these lines. Since the design o f  the entire 
p ropulsion p lan t involved som e difficulties— n o t actually  due to  
th e  engines themselves— and  since the ou tp u t o f  tw o-stroke 
engines had  increased— these engines being especially suitable 
fo r heavy fuel oil operation— the im portance o f  m edium  speed 
engines and , consequently, geared engine p lants, decreased 
again. H ow ever, engine m anufacturers have, m eanw hile, devel­
oped new  h igher o u tp u t fou r-stroke engines, i.e., engines also 
suitable fo r heavy fuel oil operation . A lthough  these engines 
are  n o t very m uch larger th an  th e  previous ones, h igher p iston 
and  engine speeds, h igher m ean  effective pressures and  higher 
degrees o f  turbocharging, together w ith the vee-arrangem ent 
o f  the cylinders, have resulted  in higher ou tpu ts. A no ther im por­
tan t p o in t to  be borne in m ind  is th a t gearbox m anufacturers 
a re  now  in a  position  to  produce reliable reduction  gearboxes 
o f  th e  desired rating, and  th a t oil com panies have m eanw hile 
developed lubricating  oils enabling  trunk-p is ton  engines to  run 
on  heavy fuel oil.

PRESENT POSITION IN  RELATION TO VARIOUS SHIP TYPES
In  recent years, these p lants, a lthough  w ith  low er ou tpu ts, 

have m ainly been used w here the ch ief m erits o f  a  geared plant,

* M anager, M edium  Speed F ou r-stroke  Engine D ep t., M .A .N .

i.e., its sm aller size and  low er weight, have been o f  particular 
im portance. A s well as in w arships, geared p lan ts w ere often 
installed in  ferry boats, the  num ber o f  w hich has increased 
considerably due to  the rap id  rise in the m o to r tran sp o rt o f 
passengers and  goods. In  ferry boats, a  low engine height is 
o f  particu lar im portance, as it facilitates the arrangem ent] o f 
one o r several ca r decks extending over the en tire  length of 
the ship.

A  steep rise in the num ber o f ships w ith geared engine p lan ts 
and  the in troduction  o f  such plan ts in to  ships o f  all types has 
been m ade possible by the developm ent o f  m edium  speed engines 
suitable fo r efficient heavy fuel oil operation . C onsequently , 
these engines have now  been in troduced  in to  norm al cargo vessels 
and  tankers used in m erchant shipping. Fig. 1 show s th a t ferry 
boa ts  w ith  m edium  speed engines had , to  a  certain  extent, 
reached sa tu ra tion  p o in t in 1966. F u rtherm ore , there  w as no 
considerable rise in  the num ber o f  special du ty  vessels, such as 
dredgers and  factory  ships. A  rem arkab le  featu re  is the  steep
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F ig . 1—Orders for ships with medium speed plants 
of more than 7000 hp
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rise in orders placed since 1965 fo r cargo vessels w ith  geared 
m edium  speed engine p lant. I t  seems tha t, a fter som e initial 
hesita tion , the great advantages o f these p lants were recognized.

SOME LAYOUTS INCORPORATING MODERN HIGH OUTPUT, MEDIUM 
SPEED ENGINES

W hat m ade a  large num ber o f econom ically m inded sh ip­
ow ners choose geared m edium  speed engine p lan ts?  F o r  such 
layouts th is engine design offers m any advantages. T he au tho r 
p roposes first to  give som e brief exam ples o f the space and  weight 
requirem ents. In  Fig. 2, an 18 0 0 0 h p  propulsion  p lant, w ith a

------------------ 16 m -

/4 ; 77-J Ib /h p  343 h p / f t  0-4 hp/10  
B : 25-8 Ib /h p  366 h p / f t  2 1  h p /fP

F i g .  2 — C om parison  betw een an 18 000 bhp layout 
(V 9 V 5 2 /5 5 ) and  a tw o-stroke unit

m odern  crosshead engine, is com pared w ith an  18 00 0 h p  
propulsion  p lan t inco rporating  a m edium  speed engine o f  the 
la test design, coupled to  a  p lanetary  gearbox w ith  a built-on 
th ru st bearing.

T his gearbox is o f  advantage if  it is im portan t to  save 
w eight and  space, if  the shafts m ust n o t be ou t o f  alignm ent and  
if  the gearbox does no t have to  provide fo r auxiliary pow er 
take-off. The advantages o f the m edium  speed engines are 
particu larly  noticeable from  the specific values, i.e., the  pow er/ 
w eight ra tio , th e  ou tpu t in re la tion  to  th e  length o f the entire 
p lant, an d  the ou tp u t in rela tion  to  the com plete space requ ire­
m ent.

O ther exam ples o f  m edium  speed engine layouts are  show n

F i g .  3— 16 000 bhp V 8 V 5 2 /5 5  engine w ith  
epicyclic gear

F i g .  4— 24 000 bhp, tw in-propeller p lan t w ith  
tw o  V 6 V 5 2 /5 5  engines

in  Fig. 3 (16 000 hp, 16-cylinder vee-engine w ith a  planetary 
gearbox) and  Fig. 4 (a tw in-shaft p lan t w ith  tw o 12-cylinder 
vee-engines and  associated reduction  gearbox fo r 24 000 hp). 
H ere again the favourable specific values fo r space and  weight 
requirem ent are  rem arkable.

ADVANTAGES OF THE MEDIUM SPEED ENGINE COMPARED W ITH 
OTHER PROPULSION UNITS

A  num ber o f o ther features are  w orth  m entioning which, 
when com pared w ith various m arine p ropulsion  p lan ts and 
sta tionary  generating p lants, a re  favourable to  the m edium  
speed engine, som e applying to  the four-stroke engine in p a r­
ticular. I t  is obvious, how ever, th a t they are  n o t all o f the same 
im portance when considering one particu lar engine plant. 
N evertheless, it is w orth  while tak ing  a  look  a t them .

The low w eight and  space requirem ent has already been 
m entioned.

T he particularly  low  height, enabling shipbuilders to  provide 
an  additional, continuous deck in ferry boats, has been m entioned. 
In  the case o f  o ther types o f  vessel too  it is possible, fo r instance, 
to  arrange the engine contro l room , th e  w orkshop, stores o r 
auxiliary engines above the m ain engine room .

To m ake optim um  use o f a  sh ip’s cargo space, shipbuilders 
try  to  arrange the engine p lan t as far aft as possible. A s the weight 
o f  the m edium  speed engine p lan t is considerably low er than  
th a t o f  o ther p lants, even an em pty  vessel can  be trim m ed to  an 
alm ost even keel, w hich is hard ly  possible in  th e  case o f  vessels 
incorporating  heavier engine p lant. C onsequently , th e  ship does 
n o t have to  go in to  an  expensive floating dock an d  can use a  dry 
dock. I t is also im portan t tha t, w ith  th e  em pty  ship trim , the 
longitudinal bending m om ent can be reduced by the low er 
m achinery weight.

T he low  centre o f  gravity is advantageous w hen heavy 
cargo has to  be loaded  and  unloaded . T his is o f  im portance 
also in  con ta iner ships and  all o th er vessels having deck cargo.

T he reduction  gearbox perm its free selection o f  the propeller 
speed, according to  the size and  speed o f  the ship concerned. 
T his ensures op tim um  propeller efficiency, w hich dem ands
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betw een ab o u t 130 and  140 rev/m in in the case o f ou tpu ts 
exceeding 20 000 hp and  in sm all ships sailing a t high speed, 
whereas in a  large ship sailing a t low speed, such as a tanker, a 
low er speed, between 80 and  90 rev/m in, is required.

T he possibility  o f using overlapping o r con tra-ro tating  
propellers, now under exam ination  by leading shipbuilding and  
propeller firms, is also increased by the inclusion o f a  gearbox.

In m edium -speed engine plants, the m ain  engines can be 
used to  drive generators th rough  gearboxes, n o t only a t sea, 
bu t also in port, when adequate  electric pow er is required  for 
the sh ip ’s cargo handling equipm ent. U nder certain  conditions, 
the heavy fuel oil, norm ally used to  drive the m ain  engines, can 
also be used for this purpose. In  m ost cases, a  single D iesel 
generating set will then suffice to  supply the electric pow er 
requ ired  in p o rt w hen no  cargo is being handled. F o r  this gen-

Totaf number o f  cylinders: 2 4

Tota l number o f  cylinders: 2 7

F ig . 5— C om parison  o f  to ta l num bers o f  cylinders 
fo r  16 000 hp  propulsion plants

erating  set, a  high speed un it involving low initial cost and  
installa tion  charges can  be used, as it will only be operating  for 
short periods o f tim e. C onsequently , it is possible to save the 
expense o f  a t least tw o auxiliary  sets. In  a  geared p lan t o f  up to
16 o r 18 m ain engine cylinders, a  saving in cylinders in the entire 
installation , and, thus, in the associated m aintenance costs and 
w ork, is possible. A  16 0 0 0 h p  layou t illustrates this po in t 
(Fig. 5). In  tankers, these p lan ts offer the add itional advantage 
th a t one o f  the m ain  engines can be used to  drive the cargo and  
ballast pum ps. T hus, the expense o f  separate  pum p drive units 
can  be saved. In  relation  to  the in itial costs o f the pum p drives, 
the degree o f  u tilization  w ould have been very low. F itting  a 
steam  turb ine set (fed by the exhaust boiler) to  the free shaft 
end o f  the geared generator w ould im prove the econom y and, 
in the event o f  an  engine failure, the reliability . T his tu rb ine set 
w ould be fed by the excess steam  generated by the p lan t under 
m ost service conditions and  could even supply pow er to  the 
propeller shaft (Fig. 6).

A u x ilia ry  tu rb ine
A lte rn a to r  

C/utch

i s m - i

C/utch

OH M ain  engine

S-flb
C/utch

M a in  engine

F i g .  6— M ed iu m  speed  geared propulsion  p lan t

M edium  speed engines can  n o t only be transported , alm ost 
com pletely assem bled, by ra il o r road , b u t it is also  possible to  
install com plete engines in ships. T he advangage o f n o t having 
to  consider the engine installa tion  in the course o f  shipbuilding 
is th a t it simplifies the sh ipyard’s p lanning w ork ; also the engines

T a b l e  I — C o m p a r i s o n  o f  s h i p  p r i c e s  

D ifferent propulsion  arrangem ents in a 115 00 dw t tanker

M ake
SH P(m cr)/rpm  
Service ou tpu t, per cent 
Speed a t service ou tpu t, kn 
A lternators: 

steam  drive 
D iesel drive 
gear drive 

C argo pum ps: 
steam  drive 
Diesel drive 
gear drive 

B allast pum p: 
electric drive 
gear drive 

Propeller 
S team  plan t 
Length o f  engine room  
M oulded depth 
Index price, per cent

Steam  Turbine
K ockum  D elaval
24 000/91-5 
100 
15-6

1 x 1000 +  1 x 2000 kV A

3 X 3400 m 3/h  X 130 m

1 x 3400 m 3/h  x  30 m 

Fixed pitch 

a
67 ft 5 in 
100

Low  Speed Diesel
M A N  K 7Z  105/180
28 000/106
90
15-6

2 X 1000 +  1 X 2000 kVA

3 X 3400 m 3/h  X 130 m

1 X 3400 m 3/h  x 30 m

Fixed pitch 
2 x 8  +  1 X 2-5 t/h  
a  +  1-6 m
68 ft 3 in 
106

M edium  Speed Diesel 
M A N  2 X V8V52/55 
28 800/90 
90 
15-8

1 x 1000 kVA 
1 x 1000 +  1 x 2000 kV A

3 X 3400 m J/h  X 130 m

1 x  3400 m 3/h  x  30 m 
V ariable pitch 
5 x 8  +  1 x  2-5 t/h  
a —  4-0 m 
66 ft 4 in 
102
(100-7)

A u x ilia ry , 
turbine

A lte rn a to r
C/utch

Khu

Thrust bearing

M a in  engine

Trans.l.Mar.E., 1971, Vol. ttJ



Medium Speed Engines in Ships

can be assem bled under m ore favourable, clean w orkshop 
conditions.

T he spare parts  are  no t only cheaper bu t also easier to  
handle and  to  store  aboard  ship.

T he first cost o f a  m edium  speed engine p lan t is, in m ost 
cases, up to  30 per cent less than  th a t o f  o ther conventional 
layouts. H ow ever, th is difference does no t always have a  decisive 
influence on the price o f the w hole ship. A  com parison o f  prices 
often gives very different results depending on  the size an d  type 
o f  th e  vessel. In  th is connexion, the com parison between three 
115 000 dw t tankers is very interesting. A  w ell-known Swedish 
shipyard  p repared  this on the basis o f existing turbine plants and  
low speed as well as m edium  speed M .A .N . engines, m aking use 
o f  all the  possibilities m entioned so far (Table I). In  the case o f 
the tu rb ine  ship, the generators, cargo and  ballast pum ps are 
driven by steam  and  no auxiliary boilers have been provided. 
The ship w ith the low speed engine has three Diesel generating 
sets, as usual, and  three Diesel driven cargo pum ps, as well as an 
electrically driven ballast pum p and  an  auxiliary  boiler. The 
ship w ith the m edium  speed engine has tw o generators m ounted 
on  the gearbox, a  standby Diesel generating set, gearbox m ounted 
cargo and  ballast pum ps, as well as an auxiliary boiler. The 
first in teresting po in t is th a t the engine room  o f the ship w ith a 
low speed engine is 5-5 ft longer than  th a t o f the tu rb ine ship. 
T he engine room  o f  the m edium  speed engined ship how ever is 
13 ft sho rter th an  th a t o f the turb ine ship. T he difference in 
height is also  noticeable. I f  the to ta l price o f the tu rb ine ship is 
assum ed to  be 100 per cent, the  price o f  the low speed engined 
ship is 106 per cent and  th a t o f the m edium  speed engined ship 
102 per cent, i.e., it is only slightly above th a t o f  the turbine 
ship, despite the  contro llable  pitch propeller used. Because o f 
the slightly h igher o u tp u t o f the m edium  speed engine selected, 
the ship is ab o u t 0-2 kn  faster and, if th is higher speed is 
converted to  cargo capacity, the disadvantage in  price becomes 
negligible.

T he operating  experience gained w ith four-stroke, m edium  
speed engines in recent years has also show n th a t the w ear o f 
pistons, p iston  rings and  cylinder liners is considerably lower 
than  in  tw o-stroke engines. C onsequently, it is to  be expected 
th a t the tim e un til the pistons have to  be pulled is longer and 
th a t it  will be possible to  have tw o-year periods betw een piston 
overhauls.

T able II shows the w ear ra tes o f  M .A .N . m edium  speed 

T a b l e  I I— 40/54 E n g i n e — W e a r  o n  h e a v y  f u e l  o p e r a t i o n

Average m.s.
value M almanger

in/1000 h in/1000 h 
1. P iston ring  rad . 0 00078-0 00118 0 00236 
1. P iston  ring  groove 0 000039-0 000156 0 000196 
Cyl. liner t.d.c. 1. ring  0 00039 0 00078

engines after a  to ta l operating  tim e o f approxim ately 400 000 h. 
T he date  rela ting  to  the engines o f  m.s. M almanger, w hich were 
running  on poo rer quality  heavy oils is show n separately to  
dem onstra te  th a t even w ith fuels o f  th is class (ash conten t 
0-06, insolubles in pentane 10, su lphur 3, vanadium  224, 
1500 sec./R edw ood I) th e  w ear ra te  o f  vital com ponents is 
extrem ely low.

T here are  also o th er advantages, n o t only over low  speed 
tw o-stroke engines, bu t also over tu rb in e s :

T he sp litting  o f  the m ain  pow er p lan t in to  several engine 
un its  increases the sh ip’s safety.

T he use o f  one p a rticu la r type o f  engine w ith in  a fleet 
perm its a  large num ber o f  different sizes and  speeds, the engines 
having different cylinder num bers, bu t the sam e cylinder 
dim ensions and , consequently , the sam e parts  subject to  wear. 
T h is simplifies overhaul w ork and  th e  stocking o f  spare parts, 
m aking it easier to  change staff w ithin the com pany.

In  oil ports o r certa in  parts  o f  A sia w here very bad  w eather 
is likely to  occur, the propulsion  p lan t m ust always be ready for 
service so  th a t in an  emergency the ship can im m ediately leave

port. T his is ra th er aw kw ard when planning overhaul or 
m aintenance w ork on a  tu rb ine o r low  speed engine. In  the case 
o f  geared m ultiple engine layouts, how ever, one can  easily w ork 
on  one engine and  keep the o thers ready for service, according 
to  the regulations.

It is also possible to  carry  o u t certain  w ork on an  engine 
while the ship is a t sea, if  necessary. T his can  also be done while 
sailing under ballast or, in ferry boa ts  in the off-season, w hen the 
sailing schedule is no t so tight and  the full engine ou tp u t no t 
always required.

In  the larger layouts, allow ance is m ade in  the design and 
the tim etable, righ t from  the start, fo r the rou tine  m aintenance 
o f certain  com ponents. D uring  the voyage, fo r instance, som e of 
the pistons o f  one engine can be exchanged fo r reconditioned 
ones. The pistons o r parts  rem oved can then  be reconditioned 
during the voyage and  subsequently  placed in a  sh ipboard  
spare parts store. The loss in tim e caused by the stopping  o f  the 
engines is allowed fo r w hen establishing the tim etable o f  the 
vessel.

In  the foregoing cases or under sim ilar circum stances, such 
a layout approaches optim um  efficiency in operation  as individual 
parts  o f the p lan t can be shu t down.

It is well know n, too , th a t these layouts facilitate m an­
oeuvring when running  in  confined w aters, w hen engines can go 
ahead  while the o thers go astern.

T he cargo pum p is operated  a t a  considerably  higher 
efficiency than  those in tu rb ine vessels. M ore th an  lOOOOhp is 
required fo r this purpose in large tankers. O wing to  the con­
siderably low er efficiency o f  the auxiliary  turbine, the relevant 
steam  consum ption is very high as it is required  fo r an ou tpu t 
o f approxim ately 36 000 hp from  the m ain p ropulsion  machinery. 
T his m eans th a t it m ight even be necessary to  dim ension the 
boiler p lant prim arily w ith a view to  m eeting the steam  require­
m ent o f the cargo pum ps. In  any event, it will be necessary to 
operate the w hole m ain bo iler p lan t, in o rder to  be able to  run 
the cargo pum ps. This leaves little  o r no  possibility  o f  carrying 
ou t overhauls on the boiler p lan t in port.

So far the advantages o f m edium -speed engines have been 
discussed in detail. W hen discussing their disadvantages, the 
follow ing argum ents are  usually  pu t forw ard : high lubricating
oil consum ption, short service life o f  the exhaust valves in heavy 
fuel oil operation , higher cylinder num bers and , consequently, 
m ore m aintenance w ork, etc, higher m ean effective pressures, 
higher noise levels.

W hereas the advantages m entioned are  e ither undisputed  
from  the very outset o r m ust be assessed by th e  ow ners in  the 
light o f econom ic evaluations and  optim ization  fo r the type o f 
ship concerned and  its in tended duty, the d isadvantages m en­
tioned  concern the engine builder. These po in ts w ill be dealt 
w ith w hen details o f  m edium  speed engine are discussed.

MAIN CHARACTERISTICS OF M .A.N. HIGH OUTPUT, MEDIUM SPEED
ENGINES

T he M .A .N . p roduction  program m e fo r m edium  speed 
engines was extended to  ob ta in  higher u n it ou tpu ts and , in the 
course o f  this, tw o new  engine types w ere developed, w ith 
cylinder ou tpu ts o f  560 and  1000 hp respectively, covering and  
engine o u tp u t range o f 3000 to  18 000 hp. L ike previous engines, 
they operate on the four-stroke cycle since experience shows tha t 
a t th is size and  speed they offer m ore advantages th an  tw o-stroke 
engines, particularly  as regards therm al loadings, specific wear, 
lubricating  oil consum ption, heavy fuel oil opera tion  and  p art­
load  operation.

T he 40/54 engine (15-7 in bore  by 21 -2 in stroke, 430 rev/m in) 
has been built since 1964, m eanw hile becom ing very popular 
and  establish ing  an  excellent service record  in m arine as well 
as sta tionary  applications. So far, 250 engines o f  th is type have 
been sold, to talling  over 1-6 m illion horsepow er. O u t o f  this 
num ber a little  less than  150 engines are  a lready in  operation .

M ain Design Features o f  the 40/54 Engine
T he pistons, arranged opposite  each o ther in the vee-engine, 

drive an  articu lated  connecting  ro d  (Fig. 7), thus offering the 
advantage o f an appreciable saving in engine and  engine room
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F i g .  7 — A rticu la ted  connecting  
ro d — Vee-engine

length as well as sho rt sym m etrical force paths in the fram e; 
they have a  steel crow n and  a  light-m etal sk irt, a  design ensuring 
very little  change in the p iston  crow n clearance between part 
load  and  full load , excellent cooling o f  the ring  belt; hardened 
piston ring  grooves to  increase reliability  in service, low  w ear 
and  good part-load  operation , particu larly  w hen runn ing  on 
heavy fuel oil (Fig. 8).

The engine has a separate  cylinder lubrication  system  per­
m itting  sm all quan tities o f  fresh lubricating  oil o f  a  quality  
su itable fo r the fuel used, to  be adm itted  to  the exact po in t where 
th is oil is required . I f  th e  lubricating  oil system  o f  the entire 
p lan t should  fail, independent cylinder lubrication  w ould be o f 
advantage. T o  provide fo r such a  failure the engine m ain  bearings 
have em ergency provisions, bu t the p iston  and  cylinder running 
faces w ould no t be p ro tec ted  if  they depended solely on  the oil 
throw n up from  the crankcase. T hus separate cylinder lubrication 
w hich continues to  function  irrespective o f  a failure o f  the 
forced-feed lubrica tion  system  until the engine is stopped, 
provides an  added safety factor. As opposed to  the conventional 
m ethod, th e  lubricating  oil is adm itted  from  below, th rough

F i g .  8 — Piston— V V 40/54 engine
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valve cones n o t only results in adequately  low  tem peratures bu t 
also  avoids unnecessary com plications in  the supply, treatm ent 
and  contro l o f  the coolan t, also risks o f  lubricating  oil d ilu tion  
and  w elding on  the valve cones. M oreover, the ability  to  ro ta te  
the valves in opera tion  is m aintained.

The fuel injection valves and— in the case o f  periodically o r 
perm anently  unattended  engine room s— the fuel injection pipes 
are  located in protective casings in w hich any oil leakage is 
collected and  discharged separately. As there are also w ater 
connexions in the lubricating  oil space o f  the valve drive on the 
cylinder head, the rocker arm  lubrication  c ircu it is separate  from  
the general lubricating  oil circuit.

M ain Design Features o f  the 52/55 Engine
In  M ay 1969 the first experim ental engine o f a  new and  larger 

type was in troduced, a  12-cylinder vee-type V6V 52/55, develop­
ing 12 0 0 0 h p  a t 430 rev/m in, cylinder bore 20-4 in, stroke 
21-6 in. Since then, 35 engines o f th is type to ta lling  m ore than  
420 000 hp have been sold. T he first o f  these engines, w ith 18- 
cylinders, fo r a  containership , was show n fitted w ith  a R enk 
p lanetary  gearbox on the M .A .N . test bed in  N ovem ber 1970.

T here were tw o m ain  reasons fo r the design o f  th is new 
engine. T he first was to  extend the o u tp u t range o f m edium - 
speed engines to  cover un it ou tpu ts o f  betw een 15 000 and  
18 0 0 0 h p . T he second was the considerable sim plification o f 
m aintenance w ork th a t can  be ob tained  by reducing the num ber 
o f  cylinders fo r a  given engine ou tpu t.

T he design d a ta  o f the engine w ere selected a fter a  careful 
exam ination  o f  the  m arketing  and  technical aspects. T o a certain 
extent, the  proven design principles o f  the 40/54 engine helped 
to  m inim ize the tim e fo r designing and  testing the engine and  to  
m ake it as reliable as possible right from  the outset. N evertheless, 
full use was m ade o f the latest experience and  facilities, perm itting 
the 52/55 engine to  be o f  a  considerably m ore com pact and
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bores in  the cylinder liner, so th a t it need no t reach the ho t upper 
p art o f  th e  cylinder liner and , consequently, is n o t in danger o f 
carbonization  o r separa tion  o f  additives.

The inlet and  exhaust valves are installed in cages, so tha t 
they can be replaced w ithout d istu rb ing  the cylinder head. This 
facilitates m aintenance w ork  considerably. Intensive cooling o f 
the exhaust valve seats in the cages perm its reduction  o f  the 
valve seat tem peratures to  a  p o in t w here, in  the case o f  heavy 
fuel oil operation , vanadium  and  sodium  deposits can  be reduced 
to  a m inim um  so th a t th e  period  betw een valve overhauls is 
considerably longer (Fig. 9). C ooling  the cages instead o f  the

F i g .  9— E xh a u st valve w ith coo led  seal
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lighter design th an  its predecessor, the concept o f w hich dates 
back qu ite  a  long time.

T he cross-section o f  the engine (Fig. 10) shows basically the 
sam e design as th a t o f  the 40/54 engine. All proven design features 
have been incorporated . T his also applies to  the articu lated  
connecting  rod , since calculations show ed th a t the ex tra  design 
and  p roduction  w ork involved is balanced ou t as far as the engine 
is concerned by the 12-13 per cent saving in engine length. 
In  a  16-cylinder engine this results in the very considerable 
saving o f  exactly one m etre in engine length w hen com pared w ith 
the design incorporating  parallel connecting rods.

T he seating face o f  the cylinder liner resting on the cylinder 
b lock is positioned by m eans o f  a co llar cast integral w ith the 
liner, so low th a t therm al deform ation o f the upper p a rt o f  the 
liner canno t cause ovality. A t the sam e tim e, the collar perm its 
efficient cooling o f  the liner, in  its ho ttest zone, so th a t the tem ­
peratures a t top  p iston  ring  reversal po in t a re  o f  the order o f 
160°C (320°F).

The w hole cylinder head  a rea  deviates from  the 40/54 
design. T he head itself is constructed  w ith a considerably higher 
degree o f  rigidity  and  has a  relatively th in  low er part. The 
stiffening elem ent, a  double ribbed  cross, is in the upper area 
w hich is no t subject to  high therm al stresses. The in take and 
exhaust valves are  fitted in  cages and  the valve drive has been 
m ade m uch sim pler, again  o f  benefit as regards m aintenance 
w ork  (Fig. 11). O n this engine the fuel and  cooling w ater systems 
have been com pletely separated  from  the rocker arm  lubricating 
oil.

T he w ater inlets and  outlets fo r the exhaust valves are  located 
outside the oil space and  the fuel is led to  the injection valve 
from  the side th rough  the cylinder head and  n o t from  above. 
T his also applies to  the coolan t pip ing for the valve.

Scientific Design M ethods
In  designing new engines, M .A .N . use a  num ber o f  m odern  

m ethods to  select the op tim um  design for highly stressed parts, 
before o r  during  the design stage, and  to  recognize and  elim inate 
any peak  stresses. T hus calculations involving advanced strength 
analyses w ere carried  ou t on  a  com puter, perm itting  the exam ina­
tion  o f  all possible variations w ithin a relatively sho rt period o f  
tim e. T his applies above all to  the deform ation and  stresses o f

3 3 0

the p iston  crow n, the dynam ic load ing  o f  the connecting  rods 
and  th e  too th ing  o f the cam shaft drive. Photo-elastic  exam ination  
was also applied in the design o f  highly stressed areas o f  the 
crankshaft, connecting rod , p iston  crow n and  p is ton  bolts, 
fram e and  exhaust valves (Figs. 12 and  13). T he design o f  the 
in take and  exhaust po rts in  the cylinder head w as based on flow 
investigations. T he design o f  the bearings was based on  theo r­
etical exam inations o f the dynam ic loading and  the m ovem ents 
o f  the bearing pin (Fig. 14). D uring  the testing o f  the experim ental 
engine, the fram e, cylinder head  and  runn ing  gear w ere strain  
gauged fo r stresses.

These m ethods canno t replace tho rough  testing, on the 
test bed and  in p ractical operation , but, to  a  certain  degree,

0 tooo_______________1 1
F i g . 10— Section  view  o f  V V 5 2 /5 5  engine

F i g .  12— P hoto-elastic m o d e l under load—
V V 4 0 /5 4  crankcase assem bly
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F i g .  13— P hoto-elastic test o f  p is ton  crow n—  
V V 5 2 /5 5  engine

V V 5 2 1 55 engine

reduce the testing tim e requ ired  fo r m any parts  and  are  conducive 
to  add itional operating  reliability.

Operating D ata
T he m ost in teresting  operating  da ta  fo r the m edium -speed 

engine are  the fuel an d  lubricating  oil consum ption  rates. Fuel 
consum ption  is 0-34 lb /bhp  h. As is typical fo r fou r-stroke 
engines o f  higher ra ting , these rates apply to  a  very w ide ou tpu t 
range, roughly betw een h a lf  and  full load.

T he lubricating  oil consum ption  ra te  is o f  particu lar im por­
tance to  the econom y o f  m edium  speed engine p lan t, w here it  is 
norm ally higher th an  in a low  speed engine o r tu rb ine  p lant. 
F o r  this reason, it is im portan t th a t all factors affecting this 
consum ption  be carefully m atched. A n econom ic evaluation  
carried  ou t by  M .A .N . show ed, fo r instance, th a t oil consum ption 
o f  ab o u t 0 004 lb /bhp  h  cancels ou t the w hole advantage a 
geared p lan t offers as regards the actual freight costs.

T he lubricating  oil consum ption  o f the tw o engine types is
0 0022-0 0027 Ib /bhp  h  w hich is therefore good. T he larger 
num ber o f engines in service has confirm ed this figure fo r the 
40/54 type over a  fairly long period.

E xhaust tem perature  after the valve, a t full load, is extrem ely 
low a t 380°C (715°F) w hich to  a  large degree is due to  the 
favourab le  a ir ra te  o f  12-6 lb /bhp  h. T he firing pressure is
1 -64 lb /in 2.

M aintenance Problems
In  designing these engines, every effort w as m ade to  facilitate 

m aintenance and  accessibility. T he follow ing is a  b rief description 
o f  the m ost im p o rtan t m easures taken.

The Cylinder Head. E lectrically heated  w aisted  bolts are 
used fo r m ounting  the cylinder head. These bolts have been 
em ployed successfully w ith  th e  40/54 engines. A  new  feature is 
a un it w hich m akes the heating  process m uch sim pler and  safer. 
By m eans o f  th is all eight heating  rods can be connected and 
controlled sim ultaneously.

F i g .  15— In le t and  ou tle t valve rocker arm s—  
V V 5 2 /5 5  engine

T he valve gear m oun ted  on  th e  cylinder head  can  be rem oved 
as a  com plete u n it a fter tak ing  off only tw o nu ts (Fig. 15). The 
inlet and  ou tlet valves are  arranged  in cages so th a t the cylinder 
head  need n o t be d is tu rbed  w hen checking o r overhauling  them . 
C ooling w ater c irculation  fo r each ou tle t valve is ou tside the oil 
com partm ent and  by m eans o f flexible hoses. A fter rem oving 
tw o screws, bo th  cooling  w ater connexions can be taken  off 
w ithout any difficulty. T he cooling  w ater in let an d  ou tle t 
connexions fo r the exhaust valves can be shu t off w ith  a  sim ple 
m anual operation  so th a t the valve can be rem oved w ithout 
having to  d rain  off any o f  the cylinder cooling  w ater. T he 
shut-off po in t can  be m on ito red  w ithou t m uch  difficulty.

O ne o f  the m ost im portan t problem s associated  w ith im ­
proving m aintenance conditions for a fou r-stroke engine is the 
econom ical m aintenance and  rep a ir o f the valve seats. T o  this 
end  tw o new-style valve grinders have been developed.

The Running Gear. T o  w ithdraw  the pistons, the connecting 
ro d  bolts are  rem oved w ith th e  a id  o f  electrical heating  rods. 
P rio r to  pulling  th e  p iston , a  sliding piece is clam ped to  the 
connecting ro d  palm  end w hich then , sim ilar to  a  cam , forces 
the connecting ro d  in to  the  required  position  relative to  the 
cylinder liner so th a t the runn ing  face is p rotected  against dam age 
(Fig. 16). A n attachm en t bo lted  to  the p iston  crow n perm its 
suspension o f  the p iston  either vertically o r a t th e  angle o f 
inclination  o f  the cylinder. W hile tu rn ing  the crankshaft, th is 
a ttachm ent can rem ain  fastened to  th e  p iston . A  screwed in 
guide ro d  perm its careful installa tion  an d  rem oval w ithout 
m uch physical effort. T o  exchange the connecting ro d  bearing 
shells it  is n o t necessary to  rem ove the cylinder head  o r  con­
necting rod . O n the o ther hand, rem oval o f  the p iston/connecting  
ro d  assem bly does n o t d is tu rb  the m ain  bearing.

All m ovem ent o f  the m ain  bearing covers is carried  o u t by 
m eans o f  the engine tu rn ing  gear.

W hen considering the m aintenance required  by various 
p ropulsion  p lants, a  com parison  prepared  by  the Swedish 
shipyard  m entioned earlier m ust be borne  in m ind (see Fig. 17). 
Two 12 0 0 0 h p  p ropulsion  p lan ts w ith an  annual service period 
o f  6000 hours are  com pared, i.e. one conventional p lan t w ith  a  
six-cylinder crosshead tw o-stroke engine an d  th ree seven- 
cylinder auxiliary engines, and  a geared tw in-engine p lan t w ith 
tw o m edium  speed twelve-cylinder vee-engines as well as tw o 
geared generators and  a  p o rt-du ty  D iesel. T here is n o t m uch 
difference in th e  m ain tenance requ ired  by th e  tw o p lan ts; the 
m edium  speed engine p lan t requires ab o u t eight per cent m ore. 
T he custom er fo r w hom  the exercise was carried  ou t selected the 
m edium  speed engine p lan t and  o rdered  13 ships o f th is type, 
w hich have been in  service now  fo r som e years w ith  good 
results. They are bulk carriers o f  the M alm anger class already
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possible to  reduce the tu rbocharger noise to  the level o f  th a t o f 
the engine. C onsequently, the to ta l noise level o f  each type o f 
engine, including the new  one, is below 105 dB (A), m easured 
from  a distance o f  three feet.

I f  special dem ands are  m ade o n  these engines, they can 
also be seated flexibly on their foundations, despite the high 
pow er outpu ts. This results in good dam pening o f  structure- 
borne noise, i.e. hard ly  any o f the engine v ib ra tion  is transm itted  
to  the hull. As an  exam ple the fou r 40/54 nine-cylinder engines 
o f  the D u tch  ferry boat Koningin Juliana  were m oun ted  on 
rubber elem ents, each o f  the fou r units w eighing a  little  less than  
100 tons w hich had  to  be so supported . In  th is w ay it  was 
possible to  reduce the structure-borne noise by a lm ost 30 dB (A).

OVERHAUL PERIODS, SERVICE LIFE AND RELIABILITY
T able III gives particu lars o f the overhaul periods an d  the

M ain  engine: 

Number and  type  
Speed, rev/m in  
O perating time, 
h o u rs /y e a r

1 x K 6 Z  8 6 /1 6 0 E  
118

6 0 0 0

2%.V6V 4 0 /5 4  
4 0 0

6 0 0 0

sm a n -h o u rs /ye a r W 7 6 4 & ,

A u x ilia ry  engines: 

Number a n d  type  
Speed, rev/m in  
O perating time, 
h o u rs /y e a r  
M aintenance timey 
m a n-h o u rs /ye a r

T o ta l p la n t:

M ain tenance tim e , 
m a n -h o u rs /ye a r

3xG 7V23-5 /33m .AL H R 8 V 2 2 /3 0 A T L  
6 0 0  1000

1700  
(standby on ly j

8 3

4 0 0 0

T a b l e  III 
P eriod between 

overhauls (hours)
Service life 

(hours)

Pistons
F irst P iston ring 
Cylinder liners 
Bearings 
O utlet valves 
Injection valves 
E xhaust tu rbochargers

10 000-12  000

12 000 (random  check) 
6 000 (random  check) 
4000-7000 
2000-2500

12 000

30 000-50 000 
10 000-12 000 
30 000-60 000 
approx. 30 000 
12 000-15 000 
15 000-20 000

F i g .  16— R em o va l o f m ain piston

m entioned. In  fu ture  it will be possible to  have a second variation  
w ith  only h a lf  the num ber o f  cylinders, as 52/55 engines are  now 
available, requiring  far less m aintenance.

Silencing
The problem  o f  engine noise is often raised w ith m edium  

speed engines. H ere the tu rbocharg ing  system is the m ain source 
o f  noise. In  the M .A .N . engine effective sound-dam ping treatm ent 
has been applied  a t three points. I f  the com bustion  air, as is 
usually  the case, is draw n from  the engine room , the engine can 
be fitted w ith particularly  effective intake noise silencers. In  
add ition , the volute casing o f  the tu rbocharger has been given 
acoustic treatm ent. Fu rtherm ore , absorp tion  type silencers can 
be m ounted a t the critical points in the charge-air pipes which 
were determ ined during tests. By these m easures it has been

F i g .  17— M ain tenance requirem ents o f  tw o  
m arine engine plants

overall service life o f engines o f  th is type based on actual experi­
ence and  w ear rates m easured. The figures refer to  heavy fuel 
oil operation  and  are  subject to  varia tion  w ithin the lim its 
indicated, depending on the fuel oil quality  used.

Reliability
T he reliability  o f engines w ith a  m ean effective pressure o f 

240-255 lb /in 2 is still som etim es looked upon  w ith scepticism. 
D oub ts o f this na tu re  are p robab ly  due to  experience gained w ith 
engines originally designed fo r low er m ean  effective pressures 
and  th a t were turbocharged  m ore and  m ore highly over the 
years. T he engines described here were designed fo r these, and  
even higher, degrees o f turbocharg ing  from  the very outset. 
The test engines alone have been operated  fo r m ore than  20 000 
hours a t 255 lb /in 2 m .e.p. and , a t tim es, even a t 300 lb /in 2 m .e.p. 
In addition , the experience gained in m arine operation  w ith 
m .e.p. o f betw een 240 and  255 lb /in 2 m ust be considered. The 
com ponents o f the new engine have been designed fo r an  even 
higher m ean effective pressure and  the usual safety factors have 
been allow ed for.

The loads an d  stresses resulting from  the high pressures 
involved can and  m ust be kept w ithin reasonable lim its by the 
engine design. As is well know n, the m echanical loads im posed 
on  the parts  form ing th e  com bustion  cham ber are  sm all when 
com pared w ith the therm al loads caused by the irregu lar tem ­
perature d istribution . These therm al loads, w hich are  due to  
high degrees o f turbocharging, m ust also be absorbed  by an 
appropria te  design, especially since, in large engines, the therm al 
loads, as a rule, cause m ore difficulties than  the m echanical. 
T he fact th a t the design in question has been successful in this 
respect is show n by the tem peratures m easured on the im portan t 
com ponents during operation . Thus, fo r instance, the tem perature  
in the top  piston ring groove is only slightly above 1003C (212°F). 
This is in the region o f  the value m easured on large tw o-stroke 
units. Only 400°C (752°F) were m easured on  the arm oured  seat 
o f  the ou tlet valve. T he tem peratures m easured a t o ther points 
on piston, cylinder liner and  cylinder head are  extrem ely low 
when com pared w ith those o f larger tw o-stroke engines, so tha t 
one is quite justified in assum ing high reliability  and  longer life 
betw een overhauls when com pared w ith  slow  speed engines.

Owing to  the steady increases in size, a  m odern  ship repre­
sents an  extrem ely valuable proposition . I t  is in this context tha t 
particu lar im portance attaches to the reliability  o f the propulsion 
plant.
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Discussion

M r . A . N . S. Bu r n e t t , M .I.M ar.E ., opened  by com pli­
m enting the au th o r on  his p ap e r an d  on  th e  engines p roduced  
by his com pany , and w ent on  to  say th a t if shipow ners w ould  
on ly  carry  ou t the ir m arketing , p lann ing  an d  execu tion  of 
ideas as well as the m edium  speed D iesel engine m an u fac ­
tu re rs, th e  shipping industry  w ould  be m o re  healthy  today.

E very  new  piece o f m ach inery  should  be exam ined in the 
light o f w hat the custom er w an ted  to  buy and  no t just as 
an o th e r m ore  expensive toy , using perhaps fu r th e r unproven  
new  techniques. A  sh ipow ner looking fo r new  ships o f w h a t­
ever size o r type  w ou ld  like to  see th e  follow ing features 
in co rp o ra te d : th e  sm allest m ach inery  space and  the largest 
volum e availab le  fo r  cargo  per deadw eight; th e  low est cost 
per b rake horsepow er o f th e  m ach inery  p lant; a  sim ple 
m ach inery  in s ta lla tion  enabling com pletion  o f the ship in the 
shortest tim e; th e  sim plest p lan t to  opera te , including ease of 
au tom ation ; h igh u tiliza tion  o f all m ach inery  on board; 
excellent m ach inery  reliability; im proved ship availab ility  and  
safety; ease o f m ain tenance , w ith  cheap  and  readily  available 
sp are  parts; low  m ain tenance  costs.

T ak ing  first the m ach inery  space, there  w as no  d oub t th a t 
on th is score alone m ost sh ipow ners w ould  w ish to  use a  
m edium  speed D iesel engine insta lla tion . T he  advantages of 
layou t, as show n in the paper, w ere num erous and , perhaps 
above all, th ere  w as the im portance  o f flexibility and  choice 
o f p ropeller d iam eter and  speed.

T h e  au th o r had  show n th a t there  w as a negligible differ­
ence in price per ho rsepow er fo r a m edium  speed D iesel 
engine p lan t, com pared  to  a  low  speed Diesel o r steam  plant. 
H is com pany  h ad  a lready  show n th a t these insta lla tions w ere 
sim ple fo r cargo  ships, enabling  sh ipbuilders to  profit also 
fro m  this fac to r. W h a t they  h ad  no t indicated  w as w hether 
they  w ere going to  p rov ide  a to ta l package, including m odules 
fo r all th e  necessary auxiliaries, thus m aking  it even m ore 
sim ple fo r th e  sh ipow ner and  the shipbuilder, fo r all sizes of 
ship, and  m ore  econom ical fo r the w hole p lan t.

As fa r  as sh ip  opera tion  w as concerned , the m ain  in ­
gred ien ts o f au to m atio n  (the use of im proved  m easurem ent, 
observation  and  co n tro l system s) w ere sim ple to  inco rpo rate  
w ith m ulti-engined  m edium  speed D iesel in stalla tions. T he 
ship cou ld  leave h a rb o u r w ith in  m inu tes from  cold, and , if 
a  c.p.p. w ere fitted, ship m anoeuv rab ility  in restric ted  w ater­
w ays and  general op e ra tio n  w ere sim ple, e ither from  the 
m achinery  con tro l ro o m  o r from  the bridge. W ith  a  m u lti­
engined p lan t the ship safe ty  and  availab ility  th ro u g h o u t the 
year w as superio r even to  th a t o f a steam ship— one of the 
m ain  advantages p u t fo rw ard  fo r steam  installa tions. M r. 
B urnett had  had  the privilege of operating  a m ulti-engined  
m edium  speed D iesel insta lla tion , and  had  had  experience of 
all these advantages. H e  h ad  personally  achieved fu ll speed 
in 20 m inu tes in such a ship from  an unp rep a red  s ta rt in an 
open  anchorage, and  h ad  opera ted  a tw in-shafted  ship on one 
shaft in o rd e r to  ca rry  ou t m ain tenance  to  engines connected  
to  the  o ther sh a ft as well as to  achieve econom y in fuel a t sea.

O ne o f th e  m ost in teresting  and  valuab le  parts  o f the 
p ap er ou tlined  how  easily elec trical pow er cou ld  be supplied 
by either gearbox  o r engine drives, e lim inating  from  th e  p lan t 
design th e  need fo r ex tra  independen t a lte rn a to rs  w ith  their 
p rim e m overs. E very  D M  spent on any  p a rt o f th e  m achinery  
insta lla tion  m ust be fu lly  justified in service. H av ing  p um p  
and  o ther aux iliary  drives, o r spare  a lte rn a to rs  lying idle a t 
sea w as p o o r u tiliza tion  o f cap ita l. T he  developm ent o f this 
in triguing engine and  gearbox  aux ilia ry  drive w as som ething 
no sh ipow ner could  ignore.

T u rn in g  to  m ain tenance , M r. B urnett said  th a t it  w as in 
th is a rea  th a t the  rea l p rac tica l advances h ad  been m ade. 
H ow  nice it w as to  see design fo r m ain tenance  being really  
practised  instead  o f ju s t ta lked  abou t. N o longer w ere exhaust 
valves aw kw ard  to  rem ove. N ew  cooling techniques fo r the 
exhaust valve assem bly h ad  been evolved, thus reducing valve

seat deposits an d  lengthening the valve overhau l in terval. 
F u e l oil leaks w ere no t allow ed to  im pinge on h o t engine 
parts— im p o rtan t in  u n a tten d ed  engine room s. T he  m ethods 
in co rp o ra ted  fo r bo th  p is ton  and  bearing rem oval w ere 
ingenious and  simple.

T he  au th o r h ad  ind ica ted  in th e  p ap er th a t even the to ta l 
m ain tenance  load  fo r sim ilar ships engined w ith slow  speed o r 
m ulti-engined  m edium  speed D iesel engines ab so rbed  ab o u t 
the sam e m anpow er. H e  h ad , how ever, m ade no reference  to  
availab ility  and  cost o f spare  parts . C ou ld  som e fu rth e r in ­
fo rm atio n  be given on  this?

A no ther u n tried  m ethod  in the m arine  industry , bu t 
extensively used  in th e  aero  industry  o r in ra il trac tio n , was 
the use o f m icrofilm s fo r the m ain tenance  task . T h is sim plified 
the p rocedu re  bo th  a t h ead  office an d  on  b oard  ship. 
N um erous advantages cam e from  this, one o f  them  being the 
ease o f in co rpo ra ting  engine m odifications in to  sh ipow ners’ 
system s, and  fo r keeping licensees, builders and  engine repair 
yards up  to date  w ith m ain tenance  techniques an d  spare parts  
da ta .

A no ther device used by the aero  industry  an d  ra il trac tion  
w as critical p a th  techniques fo r th e  o verhau l o f th e  engine. 
In  designing a  new  engine it w as im p o rtan t to  inco rp o ra te  in 
th e  design n o t on ly  ease o f m a in tenance  b u t the m ain tenance  
m ethods to  be em ployed in service; c ritical p a th  techniques 
w ere a  very im p o rtan t m a in tenance  too l. W ou ld  th e  au th o r 
say w hether his com pany  h ad  developed a critical p a th  
m ethod  fo r m a in tenance  w hich cou ld  be  d is tribu ted  to  
licensees and  to  repa ir yards fo r these new engines?

N oise and  lub rica ting  oil consum ption  w ere m atte rs  o f 
vita l im portance  to  all users. T h ere  w as no  d o u b t th a t in ­
creased  engine ra tings m ean t increased  noise, particu la rly  at 
cy linder h ead  level. I t  w as also w ell know n th a t flexible engine 
m ountings an d  acoustic hoods could  reduce  noise levels, bu t 
involved som e ad d itiona l expense. A  lo t m ore  w ork  needed 
to  be done in this area . W ould  th e  au th o r care  to  explain 
how  he hoped  to reduce  th e  noise level o f his engine?

In  the  paper, th e  lub rica ting  oil consum ption  o f th e  52 /55  
engine h ad  n o t been confirm ed. I t w as ju s t sta ted  th a t it was 
a t an accep tab le  level. W ould  the au th o r deal w ith  th is aspect?

T h ere  w as no  d o u b t th a t a  g rea t step fo rw ard  had  been 
achieved an d  th a t sh ipow ners an d  ship designers w ould  be 
fo rced  to  tak e  no te  o f the considerab le  advantages o f such an 
engine. M ulti-engined  m edium  speed D iesel in sta lla tions had  
com e to  stay . H ow  refresh ing  it was to  h ear a  m an u fac tu re r 
telling th e  industry  exactly  w hat he w as doing and  a lm ost 
exactly  how  he  w as achieving advancem en t in  design— and 
no d o u b t in profits. I f  shipow ners could  on ly  com e o u t in to  
the open m o re  o ften  w ith  in fo rm a tio n  ab o u t their ach ieve­
m ents, difficulties and  m ethods, they  w ou ld  then  have to  
re tu rn  to the ir offices, as M r. L u th e r w ould, to  sharpen  their 
pencils an d  be certa in  th a t they  w ere equa l to  o r be tter than  
the ir com petito rs next year as well as this. H ow  refresh ing  tha t 
w ould  be to  the m arine  industry  a t large.

M r .  P . J . A d o l p h , A .M .I.M ar.E ., em phasizing th a t the 
opinions given w ere his ow n and  no t necessarily those  o f his 
com pany , said  th a t in  the section on  design fea tu res o f the 
4 0 /5 4  engine th e  au th o r h ad  briefly ou tlined  th e  separa te  
cylinder lub rica tion  and  ind ica ted  th a t p rovision  h ad  been 
m ade  to  supply th e  m ain  bearings in the event o f lubricating  
oil fa ilu re . W ould  he give a b rief descrip tion  o f this supply 
arrangem en t and  also ind ica te  w hether it had  been in ­
co rpo ra ted  on  th e  52/55 engine?

G oing  back  to  the separa te  cy linder lub rica tion , the 
au th o r h ad  sta ted  th a t “ the oil is adm itted  fro m  below  so th a t 
it need n o t reach  the  h o t u pper p a rt o f th e  cylinder lin e r” . 
A t first glance th is appeared  to  be a slightly  strange statem ent, 
bu t by th e  “h o t u pper p a r t” he to o k  it th e  au th o r m ean t the 
ac tua l com bustion  zone, and  w ith  the top  ring  set fa irly  well
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dow n on the p iston and  since, on  the 5 2 /5 5  engine, the 
cylinder oil, he believed, w as injected so th a t w hen th e  piston 
w as on b.d.c. the oil en tered  betw een th e  second and  th ird  
rings, on this basis the  design w ould tend to  give a slightly dry 
top  ring , and  thus justify  the au th o r’s sta tem ent. I t  w as no ted  
th a t a  scraper ring  w as fitted  just below  the com pression rings, 
bu t th e  absense of a low er scraper ring  on the  p iston  skirt 
w as no ted  w ith  interest.

W ith  the fitting of ex ternal cylinder lub rica tion— w here 
th e  feed  ra te  could  be m uch  better con tro lled  th an  when 
lub rica tion  w as via the  connecting ro d  and  gudgeon pin—  
once again  th e  possib ility  existed o f using the optim um  
lubricating  oil fo r the  task  involved. O n this type o f engine, 
on heavy fuel opera tion , the requirem ents on crankcase lu b ri­
ca tion  cou ld  generally  be best m e t by an  SA E  30 Supp. 1 oil 
w ith a T B N  o f betw een 5-10 , w hile the cylinder oil req u ire ­
m en ts tended  to  d ic ta te  an  SA E  40 oil o f betw een Series 2 
and  Series 3 detergen t level w ith a T B N  betw een 25-40. H o w ­
ever, all too  frequen tly  the sh ipow ner called  fo r a dual 
purpose oil, generally  a com prom ise of an SA E 30 w ith a 
T B N  20-25, w hich clearly  did no t fulfil the ideal requirem ents 
o f e ither the crankcase or the cylinders. Bearing in m ind that 
a m id-alkaline dual pu rpose  oil w as som ew hat m ore  expensive 
th an  a  low  alkaline Supp. 1 oil, w hether the saving on a 
sto rage tan k  and  the fac t th a t a larger bulk delivery o f one 
g rade  o f oil only  w as requ ired , justified this technical com ­
prom ise w as a very debatab le  po in t, and  he w ould  very m uch 
apprecia te  th e  a u th o r’s views on this subject.

M r . G . B. F r a s e r , M J.M a r.E ., said tha t, co n tra ry  to the 
indications in  the  paper, there  h a d  been a certa in  am oun t o f 
troub le  experienced w ith m edium  speed engines and som e 
difficulty in the ir application  in  ships.

T he  noise level in the engine room s w as so high in som e 
cases th a t ex tra  in s trum en ta tion  w as necessary because the 
opera ting  engineers cou ld  no longer hear. W ould  th e  au th o r 
ca re  to  com m ent on  th e  am oun t o f in strum en ta tion  requ ired  
on  these engines due to  the noise level and  increased speed?

T he  po in t was m ade th a t m ain tenance  could  be carried  
o u t on  one engine w hile the o ther engine, o r engines, w ere 
running . T h ere  again, the noise level and  also the tem pera tu re  
w ere relevant. D id the au th o r seriously consider this to  be a 
p rac tica l p roposition  u nder the conditions th a t w ould  prevail 
in the type  of engine room  described? S tan d ard  ear muffs, 
fo r instance, tended  to  fill u p  w ith persp iration  very quickly 
and  w ere obviously no t designed fo r th is type o f use.

W ith  m edium  speed engines now  considered to  be a 
regular fea tu re  on ocean-going vessels, it w ould  be useful to 
have som e indication  o f w hat “trop ica liza tion” m arg ins w ere 
considered  to be p ractical fo r this type o f engine.

A lso, som e troub le  had  been experienced w ith load  co n ­
tro l system s. H ad  the au th o r any experience of how  they w ere 
being set up, how  th e  flexible coupling, clu tch , gearbox  and 
shafting  losses w ere allow ed fo r in these system s and  also, 
the effect o f p ropeller efficiencies? W hat w ere his views on the 
la ter m ain tenance  and  ca lib ra tion  of th e  load  co n tro l system  
considering th a t neither indicated  n o r b rake  horsepow er w ere 
a t p resen t m easu rab le  on these engines?

If given a  choice, w hat type o f propeller w ould the au th o r 
choose w ith th is type of engine installa tion— fixed pitch, c.p.p. 
variab le  speed, o r c.p.p. constan t speed?

A s these engines w ere situa ted  m uch low er dow n in the 
ship, how  had  the p rob lem  of ventila tion  and  the air supply 
to  th e  engines been overcom e?

M r . P. J. G . M a c k . M .I.M ar.E ., said  th a t the paper was 
concerned  p rincipally  w ith  th e  advantages o f the m edium  
speed engine, w ith  p a rticu la r reference  to  the design fea tu res 
o f th e  engines bu ilt by th e  au th o r’s com pany . H ow ever, in  his 
opin ion m any  of the desirable fea tu res postu la ted  w ere in ­
com patib le  and  in fac t unob ta inab le . F o r  instance, it was no t 
possible to  have sim plicity in engine design and  pack in the 
pow er. A s they  developed, these fam ilies o f engines becam e

m uch m ore  com plicated , to  the ex ten t th a t the m ain tenance  
and  opera tiona l requirem ents becam e m ore  exacting. T h is was 
exem plified, fo r instance, by the need  to  re so rt to  special 
arrangem ents— assorted  pre-stressing techniques fo r bolted  
assem blies, special lubrican ts, m icro-m esh  filters and , he  now  
noted , n o t w ithou t surprise, an  em ergency a rrangem en t to  deal 
w ith fa ilu re  o f the crankcase lub rican t. D esp ite  th e  present 
day  “ fash ionab le  and  ra tio n a l” ap p ro ach  to  design, the  fac t 
o f the m a tte r was th a t these “prov isions” w ere m ain ly  d ic ta ted  
by reduced  safety  m argins. In  the case o f a th in  w alled  b e a r­
ing shell, re lief from  overheating  by w iping no  longer 
ob ta ined  and  fa ilu re  o f such a bearing  m igh t som etim es m ean  
renew al o f the  c rankshaft.

Since 1966, the num ber o f opera tio n a l m ed ium  speed 
engined passenger /veh icu la r ferries h ad  substan tia lly  increased  
and  all n ine passenger ships, a t p resen t build ing fo r B ritish 
registry , w ere to  be driven by m edium  speed engines w ith 
con tro llab le  p itch  propellers. T h is tran sition  h ad  n o t been 
w ithou t o p era tiona l defects and  his personal com m ents, based 
on  shipping casualty  investigations and  floor p la te  survey 
experience, w ere in tended  bo th  as a cau tion  to ow ners’ super­
in tendents and  as a plea to  m an u fac tu re rs  to  im prove the 
necessary reliability  and  safety.

T h e  post-w ar developm ent o f steam  and  D iesel p lan t had  
had  one com m on fac to r, w hich w as the con tinued  increase  of 
fuel ra tings, coupled  w ith  w ide ran g e  rem o te  co n tro l o f p lan t 
ou tpu t. T h e  ex ten t o f the associated  prob lem s w as com m on 
to  bo th  D iesel p lan t and  steam  p lan t, and , oddly  enough , 
som e o f the m ajo r p rob lem s seem ed to  be associated  w ith 
instability  a t low  load  conditions. In  m o d ern  roof-fired  boiler 
p lan t, fo r instance, the fouling of hea t tran sfe r surfaces, the 
burn ing  ou t o f econom izers and  superheaters , an d  th e  penal 
sanctions o f the C lean A ir A cts w ere all p rinc ipally  light-load 
opera tional problem s w hich, even now , did n o t ap p ea r to  
have been fu lly  resolved.

T he  m edium  speed engine likewise w as n o t w ithou t its 
shortcom ings an d  these w ere recognized  by th e  au th o r w hen 
he referred  to  th e  possible lim ita tion  of heavy fuel a t low 
load , and  again w hen the benefits o f th e  com posite  p iston  
designed w ere discussed.

I f  a  h igh  pow ered  D iesel engine w ere to  be coup led  to a 
con tro llab le  p itch  propeller, th e  requ irem en ts o f  th e  fuel 
in jection  arrangem ents w ou ld  be m o re  exacting th an  those 
associated  w ith the sam e engine driving a fixed p itch  p ro ­
peller, particu larly  in the case o f a ship w hich w as requ ired  
to  m anoeuvre  frequently . In  th e  fo rm er case, th e  m achinery  
m ight be requ ired  to o pera te  fo r p ro trac ted  periods a t idling 
speed (in th e  event o f fog  etc) and  to  respond  from  this 
condition  w hen relatively  cold to  a full fuel rack  d isplacem ent 
a t the com m and  o f th e  bridge co m bina to r con tro ls, generally  
operated  by som eone w ith no  com prehension  o f th e  lim itation  
o f m achinery . In  the idling cond ition  it w as desirab le  th a t all 
cylinder fired un iform ly  w ithou t “ coking or tru m p etin g ” o f 
injectors and  so assist th e  subsequent engine response to  load  
an d  acceleration  o f the tu rbob low ers. V aria tions o f  fuel 
pum p p erfo rm ance  a t low  loads m igh t co n trib u te  to  fou led  
injectors and , w hen coupled  w ith fuel rack  and  propeller 
p itch  d isplacem ent ra tes in excess o f th e  tu rbob low er response, 
w ould  p roduce  a tran sien t cond ition  o f p o o r com bustion  and 
after-burn ing . T h is reaction  w as m agnified w hen m anoeuvring  
fro m  ahead  to  astern  o r astern  to  ah ead  w ith ship w ay in 
either d irection  and  m an ifested  itself in  m any  cases w ith 
varying hues o f sm oke at th e  funnel. I t  w as a tran sien t con ­
dition  b u t very im p o rtan t in som e cases. B alancing o f these 
engines a t pow er w as generally  done by adjusting  the fuel 
pum p rack  positions against exhaust tem pera tu res and  m ax i­
m um  cylinder pressures at the expense, perhaps, o f the 
p erfo rm ance  of th e  fuel pum ps a t idling speed. T h e  fuel 
pum ps an d  in jectors fo r each  engine should , therefo re , be 
m atched  and  ca lib ra ted  th ro u g h o u t th e  fu ll rack  range and , 
w ith tw o-stroke  cycle engines particu larly , it m igh t be  neces­
sary to  sacrifice pow er balance to  achieve satisfac to ry  low 
load  operation .
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T here  w ould  also seem to be am ple scope and  a need to 
design the  bridge com binato r con tro ls to  m atch the engine 
characteristics and  to ca te r fo r no rm al service deterio ra tion  
of the engine com ponents; fo r instance, a falling off in tu rb o ­
blow er efficiency. T he previous speaker had  m entioned  ven ­
tila tion  in th e  engine room , th is, from  th e  po in t o f view of 
engine asp iration , being equally  im p o rtan t. T h e  provision of 
boost p ressure a ttenua tion  o f th e  p itch  /fu e l rack  d isp lace­
m en t ra tes  m ight be a necessary refinem ent to  em body in 
fu tu re  con tro l system s. P erhaps the au th o r w ould  care to  
com m ent on this.

A lum inium  alloy  tru n k  pistons in com parison , fo r 
exam ple, w ith cast iron  pistons o f equ ivalen t size, w hen 
operating  under fav o u rab le  conditions, appeared  to  be p re ­
disposed to  scoring o f th e  skirt th ru st faces and  d isto rtion . 
T his defect w as usually  a ttrib u ted  to  in adequa te  lub rica tion  
associated  w ith  th e  design and  cond ition  of the oil scraper/ 
con tro l rings and  possibly w ith the effectiveness of splash 
lub rica tion  a t idling speeds. T he  a lum in ium  alloy tru n k  piston, 
how ever, h ad  a  h igh th erm al conductiv ity , a high p is to n / 
cy linder liner th e rm al expansion ra tio , an unsym m etrical 
cross-section , and  w as m ade o f re la tively  low  m elting po in t 
m a teria l susceptible to  tearing  and  the possible p roduction  of 
incendive sparks— it was no t m any  years since the use of 
m agnesium  anodes in tankers was rejected  fo r the latter 
reason . G iven these physical characteristics and  a  rap id  in ­
crease in heat flux during  m anoeuvring  w ith cold pistons, 
coupled  w ith inefficient com bustion , the in tegrity  o f the 
boundary  layer o f cylinder lub rican t and  the p iston  ring seal 
m ight be im paired , giving rise to  local ho t spots and  tearing  
of the skirts. T he  au th o r appeared  to  be adm itting  to  this 
vu lnerab ility  in term s of his com m ents on cylinder lubricators. 
A ctually , in the event o f to ta l fa ilu re  o f th e  m ain  lub rica tion , 
a trailing engine m ight be stopped  w ith in  seconds by bringing 
the propeller pitch from  the ahead  to  th e  astern  position.

U n fo rtu n a te ly , how ever, the onset o f p iston  seizure m ight 
also only take seconds, during w hich tim e the rap id  generation  
o f oil m ist w ou ld  take  place, w ith the a tten d an t risk o f a 
crankcase explosion. In such circum stances, w here the piston 
coo lan t w as designed to be re tu rn ed  to  the crankcase via an 
open ended orifice on th e  underside o f th e  p iston  head, it 
appeared  th a t, on  accoun t o f the libera l qu an tity  o f lubricating  
oil exposed to  th e  overheated  piston, a rap id  generation  of oil 
m ist in the over-rich  phase m ight take  place and  th a t no t 
un til th e  engine w as stopped  did ignition occur. In  such cases, 
the explosion m igh t be very v io len t and  it w as essential th a t 
the gross areas o f th e  crankcase relief valves w ere considered 
in re la tion  to  the streng th  of the crankcase doors in  add ition  
to  the  gross volum e o f th e  crankcase. T here  had  been cases 
o f crankcase explosions from  such engines w hich w ere p ro ­
v ided w ith relief areas in excess o f existing requ irem ents, 
w here the re lief a rrangem en ts w ere in adequa te  because the 
crankcase doors failed  due to  com bined  buckling o f the 
plating and  shearing of the  fastenings. In  such cases an  oil 
m ist de tec tor m igh t n o t give adequate  w arning. W h a t w ere 
th e  a u th o r’s views on th is aspect o f p iston design; w ere sub ­
division flam e screens con tem p la ted  in the crankcases of the 
new  engines and  w hy w as m on ito ring  of p iston  coo lan t re tu rn  
tem pera tu res n o t considered necessary?

T he  foregoing com m ents w ere re levant to  recen t experi­
ences in m any  different types o f m edium  speed engine 
engaged in the exacting opera ting  cond itions associated with 
the U .K ./C o n tin e n ta l p assen g er/v eh icu la r ferry  services. T he 
shortcom ings referred  to  had  been associated  w ith scavenge 
fires, up tak e  explosions, c rankcase explosions, excessive co m ­
ponent w ear rates, re latively  short-term  therm al fatigue fra c ­
tu res and  even th e  inab ility  o f engines to  accelerate  from  
idling to  load .

G iven the op tio n  o f an  engine tru ly  designed and  bu ilt 
fo r the m arine  environm ent, was this the p rice  shipow ners 
w ere p repared  to pay  fo r having a gallon  in  a  p in t p o t in 
pu rsu it of paper econom ies?

H e m ade  no apology fo r pain ting  such a black p icture

because in so doing one m ight finish up with a light shade of 
grey.

M r . D . R o y l e , B .Sc ., A .M .I.M ar.E ., said  th a t the au th o r 
h ad  qu o ted  w ear m easurem en ts re la ted  to  the 4 0 /5 4  engine 
show ing a  difference betw een average values an d  those 
ob ta ined  on  a particu la r ship using a  fuel o f 1500 sec R e d ­
w ood  N o . 1 a t 100°F . P ho tog raphs o f the pistons w ou ld  p ro b ­
ably have show n their good  cond ition  a fte r long periods 
betw een overhau l.

H is com pany  h ad  recen tly  inspected  the 4 0 /5 4  engines in 
a fe rry  a fte r  10 000 hou rs operation . T he  fuel used w as of 
200 sec R edw ood  N o. 1 a t 100°F , b u t th e  voyages from  p o rt 
to  p o rt w ere o f only th ree hours du ra tio n , so the engines 
w ere subjected  to  a lm ost co n tin u a l load  v a ria tion , w ith  a 
high p ro p o rtio n  of p a r t lo ad  opera tion . T h ere  w ere also 
frequen t stops.

T h e  m ax im um  liner w ear ra te  w as 001  m m /1 000 h— the 
average show n in the paper— and  th e  to p  p is ton  ring  rad ia l 
w ear w as 0'05 m m /1 000 h . T h e  h igher th a n  average piston 
ring  rad ia l w ear w as p ro b ab ly  accoun ted  fo r by  the  type  of 
opera tion  o f the vessel. Pistons taken  from  4 0 /5 4  engines w ere 
invariab ly  very clean  and  p ro b ab ly  th e  use o f separa te  
cylinder lub rica tion  w as a  con tribu ting  fac to r.

T he  au th o r w as very wise to  m ake  som e rem arks c o n ­
cerning the fuel and  lubricating  oil consum ption  ra tes fo r 
m edium  speed engines.

T h e  lubricating  oil consum ption  ra te  of 10  to 1-2 g /bhp  
h w as considered  good, w hereas if  the consum ption  ra te  rose 
to  1-8 g /b h p  h. it w ould cancel ou t the w hole advantage 
offered by a geared  p lan t in  reg a rd  to  th e  ac tu a l fre igh t costs.

E ngine builders qu ite  righ tly  ta lked  ab o u t the lubricating  
oil consum ption  ra te  o f an  engine, w hereas th e  sh ipow ner 
w as m ore  concerned  in the  lub rica ting  oil consum ption  ra te  
o f the vessel. T he  difference betw een these tw o figures w as 
accoun ted  fo r by  losses in th e  use o f au tom atic  centrifuges 
and  au tom atic  filters, bo th  necessary item s w ith  the lean 
engine room  m ann ing  w hich app lied  in m ost ships.

In practice it w ould  seem th a t m any  shipow ners had 
overall lubricating  oil consum ption  rates very near, if no t 
above, 18  bhp  h, b u t it w ould  be ex trem ely  useful to  hear 
som e m ore com m ent on this aspect b o th  from  the au th o r and 
the shipow ners opera ting  m ed ium  speed engine installa tions.

M r . G . G e d d e s , M .I.M ar.E ., re fe rred  to  load  con tro l, 
w hich he regarded  as im portan t. T h e ir experience o f various 
ships w ith  m edium  speed D iesels w as th a t th e re  w as no 
m eans o f checking th e  horsepow er developed, in  any  w ay a t 
all o ther th an  by adjusting  the  cylinders to  su it exhaust gas 
tem pera tu res. T his w as done by adjusting  fuel p um p  racks 
w hen they  go t ou t o f balance o r phase  w ith th e  m ain  con tro l 
fo r th e  racks and  this m ovem ent o f the m ain  rack  con tro lled  
the load  con tro ller o f th e  p ropeller, together w ith  a shaft 
re v /m in  ind ica to r w hich con tro lled  the constan t speed o f the 
engine to  su it sh a ft a lte rna to rs , w hen fitted. C ou ld  the  au th o r 
say how  this system  w as con tro llab le  to p reven t overload  
“com ing b ack ” on to  th e  engine in any  w ay  a t all, bearing  
in  m ind  th a t a  con tro llab le  p itch  p ropeller w as a stan d ard  
m an u fac tu red  p ropeller and  cou ld  pu t u p  to 150 per cent o r 
m ore  “ back on to  the engine” if the p itch  was no t p roperly  
con tro lled?

M r . G . R . P r in g l e , M .T.M ar.E., in a con tribu tion  read  
by M r. A . E . F ran k lin . M .I.M ar.E ., said  th a t th e  au th o r had  
given an  excellent sum m ary  o f the advantages o f th e  tw in 
m edium  speed geared  Diesel drive on b o ard  ship. H e  acknow ­
ledged the con tribu tion  to  this developm ent m ade  by a num ber 
o f sections o f the  industry , including lubrica tion  engineers, 
gearing designers and  con tro llab le  pitch p ropeller m an u fac ­
tu rers. H ow ever, the a rrangem en t w ould  no t have been 
accepted  unless uses w ere identified fo r it. O ne such use was 
in the coastal type o f tanker w here sho rt p o rt tim es w ere
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im p o rtan t fo r the econom ic viability o f the vessel and, th ere ­
fo re , high pum ping  horsepow ers w ere required . A lthough  
these pum ping  pow ers w ere high, com pared  w ith  o ther 
auxiliary  requirem ents, they w ere low com pared  w ith p ro ­
pulsion requirem ents. In  fac t, the  requ irem en t had  generally  
been below  the m in im um  pow er availab le  w hen one m ain  
engine h a d  been insta lled  and , therefore, it h ad  n o t been 
possible to  run  th is engine satisfactorily  in p o rt fo r pum ping 
only. T h e  tw in engine arrangem ent, on th e  o ther hand , p e r­
m itted  one engine to  be ru n  a t an  acceptab ly  h igher p ro p o r­
tion  o f its pow er. H is com pany had  fou r tankers over 5000 
dwt w orking w ith this system  and  a fu r th e r tw o w ere being

Correspondence
M r. R. M. D u n s h e a . M .I.M ar.E ., in a w ritten  con tribu tion , 

sta ted  th a t th e  case fo r the  m edium  speed engine had  by now  
been convincingly established. F ro m  his experience, w hen 
com pared  w ith slow speed engines installed  in  ships as recen tly  
as seven years ago, m edium  speed engines could be less p rone  
to  fau lts than  large tw o-stroke crosshead engines.

P a rticu la r reference could  be m ade  to  crosshead bearing 
failu res, and  the heavy and  exacting w ork  involved in rec ti­
fy ing them , scavenge fires and  their a tten d an t dangers, heavy 
fouling  o f the gas side o f tu rbochargers w ith  resu ltan t loss of 
pow er an d  b u rn t ou t exhaust valves often  a fte r periods o f 
service o f a little  m ore  th an  1000 hours. H e had  experienced 
none of these troubles w ith  m edium  speed four-stroke engines 
using residual fue l o f a  quality  com parab le  w ith th a t used in 
slow  speed engines.

T he  m ed ium  speed engine requ ired  a h igh stan d ard  o f 
m ain tenance  and  cleanliness bu t given these, w as extrem ely 
reliable.

I t  w as fe lt, how ever, th a t the num ber o f cylinders fo r 
m ain  p ropulsion  should  no t exceed 24 if  possible and  th a t 36 
w ou ld  be th e  g reatest num ber. A bove this a m ain tenance  load  
o f excessive p rop o rtio n s w ould  be im posed on th e  average 
engine ro o m  staff.

A ccessibility  cou ld  be unsatisfac to ry  in m edium  speed 
engines. I t  w as pleasing to  know  th a t im provem ents in this 
respect h ad  been sough t in  recen t engines.

I t w as no ted  th a t in the au th o r’s engines heating  elem ents 
w ere used  fo r various tensioning functions. C ould  the au th o r 
give an  idea o f the tim e a fte r heating  th a t cylinder head  nuts 
m ade co rrect p ressure con tac t w ith the head? A n indication of 
the p rocedure, so fa r  as the nu t position re lative to  the cylinder 
head a t the tim e elem ents w ere w ithdraw n, w ould  be ap p re ­
ciated . W ith  am bien t conditions varying, to  w hat accuracy  
could the tension in a stud  be ob tained? A fter experim enting 
w ith hydrau lic  tensioning o f cylinder heads, M r. D unshea had  
found  th a t a pneum atically  opera ted  im pact w rench, w ith 
accura te  harden ing  angles, w as quick  and  satisfactory .

T h e  au th o r had  re fe rred  to  his engines having separate  
cylinder lub rica tion , m aking the p o in t th a t an  oil fo r cylinder 
lub rica tion  could  be better selected. In  th e  case o f engines 
operating  on residual fuel, w here an  alkaline crankcase oil was 
necessary, w ould  the au th o r norm ally  recom m end different 
qualities o f  oil fo r cylinder lubrication  and  the crankcase? 
F a ilu re  o f cylinder lubrication  could  be quickly  disastrous 
in a  highly ra ted  engine and  splash lub rica tion  was a t least a 
sure m ethod  o f lub rication . H ow  accurately  did the lub rica to rs 
on the a u th o r’s engine m eter the oil to  each cylinder? W as 
there sufficient splash lub rica tion  to  avoid  serious overheating  
should  a  lub rica to r to  one cylinder fail?

F inally , he  w ould  apprecia te  having particu la rs  o f the 
tightening procedures fo r the exhaust valve cage studs in  the 
52 /55  engine. H ow  did the stress vary  in the cage and  the 
studs betw een the cold  and  runn ing  conditions?

M r . J. B. H il l , B.Sc., M .I.M ar.E ., w ro te  th a t as the 
au th o r had  poin ted  ou t, there  w as no th ing  new  in the ap p lica­
tion of m edium  speed engines fo r m ain  propulsion  purposes;

built. E xperience in these ships h ad  show n the need to  fit a 
shaft b rake, to  p reven t undesirab le  ro ta tio n  o f the c.p. p ro ­
peller w hen the  p ropeller w as fea thered , caused by drag  in 
the clutches.

W ith the com ing o f th e  1000 b h p /c  engine, o f w hich the 
5 2 /55  m odel w as such an a ttrac tive  exam ple, they  cou ld  look 
fo rw ard  to  an increasing num ber o f la rger tw in engine in ­
stalla tions. Such installa tions w ould  be p a rticu la rly  su itable 
fo r the rep lacem ent o f th e  20 000-40 000 dw t tan k ers  presen tly  
engaged in p roduc t m ovem ents and  crude  tran s-sh ipm en t, bu t 
w hich w ere originally  built in the 50s as c rude  carrie rs  and 
w ere n o t ideally  suited fo r their p resen t em ploym ent.

indeed his com pany  h ad  been developing this m eans of p ro ­
pulsion in parallel w ith their slow speed engines, since before 
the Second W orld  W ar.

P articu la rly  in teresting  early  geared  installa tions w ere 
those installed in the G erm an  pocket battlesh ips and  a series 
o f fas t cargo-1 iners, som e o f w hich w ere to  p rove  th e  reliability  
o f m edium  speed m achinery  by rem ain ing  at sea fo r long 
periods, as com m erce raiders.

Post-w ar interest in geared insta lla tions w ould  appear to  
have been ra th e r inconsistent, various shipow ners having 
fav o u red  geared  drive at one tim e o r ano ther, only  to  revert 
to  d irect drive in  la ter tonnage.

I t  w as co rrec t to  say  th a t recen tly  th ere  h a d  been an 
upsurge in  interest, particu larly  in th e  case o f ferries an d  ro ll­
o n /ro ll-o ff  ships, bu t the percen tage o f o th e r m o to r vessels 
having geared installations rem ained  com parative ly  small.

O ne suspected th a t sh ipbuilders and  nava l arch itects were 
largely responsible fo r the a lm ost un iversal adop tion  o f geared 
drive in ferries and  sim ilar craft; designs being such th a t no 
o ther type of engine cou ld  possib ly  develop the pow er 
requ ired  and  fit in to  th e  space availab le .

T he  cu rren t in terest in m edium  speed engines fo r 
freighters was undoub ted ly  because of the large horsepow ers 
requ ired , w hich necessita ted  th e  sh ipow ner hav ing  to  choose 
betw een m am m oth  d irect drive engines, m edium  speed engines 
and  tu rb ine  m achinery .

E xpressing a  personal op in ion , it w as suggested th a t fo r 
horsepow ers above 28 000, th e  m ost a rden t suppo rte r o f the 
in ternal com bustion  engine, m igh t be forgiven fo r tak ing  a 
serious look a t th e  steam  tu rb ine .

O ne arrived  a t th is conclusion, n o t because o f  lack  o f 
m erit in the design of e ither the d irect, o r geared  drive D iesel, 
bu t sim ply because of the m anpow er involved in  m ain ta in ing  
huge Diesel engines, o r m ulti-cy linder units.

I t  had  been contended  in the paper th a t a  tw o-year 
period  betw een piston overhau ls m ight be expected  fro m  the 
latest vee-engines. Past experience w ould  suggest th a t this 
hard ly  seem ed possible, b u t assum ing it to  be feasible , one 
had  no t really  gained  any  advan tage  over th e  la test slow 
speed engine, w hich, w ith less th a n  h a lf  the num ber o f 
cylinders, was also said to  be capab le  o f runn ing  fo r tw o 
years betw een piston overhauls.

P ractica l experience w ith  geared  insta lla tions indicated  
th a t piston m ain tenance  o f m edium  speed engines occupied 
alm ost as m uch  tim e per piston, as the overhau l o f  large bore 
pistons, w hilst a tten tion  to  inlet and  exhaust valves was 
appreciab ly  m ore  tim e consum ing, as fa r  as the sm aller 
engines w ere concerned.

In  support o f this argum ent, he was ab le  to  offer som e 
figures based on a num ber o f years experience w ith a series 
o f vessels, som e gear driven and  o thers fitted w ith d irect drive 
Diesels o f ab o u t the sam e horsepow er.

D irect D rive  G eared  D rive  
A verage daily  repa ir costs £56‘00 £94 00
A verage daily  cost o f lubricating

oil £6-00 £15-00
O ne accepted  th a t m any  im provem ents had  been m ade to
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m edium  speed engines since those used in  this illu stra tion  
w ere constructed , b u t it m ust also be acknow ledged th a t there  
h ad  been sim ilar advances in design an d  efficiency o f the 
slow speed engine.

T he  lubricating  oil costs he h ad  qu o ted  underlined  a 
d istinct d isadvantage from  w hich th e  m edium  speed trunk  
p iston  engine h ad  long suffered. L ubrica ting  oil consum ption  
figures given in the paper w ere reasonab le ; could  they  be 
regarded  as average over th e  life o f th e  engine, o r w ere they 
test bed figures w hich cou ld  only  be m ain ta ined  by m eticulous 
a tten tion  to  scraper rings, bearing  clearances etc?

R everting  to  the first section  o f th e  paper one read  w ith 
in terest the m any  reasons advanced  fo r preferring  geared 
installations to  d irec t drive. W hilst space did no t perm it 
exam ination  o f m ore  than  a  few  o f the argum ents, one could 
no t re fra in  fro m  observing how  leading advocates o f bo th  
geared  and  d irec t drive installa tions h ad  been ab le  to  em ploy 
m uch  th e  sam e in fo rm ation  to  p rove  the ir respective types of 
m achinery  w ere superior to  th e  o ther.

W eight and  space considerations w ere p robably  the m ost 
com m on g ro u n d  u p o n  w hich th e  tw o sides did b a ttle  and  
w hen one  a ttem p ted  to  look a t th e  fac ts im partia lly , it was 
h a rd  to  decide w hich type o f insta lla tion  had  th e  advantage.

T h e  au th o r had  po in ted  ou t th a t the w eight o f the 
m edium  speed p lan t w as considerab ly  less th an  th a t o f o ther 
p lants, yet o th er au tho rities h ad  dem onstra ted  th a t the all-in 
w eight o f a d irect drive insta lla tion  m ight be only ab o u t 25 
per cen t m ore  th an  m edium  speed m achinery  o f co rresponding  
pow er. A dm itted ly , this difference could  am o u n t to  as m uch 
as 400 tons in a large in s ta lla tion , bu t w as this figure a really  
significant fac to r, in  deciding w hether a  large bulk carrier 
(say 60 000 dw t) w ou ld  have to  use a graving dock, o r a 
floating dock?

H eight, he agreed, w as im p o rtan t in certa in  specialized 
c ra ft, bu t no t a deciding fac to r in bu lk  carriers, tankers and 
m ost types o f cargo  vessel.

N either type o f  m ach inery  w ould  appear to  have the 
advan tage  as fa r  as installed  length w as concerned , the 
au th o r’s com pany  claim ing a reduction  of one, o r tw o m etres, 
using an  epicyclic gearbox , w hilst th e  d irect drive enthusiasts 
produced typical m achinery  layouts show ing engine room  
length reductions o f a sim ilar o rder fo r the ir m achinery .

In reality , e r e  w ondered  w hether the trend  tow ards ever 
shorter engine room s w as no t an  em barrassm en t w hen it 
cam e to  finding space fo r large gearboxes in the narrow est

p a r t o f the engine room .
T h e  au th o r h ad  la id  som e stress upon  the advantages o f 

being ab le  to  drive genera to rs, cargo pum ps etc, th ro u g h  the 
m ain  gearbox . T h e  a ttrac tio n s o f adop ting  th is m eth o d  o f 
aux iliary  drive w ere obvious, b u t it should  be b o rne  in  m ind  
th a t in  so doing one p u t a lm ost all one’s eggs in one basket, 
in so fa r as the  in teg rity  o f th e  gearbox  was concerned . T here  
was also th e  h aza rd  o f  c lu tch  troub le  to  con tend  w ith. As 
difficulties in this respect w ere by no  m eans unknow n, cou ld  
the au th o r give som e details o f the type o f c lu tch  w hich 
w ould be used fo r the  app lications illustrated?

T he  use o f  m ain  propu lsion  m ach inery  in p o rt, to  drive 
auxiliaries, m ad e  one w onder how  tim e was fo u n d  fo r rou tine  
m ain tenance  an d  w hether it w as realistic, fro m  the noise po in t 
o f view, to  expect staff to  c a rry  o u t overhauling  w ork w ithin 
a few  feet o f an  engine ru nn ing  a t  n o rm a l speed.

In connexion  w ith m anoeuvring , the possibility  o f runn ing  
one engine ahead  and  th e  o th er astern  w as advocated , to 
fac ilita te  rap id  changes in d irection  o f p rope lle r ro ta tio n . T his 
p roposal h ad  been m ade  m an y  tim es by m an u fac tu re rs  o f 
geared  m achinery , bu t he h ad  yet to m eet a chief engineer 
w ho favou red  the  suggestion. W hen m anoeuvring  in  th is w ay 
there  w as an ever p resen t danger o f acc iden tally  declutching 
an engine w hich w as developing fu ll, o r nearly  fu ll, pow er. 
T h is could  resu lt in serious overspeeding o f a light m edium  
speed engine, unless th e  governo r w as in s tan taneous in  its 
action , and  one w ondered  if  th e  a u th o r’s com pany  had  d e ­
veloped a governing system  w hich could  ca te r fo r th is p o s­
sibility  o f  sudden load  shedding, o r w as there  a  system  of 
in terlocks w hich preven ted  such an even tuality?

T he  criticism s o f geared drive installa tions m ade  in this 
con tribu tion  w ere no t in any  w ay in tended  as d irect criticism s 
of the  la test V V  engine, w hich M r. H ill considered  as one of 
the best o f  its type availab le . F ro m  the design and  m a in ten ­
ance po in t o f view  the builders h a d  taken  m ax im um  advan tage  
o f the ir very extensive research  and  test facilities and  had  
evolved som e particu la rly  ingenious devices to  a id  th e  m arine  
engineer in his m ain tenance  w ork.

T he  a u th o r’s com pany  h ad  expressed hopes o f  being able 
to  establish  the m edium  speed engine in the  field o f bulk 
ca rrie r and  tan k e r p ropu lsion , and  obviously  m uch  in terest 
w ould cen tre  upon  w hether this excellent heavy fuel burn ing  
engine could  succeed, w here o thers h ad  failed , in ousting  the 
d irect drive D iesel from  its p red o m in an t position .

Author’s Reply
D ipl. Ing. L uther, in reply, thanked  M r. B urnett fo r his 

rem arks, w hich indicated th a t M .A .N . were on the right lines 
w ith the m edium  speed engine.

O ne o f Mr. B urnett’s questions concerned the possibility o f 
delivering to ta l packages. T he com pany was developing proposals 
for a package deal th rough  a  special group. I t  was necessary, 
especially in regard  to  m edium  speed engines, th a t such com plete 
installations could be offered to  shipyards and  owners.

W ith regard to  availability  o f  service, speaking fo r his own 
com pany and  fo r o ther m edium  speed engine producers too , 
there was a w orld-w ide netw ork  o f  service stations, including the 
licensed com panies, w here all parts  subject to  w ear were avail­
able. I t seemed to  be sim pler to  carry  the sm aller parts, w hich 
were easier to  handle  and  to  store  ab o a rd  ship th an  in the case o f 
slow speed engines.

T he proposal for utilizing microfilm s for m aintenance duties 
w as very interesting and  w ould  be closely exam ined by the 
com pany. Its adop tion , o f  course, w ould  require m atched 
organizations used by bo th  the engine m anufactu rer an d  the 
ow ner.

T he critical p a th  m ethod  had  already been em ployed by the 
au th o r’s com pany fo r the design, developm ent and  construction

o f new engines, bu t no t fo r the p repara tion  o f  m ain tenance plans. 
H owever, the p roposal undoubted ly  was o f  interest, especially 
to  the engine operator.

W ith  regard  to  the coun ter m easures against noise, he had 
m entioned this in the paper. I t depended a little on  the m ake o f  
turboblow er. Som e turboblow ers were noisier th an  others. 
The com pany  had  m ade various m easurem ents and  had developed 
insulation  and  dam ping fo r the different parts. The m ain noise 
source w as the w hole a ir arrangem ent o f  the engine, the air 
suction and  delivery piping, n o t only the blow er, bu t also the 
cooler and  the m anifold. These w ere the po in ts a t w hich the 
noise dam ping coun ter m easures had  to  be applied. T his also 
answ ered one o f  M r. F raser’s questions.

In  the case o f  the new and  bigger engine, 52/55, there  were 
the restrictions o f  the G erm an equivalent o f  the B oard o f  T rade 
to  be considered. W ith this in m ind a  noise level o f  103 dBa was 
attained.

T he lubricating  oil consum ption  was given in  the paper only 
fo r the sm aller 40/54 engine, b u t so fa r th e  sam e consum ption  had  
been m easured fo r th e  bigger type, 1 0 to  1 -3 g /bhp  h.

W ith regard  to  M r. R oyle’s con tribu tion , in th is sam e 
context, there was only one case w ith the 40/54 w here this figure
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was exceeded, and  there were special reasons on  the engine for 
this. In  all o ther cases they had  1 -2 to  1 -3 g, w ith m edium  speed. 
These figures applied only to  the engine consum ption  itself. 
He concurred  tha t, apart from  the engine there were still a 
num ber o f  opportun ities for lubricating oil losses, which M r. 
Royle had already ennum erated . Tim e and  again the com pany 
had  received higher consum ption figures from  various ships and, 
after close exam ination  noted, that losses outside o f  the engine 
were the cause for excess consum ption. In  this respect inspection 
and care by the sh ip’s crew were considerably lacking in some 
instances.

Mr. A dolph had asked abou t cylinder lubrication. There 
m ust be a m isunderstanding in this case. The au th o r had stated 
tha t, in the event o f failure o f  the oil pressure supply to  the 
engine and  thus the engine bearings, a  separate cylinder lubri­
cation  system driven by the engine served as an additional safety 
factor, so th a t a t least the pistons w ould be supplied with 
lubricating  oil whilst the vessel was slowing down. F rom  Fig. 10 
it could be seen tha t the cylinder lubricating oil cam e in from  the 
bo ttom , th rough  the liner wall. The oil inlet in the liner was not 
betw een the second and  th ird , bu t between the first and  second 
rings and, in the 40/54 and  the bigger engine, they had  no t found 
too  great an am ount o f  w ear on the first p iston  ring o r any signs 
o f  too  little lubrication .

W ith regard  to  the type o f  lubricating oil, they w ere using 
the so-called m ild alkaline oil, n o t the high alkaline oil, w ith a 
TBN  o f  20/25. It had  been found, together w ith som e oil com ­
panies, in tests on  the com pany’s test bed and in longer tests in 
several ships, th a t there were advantages regarding ash deposit 
and  in  connexion w ith low er w ear if this oil was used.

M r. F raser had  asked ab o u t noise. A  very interesting 
com parison had  been m ade on  the M .A .N . test bed. The noise 
o f the new m edium  speed engine and  th a t o f the new crosshead 
engine were m easured, and  in  the vicinity o f the blow er, the 
noise w as exactly the sam e in each case. W ith  the crosshead 
engine the noise source a t the engine top  was m uch closer to  the 
crew o r passenger accom m odation than  w ith the low height, 
m edium  speed engine.

The idea o f  overhauling the engine while one o r several 
o th er engines were still in operation  in  the engine room  was no t 
particularly  his com pany’s, as engine m anufacturers. They did 
know  som e large shipping com panies considering the inclusion o f 
such an  arrangem ent in to  the operational tim etable o f  their 
vessels, a t the very outset.

W ith regard  to  precautions in service under trop ical con­
ditions, norm ally the ou tp u t o f  the M .A .N . engines did no t 
have to  be reduced, because the a ir cooler was already designed 
fo r these conditions. A tten tion  had to  be given to  the tem perature 
o f  the cooling w ater fo r the a ir coolers. It was well know n that, 
w ith m oderately high hum idity , together w ith very low cooling 
w ater tem peratures, the am oun t o f  condensing w ater in the air 
ducts could be too  high and  could cause difficulties, and although 
the a ir  tem perature  had  to  be m aintained a t a  certain  level and 
had  no t to  be too  low, th is was an  im portan t po in t in tropical 
conditions.

L oad  distribution , according to  his com pany’s experience, 
did n o t represent a p roblem  fo r m ultiple engine plants. In  such 
cases they w ere using speed governors set precisely and evenly 
to  the speed d rop  and  the speed set-point. O f course, there would 
be m ore costly and  com plicated solutions. However, the arrange­
m ent ju s t referred to  had always proved to  be satisfactory for the 
large num ber o f  tw in-engine plants equipped w ith their engines.

W ith regard to  the question concerning a variable o r fixed 
pitch propeller, the engine builder w ould seem to indicate a 
preference fo r the variable pitch propeller, but it was no t abso­
lutely necessary because the engine was reversible; in the case o f 
m ulti-engined p lan t it was advantageous to  have a  variable 
pitch propeller because it was easier to  adjust the ou tpu t o f  one 
engine only in relation  to  the propeller conditions.

As to  ventilation o f  the engine room , this was no different 
in the m edium  speed engine from  the o ther engines. As far as he 
knew— and this applied to  a large num ber o f p lants equipped 
w ith their engines, as well as w ith those o f o ther m akes— there 
were no problem s w ith engine room  ventilation in m edium

speed plants. They had  alw ays placed great em phasis on leading 
the fresh a ir supply close to  the engine tu rbochargers by m eans 
o f  ventilation ducts. Needless to  say, these ducts w ould no t be 
arranged too  close to  the tu rbocharger in takes, since instances 
had happened where, in heavy seas, sea w ater was also sucked in 
by the engines.

The engine builders were given the specifications and  to  
date there had  been no claims from  the shipyards, in this 
connexion.

Mr. M ack had  m ade a num ber o f  criticism s. H e did no t 
know  which was the bad engine o f which M r. M ack had had 
experience and felt sure it was no t a M .A .N . product. C ertainly 
he did no t th ink  it could be o f  the new er type, because som e 
points m entioned by M r. M ack could no t relate to  these engines. 
There had been difficulties with several ships o f  British R ail, but 
he could com pare w ith this the very good results w ith a  C hannel 
ferry ship w ith m edium  speed engines o f  the type 40/54, on 
nearly the sam e route. But there was a  big difference between 
these tw o engine types. The form er w ere m edium  speed two- 
strokes and  the latter m edium  speed four-stroke engines and 
there m ust be som e reason why m ost o f  the m edium  speed 
m anufacturers had  chosen the four-stroke cycle.

M edium  speed and  tru n k  p iston  engines were n o t so 
insensitive to  any kind o f  heavy fuel as the big slow running, 
tw o-stroke engines. O n the o ther hand , according to  the oil 
com panies, as m uch as 90 per cent o f  big tw o-stroke slow speed 
engines were running on fuels o f  no t m ore than  1500 sec R edw ood, 
an d  here the conditions were nearly  equal.

M r. M ack had  also b rought up  the subject o f  prolonged 
operation  a t low loads an d  speeds. U nder such operational 
conditions the injection pum p w ith tw o plunger sizes, used for 
the 40/54 engines proved very satisfactory. F o r  instance, in the 
case o f the M almanger class bulk carriers, the pow er fo r the 
M unk loaders required  in p o rt was supplied by th e  m ain engines 
th rough  gear-generators, w ith the pow er requirem ent am ounting  
to  only one-sixth o f  full engine perform ance. Beyond tha t, fo r 
the larger m edium  speed engine, they had  now  developed an 
injection pum p w ith only one plunger, by m eans o f  which, due 
to  a  special design in  the injection system follow ing it, excellent 
conditions could also be a tta ined  a t low  loads an d  speeds.

Engines had  been delivered fo r 13 bu lk  carriers— 26 engines— 
and  all these bulk carriers had  generators and  w ere using them , 
in  m ost cases, in  h a rb o u r fo r loading and  unloading. This 
m eant tha t the engines were runn ing  w ith m ean effective pressure 
o f  3-3} kg/cm 2. D epending o n  h a rb o u r conditions, this could 
last from  24 to  48 hours, som etim es w ith heavy fuel, but 
norm ally w ith D iesel fuel. The results w ere good. M aybe one 
reason was tha t here they used, on the 40/54, the double plunger 
injection pum p, w hich delivered an  exact am oun t even w ith very 
sm all loads and  very sm all am oun ts o f  fuel.

The problem  o f  a  d ro p  in tu rbocharger perform ance 
prim arily  occurred w hen using low grade fuels and  was quite 
well know n to  his com pany. W ater w ashing the tu rbocharger 
on the tu rb ine side represented an  effective rem edy fo r this. 
In  tu rbochargers o f  different m akes this practice had  already 
been followed for som e tim e. It was very im p o rtan t tha t, for 
this w ashing equipm ent, all requirem ents regard ing  operational 
safety, such as self-cleaning due to carbonization , should  be 
taken  in to  account. In this respect they had  gathered a  lo t o f 
experience in the past.

The alum inium  piston, o f  all sizes, now adays represented 
an  elem ent, w hich had  proven itself over decades. P iston 
seizures— irrespective o f causes— were possible, w hatever m aterial 
they were m ade of, and  the resulting dam age was m ore o r less 
equally serious. T heir build-up p iston  had  the advantages 
already m entioned, as com pared to  the pure alum inium  p iston ; 
am ong o thers there was prim arily  the advantage o f considerably 
low er running surface tem peratures, as well as the fact that 
difficulties in the ring a rea—w hatever the na tu re— w ould not 
cause an  undesirable tem perature  increase in the alum inium  
p iston skirt.

In principle their engine crankcases were divided into 
sections. H owever, they were provided w ith fairly sm all recesses, 
necessary to  accom m odate the crankcase bearing covers. The
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com pany was, o f  course, fitting crankcase doo rs o f  sufficient 
strength , w ith relief valves approved by the classification societies, 
and  screens fo r deflecting the flames to  the bottom .

H e thanked  M r. Royle fo r his com m ents, especially in the 
con tex t o f  lubricating  oil consum ption  and  cylinder lubrication. 
As already m entioned, 1 -8 g was an  exception in M .A .N . engines.

M r. G eddes had asked abou t m easuring ou tpu t, and  he 
could  confirm  th a t in the case o f  h igher speed engines it was 
difficult, if  no t nearly im possible, to  draw  up  a  d iagram , and  
the o u tp u t could only be checked by m eans o f  fuel adm ission, 
exhaust gas tem perature, blow er pressure and  blow er speed. 
T he overload could be locked an d  it w as im possible then  to  
em ploy higher loads.

W hen using variable p itch  propellers a protection  device 
against overload was prov ided  fo r all m odern  con tro l systems 
by the m anufacturers o f  such propellers. The propeller pitch 
w ould be contro lled  in dependence on  the engine load  and, 
w hen the engine w as overloaded, the propeller pitch w ould be 
reduced correspondingly.

H e w as grateful for the interesting con tribu tion  from  
M r. Pringle. I t  was very useful fo r the engine ope ra to r to  know  
ab o u t the special conditions in the sm aller tankers.

As m entioned  already, there were definite possibilities for 
the m odern  m edium  speed engines to  drive generators for 
loading an d  unloading  in po rt. This applied, to  an  increasing 
degree, to  tan k er p lants, since in  this case the ra ting  required  for 
the cargo oil pum ps com pared  favourably  w ith the overall 
engine rating .

M r. D unshea 's  rem arks, likewise, were o f  great interest. 
R egarding the questions in connexion w ith the heating bars for 
the cylinder head bolts, first the cylinder head nu ts were tightened 
by hand  and  w ithout using a  spanner. Then the bo lts were 
heated by the heating  bars and  a fter a certain  tim e— set on an 
electric tim ing clock on  the term inal box— had elapsed, the 
current tu rned  off autom atically . T hen the nu ts were turned 
th rough  a  specified angle m arked  on  the face o f  the cylinder 
head to  the prescribed degree, and  after a  cooling period  o f 
approxim ately  30 m inutes, the cylinder head  bolts w ere fully 
prestressed. D uring  this period, o f  course, all th e  necessary 
connexions to  the cylinder head  could be m ade. U ndoubtedly , 
an hydraulic o r pneum atic  prestressing device fo r these bolts 
w ould, in  principle, be feasible. H ow ever, these devices had 
certain  disadvantages com pared w ith the electric m ethod, since, 
in view o f  the size o f  the bolts, it w ould be relatively heavy and  
require quite som e space.

The au th o r adm itted  th a t in  m ost cases on  b oard  a ship 
em phasis was placed on using only a single type o f  lubricating 
oil fo r cylinder lub rication  an d  the gear. T he m etering and 
d is tribu tion  o f  the cylinder oil quan tity  fo r the individual 
lubricating  po in ts was precise, since each lubricating  po in t was 
supplied by a  separate sm all p lunger in  the oil pum p. M oreover, 
especially in  the case o f  the m edium -speed engines, the injection 
oil quantity  supplied from  the drive gear was am ple since, due to  
the low  speed required  fo r the fixed pitch propeller installation, 
add itional injection nozzles were used.

T he heat expansion o f  the exhaust valve cages, w hich was 
n o t inconsiderable, w ould be absorbed  by long an d  elastic 
expansion bolts designed especially fo r this purpose.

T he au th o r thanked  M r. H ill fo r his very detailed con tribu ­
tion , w hich m ainly related  the doub ts o f  an advocate o f  low 
speed engines. M r. L u th e r’s com m ents were no t m eant to  
dem onstrate  the superiority  o f  the m edium  speed engine in 
every field, bu t to  show  the reasons w hy it had  becom e m ore and 
m ore popu lar in shipping and  probably  w ould continue to  do so. 
O f course, fo r bo th  types o f  p ropulsion  system  as well as fo r the

steam  and  gas turbine, advantages and  disadvantages could  be 
ennum erated , w hich very largely depended on the in tended use, 
i.e. on the type o f  the vessel, sh ipping rou te  and  m any o th er 
factors. This was no t the least significant reason, why his com ­
pany had included bo th  engine types in its p roduction  program m e 
and  continued  to  develop them .

The w ear values w ith their built-up  piston design, dependent 
on the fuel quality , m ade a p iston  overhaul period o f  tw o years 
quite feasible, if  only because o f  the long life o f  the hardened  
piston ring grooves. Even if the m edium -speed p lan t were only 
equal in this respect there were still o ther points in its favour.

It was certainly correct, if  M r. H ill was saying that, since 
his inquiries regarding repair costs, progress had  been m ade. 
However, the au th o r  po in ted  ou t th a t in his p resen ta tion  neither 
the higher lubricating  oil consum ption , n o r the higher m ain­
tenance costs were questioned. The form er could no t be denied, 
yet could be kept w ithin reasonable lim its by ap p ro p ria te  and  
constructive m easures. A s clearly sta ted  in the p resen tation , the 
la tte r could be pu t on to  a  sim ilar basis by fully utilizing the 
geared p lant, as w ith a low speed p lan t. In  add ition , a tten tion  
was draw n to  th a t p a rt o f  the p resen ta tion  w hich dealt w ith 
the operating  figures o f  the M .A .N . m edium  speed engines. 
H ere it was dem onstrated , tha t engines o f  the 40/54 type in  actua l 
service show ed the quoted  lubricating oil consum ption  values o f 
1 0 to  1 -3 g /bhp  h over a  longer operating  period. This still 
applied even a t present, a fter operating  periods o f  ab o u t o r 
m ore than  20 000 hours had  been recorded fo r several tw in-engine 
plants.

H e did no t know  w hich m edium  speed p lan ts M r. H ill had 
used for his w eight com parison, show ing these to  be lighter by 
only 20 per cent. All the com parisons, w hich his com pany had  
m ade w ith its engines, o f  bo th  types, show ed an  entirely different 
picture. F o r instance, a  com parison  fo r a 35 000 hp  p lan t, w ith 
clutches and  gear included, show ed :

crosshead 
plan t 

1265 t 
35-2 kp/hp

Single-shaft Tw in-shaft
m.s. 

p lan t 
443 t
12-3 kg/hp

crosshead 
p lan t 
2 x 1200 t 
35-2 kg/hp

m.s. 
p lan t 
2 x 461 t 
12-8 kg/hp

Difference in w eigh t: 822 t Difference in w eigh t: 739 t

O f course, the height o f  the engine was n o t decisive in all 
cases. H owever, it was im portan t in, fo r instance, con ta iner ships, 
since in there the auxiliary engine room , w orkshops and  storage 
room s were situated  above the m ain  engine, leaving add itional 
cargo space, lengthwise, fo r containers. A  com parison  o f  20 ft 
con tainer capacity  fo r a  given size o f  ship and  a  c.s.r. o f  40 000 hp 
show ed :

Steam  plan t 
1600

C rosshead p lan t 
1546

m.s. p lan t 
1676

R egarding sudden uncoupling  o f  a  potentially  loaded 
engine, this applied  also to  sta tionary  generato r opera tion  in 
pow er stations, where under som e circum stances, sudden 
un loading o f  the generator could  occur a t full load. Since 
M .A .N . m edium  speed engines were also  sold for such sta tionary  
operations, there was available, in case o f  overspeed, a  quick- 
acting shut-dow n device, independent o f  the fuel con tro l system, 
which could also  be used fo r m arine engines, provided they were 
equipped w ith a  coupling, w hich could be disengaged while they 
were in operation .
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Related Abstracts
Torsional Vibration in Marine Transmission Gear

T his paper is no t p roposed to undertake  a com prehensive 
analysis o f all the p rob lem s under this head; it m erely seeks to  
call a tten tion  to the conditions th a t ensure the co rrec t in te r­
action  o f gear w heels in the sphere o f the app lication  o f 
too thed  gears an d  elastic couplings in  m arine  transm ission 
systems. T he  increasingly  frequen t app lication  o f m edium  
speed, non-reversing pow er p lan ts in  m arine  propu lsion  
system s entails the use o f reduction  gears in  the case o f con- 
tro llab le-p itch  p ropellers an d  reverse reduction  gears in  the 
case o f  fixed p itch  propellers. T he  transm ission system  is 
liable to to rsional v ib ra tion , to  w hich gear w heels are  
particu la rly  responsive. A lthough  the classification societies 
stipu la te  th e  perm issible stress levels th a t m ay  accrue from  
to rsional v ib ra tio n  in  transm ission shafting , they  m ake no 
regulative references to  e ither m ain  or aux ilia ry  gearing. T he 
app lica tion  o f  an  elastic coupling in  a geared  transm ission 
system  can  substan tia lly  am plify  the flexibility o f the w hole 
system , w hich encourages a  reduction  in the  frequency  o f free 
v ib ra tions. R esonances w ith low  node v ib ra tion  harm onics 
detrim en ta l to  th e  system  occur a t tim es o f  low  engine speeds, 
b u t the stresses in  the shafting  are  w ell w ith in  those perm is­
sible. O nly high node  and  high frequency  v ib ra tions a t  w hich 
critical speed values a re  close to  those of the engine’s nom inal 
speed can  becom e dangerous, particu la rly  fo r the crankshaft. 
O ften , subsid iary  stresses accru ing  from  these v ibrations 
exceed those laid  dow n by the classification societies, an d  the 
transm ission  system  requires the app lica tion  o f  a v ib ration  
dam per. In  o rder to  ensure the quiet opera tio n  o f gear tran s­
m issions, a certain  sta ted  condition  m ust be fulfilled. O therw ise, 
the n o rm al co n tac t betw een m eshing gears is d istu rbed  by a 
frequency  co rresponding  to  th a t o f the variab le  m om ent o f 
th e  h arm on ic  acting  in  th e  transm ission. C onsequently , gear 
opera tio n  is noisy and  gears quickly  w ear. T h e  variab le  
m om ents acting  in  the transm ission  m ay  be evaluated  using 
H o lze r’s tab le  an d  fu rth er calculations o f to rsional v ibrations. 
A n ap p ro p ria te  fo rm u la  is given. T h e  ap p roach  described is 
illustrated  by tw o graphs p lo tted  fo r a  m arine  transm ission 
system  consisting o f: pow er p lan t, elastic coupling, reduction  
gear, p ropeller shafting , and  c.p. p ropeller. T he  first g raph  
indicates th a t the transm ission will opera te  m ore  quietly  
above 108 re v /m in  an d  th a t this value m ust be ad o p ted  as 
the low er speed lim it fo r the w hole opera tion  o f  th e  engine. 
A t low er speeds, gear w heels will m alfunction . A n elastic 
coupling located betw een engine and  transm ission  encourages 
a  reduction  in v ib ra tion  frequency an d  variab le  m om ent 
values.— S o k o l J., S iln ik i Spalinow e O kretow e i K olejow e, 
Sep tem ber 1970, V o l. 3, pp. 28-29; {in Polish); Journal o f  
A bstracts, T h e  British Sh ip  Research Associa tion , June 1971, 
V ol. 26, A bstrac t N o . 30978.

Pielstick-Engined U.S. Tanker
T he first U .S .-built ship to be propelled  by Pielsticks is

the 37 276 dw t tanker Falcon Lady.
T he ship is the first o f a  series o f fo u r o rdered  by F a lcon  

T ankers Inc., for long-term  ch a rte r to  the then  M ilita ry  Sea 
T ran sp o rta tio n  Service, now  th e  M ilita ry  S ealift C om m and .

E ach  pair o f S .E .M .T . Pielsticks fo r th e  F a lco n  ships 
a re  ra ted  a t 15 000 bhp and  the S .E .M .T . m achines are 
a rranged  fo r opera tion  on heavy fuel.

P rinciple p articu la rs  a re :
L ength  o.a. 205-00m
L eng th  b.p. 194-50m
B readth , mid. 27-13m
D epth , mid. 14-27m
D rau g h t, loaded 11 -04m
C orresponding  deadw eight 37 276 tons
L igh t ship 8 601 tons
C argo  capacity 309 512 bb
T ria ls speed a t  90 per cent lo ad

=  13 500 bhp 17 knots
Service speed 16'5 knots

Falcon L a d y  has a con tinuous m ain deck w ith a poop.
single superstructu re  aft, a  forecastle, rak ed  stem , bu lbous 
bow  an d  a c learw ater transom -type  stern . C onstruc tion  has 
been to th e  A m erican  B ureau o f Shipping classification 

A1 (E) O il C arrie r an d  in  acco rdance  w ith  th e  rules and  
regu lations o f  the U .S. C oast G u a rd , U .S . P ub lic  H ea lth  
Service, U .S. C ustom s an d  F ed era l C om m unications C o m ­
m ission.

T he  cargo oil space is divided transversely  in to  tw o wing 
tanks and  a centre tan k  by tw o longitud inal bu lkheads an d  is 
fu r th e r subdivided in  th e  u sua l w ay  by  transverse  bulkheads, 
resulting  in five w ing tanks p o rt an d  s ta rb o a rd  an d  nine centre 
tanks. N o. 1 cargo oil deep tan k  is fu r th e r d iv ided by a longi­
tud inal bu lkhead  o n  the cen treline giving a to ta l o f  21 cargo
oil tanks. C lean  w ater ba llast is ca rried  in th e  fo repeak  tank , 
the fo rw ard  deep tanks an d  the a f t  peak  tank .

A  F lum e-type stab iliza tion  system  has been fitted  to 
reduce  ro lling  an d  enhance sea keeping an d  to sustain  sea 
speed.

A cargo con tro l room  is fitted  am idships fo r centralized  
con tro l for a ll cargo an d  ballast pum ps, valves and  tank  
level ind icator gauges.

A  cargo tan k  ballasting  system  is p rov ided  w ith tw o sea 
valves, one port, one sta rb o a rd , and  a connecting  sea m ain. 
T h e  system  is hand led  by N o. 3 steam  driven cargo pum p 
and  a m o to r driven ballast p u m p  fo rw ard . D oub le  valved 
cross-overs a re  p rov ided  betw een the ballast d ischarge m ain  
on deck and  each cargo system  filling an d  d ischarge m ain  to 
prov ide a flexible system .— S h ipbu ild ing  and  Sh ipp ing  R ecord, 
M a y  7, 1971, V o l. 117, pp . 25; 27; 29.
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