
T he In stitute  of M a r in e  En gin eers

T r a n s a c t i o n s

1971, Vol. 83

SOME FACTORS IN THE DESIGN OF CELLULAR 
CONTAINER SHIPS  W IT H  PARTICULAR  
REFERENCE TO REFRIGERATED CARGO*

CaptainW. S. C. Jenks,O.B.E.,R.N.(Vice-Presidentl.Mar.E.)

The in troduction  o f a  con tainer service between A ustralia  and the U .K ./E urope 
involving the large scale carriage o f refrigerated as well as general cargoes involved a num ber 
o f problem s o f  con ta iner ship design in advance o f  previous experience. In  this paper the 
au th o r exam ines som e o f  the m ain design problem s involved in the A .C .T . 1 class o f container 
ships and  m akes som e b road  com parisons between the solutions reached as against those 
reached fo r the Bay Class container ships o f O .C .L . designed for the sam e service.

N o  a ttem p t is m ade to  give a com plete description o f the ships bu t the problem s peculiar 
to  container ships referred to , include structu ral m atters, ha tch  covers, stabilization and  
m ooring and  navigational contro l. Particu lar a tten tion  is given to  the arrangem ents for 
refrigeration.

The reasons for the choice o f steam  tu rb ine m achinery are dealt w ith, together w ith 
som e o f the m ain features o f the installation , such as scoop circulation o f the m ain condenser, 
electric generating p lan t an d  the philosophy fo r contro l and  au tom ation .

C ap tain  Jen ks

In  alm ost every aspect o f o u r m odern  w orld we are faced 
w ith the problem  o f scale, and  the transport o f  goods, w hether 
by land, sea o r air, is no  exception. W henever it is found  possible 
to  increase the scale o f an  operation  the prospect is offered o f  a 
drastic reduction  in costs and  in the case o f  liquid cargoes and 
bulk cargoes o f  grain, ore, etc., a d ram atic  escalation in the size 
o f  ships and  o f the m eans o f  handling the loading and  discharge 
o f cargoes in the m inim um  tim e has been witnessed fo r a  num ber 
o f years. The field o f general cargoes and o f  refrigerated cargoes 
was by fa r the m ost difficult one in which to  apply the econom ies 
o f scale because o f  the ex traord inary  variation  in the size, shape, 
density and  fragility o f  the items concerned, o r because o f their 
perishable natu re  and  liability to  dam age by tem perature  and 
hum idity  variations o r ta in t. The idea o f  packing such items into 
standard  size boxes is by no  m eans new, and  has been used for 
transport on land on a relatively sm all scale fo r m any years, but 
it was only when the em ploym ent o f such boxes for land  transport 
becam e really w idespread and  relatively standardized th a t the 
idea o f  extending their use to  long haul sea tran spo rt became 
possible. T he im portan t th ing to  realize is th a t a  container ship 
is merely one link in an in tegrated  th rough  tran sp o rt system and 
its design param eters are determ ined by the requirem ents o f the 
w hole system and  canno t be considered in isolation. The ship 
has to  m atch  the system, the system canno t be designed round  
the ship.

In the case o f the A .C .T . con ta iner ships which will be used 
to  illustrate this paper the service w as fo r the carriage o f general 
and  refrigerated cargo between A ustralia , the U n ited  K ingdom  
and  E urope, an d  although initially in tended as an independent 
operation  it was later decided tha t there should be a jo in t service 
w ith O .C .L . operated  by n ine ships, 6 O .C .L . and  3 A .C .T . (one 
o f  these la ter taken  over by A ustralian  N ationa l Line), providing 
weekly sailings in each direction.

* Paper read at a joint meeting with R.I.N.A.
t  Late Technical General Manager, Cunard International Technical 

Services Ltd.

The service was in advance o f all previous experience in 
container ship operation  in respect o f  the length o f voyage and 
the carriage o f  refrigerated cargo in containers on a large scale. 
It is interesting, therefore, to  com pare bo th  the sim ilarities and 
differences o f  the tw o classes o f ship which were designed quite 
independently bu t in the end have to  opera te  w ith com plete 
interchangeability in an  in tegrated  service. T he m ain param eters 
on which the design was based were:

a) N um ber, size and  w eight o f general and  refrigerated 
containers to  be ca rr ied ;

b) Service schedule leading to  definition o f  m axim um  
continuous speed a t loaded draft and  o f  endurance (fuel) 
required;

c) L im iting drafts and  dim ensions im posed by ports to  be 
served;

d) T he range o f  tem peratures a t w hich refrigerated cargo 
w ould have to  be carried  and  the m inim um  degree o f 
subdivision o f  refrigerated cargo for:
i) T em peratu re; ii) T aint.

e) The dim ensions and  characteristics o f  the container 
cranes to  be used a t the con ta iner berths. O riginally these 
w ere to  be single lift cranes, bu t a  decision to  use tw in lift 
cranes (fortunately  taken  a t a  reasonably  early stage in 
the design o f  the ships) had  quite fa r  reaching 
im plications.

Serious w ork on the A .C .T . ship design started  in January
1967 and  was carried ou t by jo in t team s consisting o f the technical 
staffs o f  the three ow ners concerned (Blue S ta r L ine, E llerm an 
Line and  P o rt Line) assisted by consu ltan ts from  the ship
building, refrigeration and  insulation  industries. Invita tions to  
tender were issued in A pril 1967, an  order was placed in June 1967 
and the first ship was delivered in F ebruary  1969 after extensive 
trials. These dates are  m entioned because a  com m ittee structure 
is n o t norm ally  considered ideal fo r dealing w ith com plex and 
urgent design problem s, bu t it can be claim ed th a t this project 
has show n th a t such a  system can be m ade to  work.
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F ig . 1— General impression o f  the A .C .T . ships

Space does no t perm it a  full description o f  these ships and 
it is only intended to  highlight certain  features o f the design 
w hich m ay be o f  interest.

g en er a l  a rran g em en ts  
A general im pression o f  the ships is given in Figs 1 and  2 

and  it will be no ted  th a t an  all aft configuration is used to  give

an uninterrup ted  a rea  o f  operation  for the container crane while 
storing and  o ther ship operations can be carried  ou t using the 
ship’s cranes clear o f  the con tainer operating  area.

The leading particulars are  given in T able I and  the 
corresponding particulars for the O .C .L . Bay class ships have 
been added  for com parison. I t will be noted  th a t th e  beam  and 
length o f  the A .C .T . ships are som ew hat sm aller than  the O .C.L. 
design but tha t the num ber o f  under-deck containers carried is 
practically the same. A bove the deck th e  O .C .L . ships carried 
initially 71 m ore containers and  it has now  been found  possible 
in bo th  classes o f  ship to  carry  considerably m ore deck containers 
th an  was allowed for in the original designs.

T able I— Leading particulars of A .C .T . container ships

A .C .T . 1 and  
A .C .T . 2 

(as designed)

O .C .L . Bay 
Class Ships 

as published 
by M eeks*1 >

Length, b.p. 675 ft 0 in 700 ft 0  in
Length, o .a. 712 ft 81 in 745 ft 9 in
B readth, m oulded 95 ft 0 in 100 ft 0 in
D epth , m oulded 52 ft 21 in 54 ft 0 in
Design service d raught 32 ft 0  in 30 ft 0  in
Design deadw eight 22 980 tons 21 750 tons
B lock coefficient at

design d raught 0 61 0-60
D isplacem ent a t design

draught 35 938 tons 35 950 tons
Scantling d raught 34 ft 6 in 35 ft 0  in
M axim um  deadweight 26 376 tons 29 100 tons
D esign speed 22 kno ts 22 knots
Design horsepow er (British) 30 000 32 000
Shaft rev/m in 137 140
Class Lloyds + Lloyds +

100 A .I. 100 A .I.
G ross tonnage 24 820 tons 27 000 tons
20 ft x 8 ft x 8 ft I.S.O. 

con ta iners:
G eneral below deck 442 470
Refrigerated below deck 326 304
O n deck 3 tiers holds 7-10* 455 526

2 tiers holds 2-6  
(O .C .L . 3 tiers th roughou t)

Initial total* 1223 1300

* N ote. C on ta iner capacity  on deck is subsequently being in
creased in bo th  classes o f ship, the latest A .C.T. to tal is 
1334 and  the O .C .L . to tal is understood to be con
siderably greater still.F ig . 2— General impression o f  an A .C .T . ship
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Some Factors in the Design o f  Cellular Container Ships with Particular
Reference to Refrigerated Cargo

T he layouts o f the ship are  show n in Fig. 3. I t will be noted  
th a t the fou r afterm ost holds are  provided for refrigerated cargo, 
the rem ainder general. D uring  construction  the requirem ent for 
refrigerated  cargo was reduced and  h a lf o f  no. 7 hold  was left 
uninsulated  and  allocated  to  general cargo containers, bu t can be 
readily adap ted  to  refrigeration if so required  a t a  later date. The 
containers a re  carried eight abreast and  this has perm itted  the 
longitudinal bu lkheads and  hatch  coam ings to be set some
10 ft 6 in from  the sh ip’s side w hich has n o t only helped the 
p roblem  o f  longitudinal strength  and  torsional stiffness bu t has 
also enabled  the coolers to  be placed a t the sides o f the 
refrigerated holds w ith resu ltan t saving in length. This feature 
represents one o f the m ain differences from  the O .C.L. ships 
w here the containers are  stowed nine ab reast involving coolers 
a t the ends o f  the holds and  som ew hat narrow er structure outside 
the longitudinal bulkheads. A lso in order to  accom m odate the 
containers w ithin a  reasonable beam  O .C.L . have had  to  pitch 
their containers as closely as possible and  this has involved using 
a  ‘flip flop’ m echanism  a t the lead in to  the container guides as 
described by M eek '1’. A .C .T . have been able to  avoid  the 
com plication o f  this device due to  greater latitude in  lateral 
spacing. T he main problem  in the A .C .T . arrangem ent has been 
to  m ake the very large tw in hatchcovers strong enough to  support 
the weight o f deck containers to  be stowed on them  while keeping 
their w eight w ithin the lim it o f 26 tons im posed by th e  container 
cranes when using one 20 ft spreader. This was particularly  
difficult in the case o f  the general container holds since provision 
had  to  be m ade fo r the possibility o f carrying 40 ft containers 
below  decks a t som e future date  thus preventing the fitting o f 
any central supports fo r the hatches such as are provided in the 
insulated holds. H owever, by careful design and  the use o f  a 
p roportion  o f  high tensile quality  steel the requirem ents were met.

STRUCTURAL FEATURES
R eferring to  the m idships section in  Fig. 4 the vital 

im portance o f the ‘box’ section girder w hich encloses the side 
passages running  the w hole length o f the holds bo th  fo r longi
tudinal strength and  in relation  to  to rsional stiffness will be noted. 
I t was decided to  avoid  the use o f  high tensile steel due to  
practical problem s in shipyard  welding, and  w ith the “ D ” and 
“ E ” quality  steel used the scantlings a re  very heavy, the sheer 
strake and  longitudinal stiffeners all being o f 40 m m  thickness.

In  the next generation o f  con ta iner ships it has been decided 
in consu lta tion  w ith L loyds to  increase the strength  and  stiffness 
o f  the longitudinal girder while m ain tain ing  reasonable scantlings 
by incorporating  the sides o f the hatch  coam ings in to  a  continuous 
longitudinal girder continued over the w hole length o f the holds 
and  o f the accom m odation . A  portion  o f  the m idship section 
incorporating  this feature is show n in Fig. 5.

MIDSHIP SECTION

F ig . 4— M idship section

F ig . 5—-M idship section incorporating fu ture  developments

T he m ost im portan t consideration  in the structu ral design o f 
these open deck ships was th a t o f  torsional stress and  the early 
design w ork owed m uch to  the theoretical w ork carried  ou t by 
D e W ilde and  the guidance o f L loyd’s R egister o f Shipping. 
Reference has already been m ade to  the im portance o f  the 
longitudinal bulkheads and  side box girders in this connexion 
and  so far as possible these were scarphed in to  the forw ard and  
aft ends o f  the ship beyond the hatches to  provide continuity  o f 
longitudinal strength  and  to  assist in providing restrain t against 
w arping. The effect o f torsion is to give very high stresses in the 
deck plating a t the hatch  corners and  the parabolic  shape is o f 
particu lar im portance but the extent is lim ited by the need to fit 
the  container guides as close to  the corners as possible so as to  
m inim ize the to ta l extent o f  the deck opening required. The 
parabolic  and  elliptical profiles adop ted  are  show n in Fig. 6. In 
o rder to  ob ta in  as m uch inform ation  as possible on this problem  
a static torsional test was arranged  shortly  before com pletion o f  
the first ship. Ballast tanks ab reast nos 4 and  9 hatches were 
loaded on alternate  d iagonals (no. 4 po rt and  no . 9 starboard , 
then no. 4 s tarboard  and  no. 9 port) to  give a  to ta l difference o f 
torsional m om ent o f  7000 tonne m etre and  stresses were 
m easured a t tw o cross sections o f the ship a t forw ard end o f 
ha tch  5 and  aft end o f ha tch  8 by using stra in  gauges a t a to tal 
o f 45 different positions in the side structure  an d  hatch  corner. 
In  add ition  the d istortion  o f  the hatch  openings was m easured 
using special equipm ent to  m easure the lengths o f  the diagonals. 
U nder these conditions the highest m easured stress was 4 ■ 1 to n /in 2 
in the after co rner o f  no. 8 hatch  and  the greatest variation in the 
d iagonal dim ensions o f an  individual ha tch  (also a t no. 8) was 
+ 3 -72  mm to  —3-60 mm. It is o f interest to  no te  tha t w ith the 
hatch  cover in place and  undisto rted , th e  above figures w ould 
m ean a  relative m ovem ent between hatch  and  coam ing at each 
corner o f the hatch  o f  approxim ately ± 1 3  m m  in directions 
parallel to  the sides o f  the coam ing and  th a t on trials in fine 
w eather w ith m inim um  swell relative m ovem ents o f this order
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F ig . 6— Parabolic and elliptical profiles

were observed. It was because o f  the an tic ipated  sliding m otion  
between hatches an d  coam ings th a t it was decided a t the design 
stage to  fit stainless steel com pression bars to  m ain tain  a  sm ooth  
jo in ting  surface an d  pro long  the life o f  the neoprene jo in ting  
m aterial. In  add ition  to  these static  tests, arrangem ents were 
m ade w ith th e  U niversity o f H am burg  fo r stress m easurem ents 
to  b e taken  under seagoing conditions during voyage 1 o f A .C .T . I. 
A  to ta l o f 27 stra in  gauges w ere fitted a t various positions along 
the side girder, th e  low er p art o f  the longitudinal bulkheads and 
on th ree o f the hatch  corners (aft end no . 10 and  a t the corners 
o f  the transverse box girder betw een nos 4 and  5 hatches). 
U nfortunate ly  the sea conditions during this voyage were no t 
particularly  severe an d  w hen fairly strong  w inds (Force 8) were 
experienced the waves were o f  a  sho rt crested type and  did no t 
produce th e  w orst conditions. H ow ever, the records obtained  
w ere o f  considerable value and  did no t indicate th a t any 
dangerously h igh stresses were to  be anticipated. So fa r these 
ships have no t experienced any structu ral cracking o r failures 
due to  stress effects.

In  a cellular con ta iner ship the container guides and  the 
supporting  structu re  are  features o f  the greatest im portance. 
W ith containers stow ed six high the to ta l load transm itted  to  the 
sh ip 's struc tu re  by the four co rner castings o f  the bo ttom  
containers will be a  m axim um  o f  120 tons, o r 30 tons a t each 
point. A t the point w here the corners o f  four adjoining containers 
m eet there will be a m axim um  to ta l local load o f 120 tons. The 
supporting  structure  m ust therefore be designed to  accept this 
loading and  the floors and  longitudinals positioned accordingly. 
An additional com plication arises in the general holds which are 
designed initially to  carry tw o row s o f  20 ft containers in the 
length o f  the hold  bu t which m ay, a t som e la ter date, have to  be 
modified to  take one row  o f  40 ft con tainers; th is will require 
the rem oval o f the m id length pairs o f  guides an d  repositioning 
the forw ard guides to  suit the 40 ft containers. A dditional floors 
have therefore been incorporated  from  the outset under the 
loading points a t the forw ard end  o f 40 ft containers.

T he loads referred to  above are sta tic  loads due to  the 
weights o f the loaded containers bu t allow ance has to  be m ade 
fo r the dynam ic loading due to  the accelerations caused by the 
m otions o f  th e  ship, chiefly ro ll and  pitch. W hen this design was 
m ade it w as assum ed th a t the m axim um  accelerations w ould 
correspond to  th e  assum ptions m ade by H enry  and  Karsch*2’.

The m ost significant accelerations are  the vertical ones due 
to  pitch and  roll a t the ends o f  the ship and  the horizontal and 
vertical ones due to  roll, these affecting the w ing containers to  
the greatest extent. These dynam ic conditions a re  m ost severe in 
the case o f  the deck stow  o f containers, and  taking the conditions

assum ed by J. J. H enry, o f  a  roll o f  30 degrees each side o f the 
vertical in  a  to ta l period  o f  13 seconds and  p itch  angle of 
6 degrees either side o f  the ho rizon ta l in  a  period o f  8 seconds, 
the m axim um  resu ltan t vertical force a t the forw ard ou tboard  
second tier due to  rolling, p itching and  heave acceleration plus 
the con ta iner’s ow n weight w ere calculated  a t 1 -59 X container 
weight and  the m axim um  horizontal force 0-565 X container 
weight. T he corresponding acceleration forces fo r containers 
stow ed below decks were o f  course all low er than  these figures. 
The m anufacture and  fitting o f  container guides presents quite a 
problem . In  order to  ensure th a t the containers will slide in and  
ou t freely w ithout danger o f  jam m ing , clearances between con
tainers and  guides m ust exceed a certain  m inim um , bu t at the 
sam e tim e the clearances m ust be sm all enough to  lim it the 
possible am oun t o f eccentricity o f the containers stacked on each 
o ther since the m ain container strength  only exists directly in line 
w ith th e  corner castings. A llow ance then  has to  be m ade for the 
m anufacturing  tolerances o f  the containers b o th  in length and  
b read th  and  along diagonals and  it is found  th a t th e  guides have 
to  be positioned w ith extrem e accuracy and  also have to  be held 
straigh t to  w ithin a very small tolerance. The guide angles are  o f 
6 in X 6 in X 0-55 in section and  are  approxim ately  50 ft total 
length. They are  supported  by fabricated  vertical colum ns w hich 
are  braced transversely a t each con ta iner level and  are  braced 
longitudinally a t the sh ip’s centre line and  by the longitudinal 
bulkheads a t the sides o f  the holds. T he guides are connected to 
their supporting  structu re  by flat gusset plates a t approxim ately 
4 ft spacing welded in situ. The m ethod  o f  achieving the required  
accuracy was to  m anufacture  a  num ber o f  dum m y container jigs 
m ade to  very fine tolerances, all accurately m easured, com plete 
w ith dowels for accurately locating  one above the o ther and  
re tractab le  distance pieces representing  the designed guide 
clearances. The supporting  pads a t the tank  to p  were first 
accurately levelled fo r all the con ta iner stacks in  one ho ld  and 
then the con tainer jigs were stacked on each suppo rt position  in 
tu rn . The guide angles were clam ped to  the stack  o f  container 
jigs and  were thus accurately positioned while being welded to  
the supporting  structure. This procedure proved very satisfactory 
in practice bu t clearly very considerable effort and  tim e is 
involved in p roducing  such an extensive steelw ork system  at this 
level o f  accuracy.

Figs 7 and  8 give an im pression o f  the container guides and  
structure.

HATCH COVERS AND CONTAINER LASHINGS
R eference has already been m ade to  the problem  o f  hatch 

cover design and  o f achieving the necessary strength  w ithout 
exceeding the  lim iting weight. These covers are, o f  course, o f 
the p o n toon  type and  lifted by the con ta iner crane, when 
rem oved they are  norm ally  placed on top  o f  the hatch  cover o f 
the adjacent hold , though  in som e cases w hen only a few 
containers are  to  be m oved they m ay be placed on the ap ron  
ashore. Special support pedestals are  built in to  the underside o f 
the hatch covers to  perm it them  being landed on any horizontal 
plane surface. F ittings have to  be provided on the top  o f  the 
covers to  provide the landing and  securing points fo r the deck 
stow  o f containers and also to  accept e ither 20 ft o r 40 ft spreaders 
fo r lifting the covers. A dditionally  it m ust be possible to  stow  
single row s o f  40 ft containers o r double row s o f  20 ft containers 
on each cover, and  finally lashing po in ts m ust be provided for 
either arrangem ent. Fig. 9 show s a  p icture o f  the upper surface 
o f  a  hatch  cover on which all these fittings can be identified.

Fig. 10 show s the steel rod  lashing system  w hich was 
adop ted  and  w hich was based on the design developed by O .C .L . 
w ith the m odification th a t integral tw ist lock fittings were welded 
to  the tops o f the lashing rods thus avoiding loose fittings and  
enabling all lashing w ork  to  be carried  ou t from  hatch  cover level 
fo r a  container stow  up  to  three containers high w ith resu ltan t 
saving o f  tim e, an d  im proved safety.

VIBRATION
V ibration  represents a serious p roblem  fo r fast ships w ith 

an all a ft installation  developing 30 000 shp on a  single shaft.
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F ig . 8— Impression o f  container guides and structure

show n the system to  be satisfactory though , unfortunate ly , it is 
difficult to  ob tain  a  reliable com parison o f  sh ips’ behaviour w ith 
and  w ithout the tanks in use under identical sea conditions.

m o o rin g
T he container ship provides som e special problem s in  the 

fields o f m ooring and  o f  the rap id  contro l o f  heel during cargo

F ig . 7— Impression o f  container guides and structure

Space does n o t perm it this subject to  be covered in this paper 
except to  say th a t design w ork was concentrated  on getting as 
good a  w ake distribu tion  as possible, providing m axim um  
propeller clearances and  also a  continuous web fram e structure 
from  tan k  top  to  deck houses. A lso, o f  course, care  was taken 
to  avoid resonan t torsional o r axial m achinery/shafting/propeller 
system  v ibrations near the higher running  speeds. D espite these 
precautions there was initially significant v ibration  a t propeller 
speeds o f  130 rev/m in and  upw ards. H appily, it has been found 
possible to  overcom e th is p roblem  by fitting som e additional 
vertical stiffening ju s t aft o f the m ain  boilers.

sta biliza tio n
R eference has already been m ade to  the lim iting ship m otions 

w hich have been assum ed w hen calculating the forces which 
m ay have to  be carried  by the guides and  structure supporting  
the containers and  by the lashings which hold  the deck container 
in place. I t  is, how ever, im portan t to  restrict these m otions as 
m uch as possible n o t only to  safeguard the containers as a  whole 
b u t also the container contents w hich m ay n o t always have been 
packed in  the ideal m anner. T he condition m ost likely to  cause 
concern is th a t in  w hich the ship m ay be only partly  loaded and  
have a  high G .M . giving a  ro ll o f  short du ra tion  w ith corres
pond ing  high accelerations. C alculations by the N .P .L . showed 
th a t such conditions w ould be significantly am elio rated  by a 
suitable passive tan k  stabilization  system. Tw o tanks were 
accordingly fitted a t the fo rw ard  engine room  bulkhead  below 
the brine room  w ithout sacrifice o f  container stowage. The 
ability  to  use one o r tw o tanks and  to  vary  the height o f w ater 
in  each tan k  gives a  reasonable range o f stabilization  for differing 
conditions o f  loading o f  the ship. Service experience has so far F ig . 9— Upper surface o f  a hatch cover
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F ig . 10— The steel rod lashing system

handling. The designed system o f  con ta iner handling w ith a 
twin lift crane is first to  rem ove a com plete tw in stack of 
containers from  one side o f  the ship, an d  thereafter to  load  two 
containers and  rem ove tw o containers alternately, w orking 
across the ship to  the o ther side w hen a com plete tw in stack 
w ould  again  have to  be rem oved. A ssum ing the containers 
concerned were a t their full loaded weight o f 20 tons each this 
w ould m ean initially rem oving 240 tons at the extrem e heeling 
arm , then  gradually  transferring  this m om ent across the ship, 
and  finally have a corresponding heeling m om ent in the opposite 
direction. If  no corrective action  were taken, and  depending on 
the G .M . at the tim e, th is could m ean a  very considerable degree 
o f heel occurring during a period  o f  less than  20 m inutes. In  order 
to  avoid difficulties in shipping and  unshipping containers the 
heel should be lim ited to  a m axim um  o f 3 degrees e ither way and 
to  ensure this condition  is m et a  ballast pum ping capacity o f 
ab o u t 500 ton /h  was provided and  m eans fitted to  enable ballast 
w ater to  be transferred  au tom atically  between selected wing 
tanks. The system incorporates a sensitive inclinom eter which, 
using relays, starts and stops either o r bo th  the ballast pum ps 
and  sim ultaneously opens or closes four valves w hich determ ine 
the direction o f  pum ping p o rt/s ta rboard  o r s ta rboard /po rt, from  
the ballast m ain. Any o f the ballast tanks can be pre-selected by 
rem ote m anual contro l fo r use w ith this system, bu t norm ally 
tw o tanks w ith the greatest righting  a rm  w ould be used. The 
arrangem ent has given very satisfactory  results in  service.

So far as m ooring  is concerned, the requirem ent is to  keep 
the ship as closely constrained as possible to  prevent m ovem ent 
a long the quay, bu t a t the sam e tim e to  allow  any lengthening or 
shortening o f the bow and  stern lines th a t is necessary on account 
o f the listing o f  the ship due to  cargo operations o r any tidal 
effects w here relevant. The system adopted , w hich was designed 
in re la tion  to  the w ork o f the C ham ber o f  Shipping M ooring 
Panel, is one providing com plete restra in t by three self tensioning 
winches at each end o f the ship, tw o each end providing lateral 
restrain t by bow  and  stern lines angled w here possible a t abou t

45 degrees to  the sh ip’s centre line, and  one a t each end dealing 
with the springs. Since the springs act in opposition , one o f the 
winches is fixed while the o ther is in the auto-tension  condition. 
41 in wires are used on  all winches. 7 in polypropylene ropes are 
used for first lines and  for backing up the wires if necessary in 
very severe w eather, they are  handled  by w arping ends on the 
tw o windlasses and  on the winches and  are  secured to  bitts in the 
ord inary  way. This system  has so far proved satisfactory in 
service and  capable o f  opera tion  w ith m inim um  m anpow er.

NAVIGATIONAL CONTROL
T he w heelhouse is the central con tro l position  o f  a ship and 

its equipm ent and  layout dem ands the u tm ost care in choice and 
design. It is regrettable how little a tten tion  som etim es appears 
to  have been given to  this vital a rea in the past (the au th o r has 
seen som e wheelhouses in large and  im portan t ships w ith free
standing  binnacles, telegraphs and  o ther im pedim enta scattered 
a round  like the pins on a bagatelle board), and  even in m odern 
designs one som etim es sees large consoles extending the w hole 
w idth o f the w heelhouse w hich seem difficult to  relate to  the 
contro l function required. In  the A .C .T . ships the wheelhouse 
layout represents a  logical developm ent o f  arrangem ents w ith 
w hich the au th o r had  been concerned in several previous designs. 
The essential requirem ents are:

1) A  con tro l position  righ t fo rw ard  against the w heelhouse 
fron t giving only the essential in fo rm ation  and  facilities 
required  fo r conning and  contro lling  th e  ship in close 
w ater o r in traffic, and  providing m axim um  visibility;

2) A  space behind the con tro l position  giving am ple u n 
im peded passage fo r the w hole w idth  o f  the wheelhouse 
and  ou t to  the bridge wings;

3) Facilities on both  bridge wings either fo r direct con tro l 
o f the ship (steering an d  engines) o r fo r direct tran s
mission o f o rders to  the central contro l in the wheelhouse;

4) M axim um  all ro u n d  visibility, including if possible 
visibility righ t a s te rn ;

5) A  chart table w ithin the w heelhouse a t which all the 
in form ation  required  fo r navigating the ship is concen
tra ted  (D ecca navigator, log, echo sounder, direction 
finder, navigational radar, m aster com pass, chronom eters, 
etc.). T here should  also be good visibility from  the chart 
table  position  a t least from  right ahead  to  either beam  
so th a t the nav igator is a t all times in close touch w ith 
the actual situation.

Fig. 11 gives a general im pression o f  the w heelhouse in 
A .C .T . show ing the forw ard console incorpora ting  m ain engine 
con tro l, non  follow -up electric steering contro l and  auto-pilo t, 
w ith com pass repeater, rudder and  helm  indicator, revolution  
and  direction indicator, echo sounder repeat, w histle contro l

F ig . 11— General impression o f  the wheelhouse in A .C .T .
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and  vhf telephone, and  on the starboard  side the conning radar 
and  sem i-autom atic p lotter. T he arrangem ent is such th a t one 
m an  can and  does physically control the ship in close w aters, 
bo th  operating  the m ain engine contro l and  steering the ship 
w ith n o n  follow -up steering control.

F ig . 12— GeneraI impression o f  the wheethouse 
fo r  an earlier twin screw ship

Fig. 12 shows a  sim ilar layout for an  earlier tw in screw ship 
also arranged  for one m an  to  contro l bo th  engines and  steering, 
in  this case the steering being by foo t pedal, w ith an  alternative 
hand  contro l. In  bo th  cases the inform ation  for conning and  the 
size o f console has been kep t as small as possible, redundan t 
in fo rm ation  o r excessive size in  this position m erely serves to  
confuse and  mask the really im portan t things and  renders contro l 
less effective.

REFRIGERATION
There are  several ways in  w hich refrigerated cargo m ight be 

carried  in containers in ships:
i) E ach container to  be self contained w ith its own 

refrigerating p lan t w hich w ould be connected to  ship’s 
pow er supplies;

ii) Insu lated  containers to  be connected to individual 
‘clip o n ’ refrigerated units;

iii) Insu lated  containers to  be stowed within a  refrigerated 
ho ld  w ith arrangem ents for circulating air th rough  the 
co n ta in ers;

iv) Insu lated  containers to  be stowed in non-refrigerated 
and  lightly insulated holds and  connected to  a  closed 
system  o f  cold air circulation th rough  perm anently  
installed trunks and  coolers served by the ship’s main 
refrigeration  plant.

F o r relatively sm all num bers o f  containers m ethods i) and
ii) are practical and  were used on  the earlier container services 
operating  from  the U .S .A ., but for really large quantities o f 
refrigerated cargo such as are transported  from  A ustralia  and  
N ew  Z ealand  this arrangem ent w ould be hopelessly uneconom ic, 
and  w ould involve serious practical difficulties. I f  carried on  deck 
and  subject to  am bient trop ical tem peratures and  direct sun’s 
rays the to ta l refrigerating pow er required  w ould be very large, 
the condition  o f  the cargo in each container w ould depend on the 
reliability o f  its individual unit, and  to  duplicate the units w ould 
be very expensive, all containers w ould need to  be centrally 
m onitored , and  arrangem ents fo r access to  the refrigerated units 
w ould have to  be provided. R epairs at sea w ould be difficult o r 
im possible in adverse conditions, and  these conditions w ould in 
them selves tend  to  reduce the reliability o f  the units. I f  containers 
w ere carried  under deck, provision w ould have to  be m ade to  
absorb  the considerable am oun t o f heat involved either by

forced ventilation on a  considerable scale o r by w ater cooling o f 
the refrigerating unit condensers, and the dangers o f the la tter 
course are  obvious.

If, therefore, cellular con tainer ships are  required  to  carry 
regularly  large quantities o f  refrigerated  cargo  the use o f  a 
centralized refrigerating p lan t perm anently  installed in the ship 
represents the m ost econom ical and  reliable system to  adopt. 
W hile m ethod iii) w ould be a  possible so lu tion  it w ould involve 
the expense, weight and  space o f heavy insu lation  o f the holds, 
sim ilar to  tha t in conventional refrigerated  ships, and  w ould 
subject all the exposed steelw ork o f  guides and  supporting  
structure as well as the container corner castings and  strength 
m em bers to  very low tem peratures. T his w ould be highly 
undesirable, involving use o f special steels and  danger o f ice 
form ation during discharge w ith its a ttendan t difficulties. Also, 
there w ould still be the need to  arrange for a definite a ir circula
tion  th rough  each con ta iner to  ensure even cooling and proper 
con tro l o f tem peratures.

C onsideration  o f the above factors led inevitably to  the 
decision by bo th  O .C .L . an d  A .C .T . to  use m ethod  iv) for 
the cellular refrigerated con ta iner ships designed for the 
A ustra lia /U .K . service, and  a  sim ilar system will be em ployed 
for the cellular con tainer ships a t present on order by these tw o 
consortia  for various trades serving A ustralia  and  N ew  Zealand. 
The details o f this system will now  be m ore closely exam ined.

The first m ain  problem  th a t had  to  be considered was that 
o f arrangem ent o f coolers and  air ducting in relation  to  the massive 
stiffening required  on the transverse ho ld  bulkheads. T he objects 
were to  keep the holds as short as possible, while m aintain ing 
good access to  all containers, and  to  confine insulation  so fa r as 
possible to  plain surfaces. T he arrangem ent o f  coolers and 
ducting fo r the A .C .T . ships is show n diagram m atically  in Fig. 13

and  it will be seen th a t coolers are accom m odated  in wing 
com partm ents im m ediately beneath the side passages, and  air is 
d istributed  by m ain vertical supply and  re tu rn  trunks to  each 
level o f  containers, an d  by horizon tal trunks to  the different 
containers a t each level. The bulkhead  stiffeners are  contained 
betw een tw in bulkheads (one o f  w hich is w atertight) form ing 
cofferdam s extending the full height o f the holds, and in this way 
only plain steel surfaces are  presented w ithin the ho ld  itself. The 
cofferdam  spaces are  used fo r hold  access.
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W ith  this system each m ain  ho ld  is served by fou r coolers, 
each cooler therefore supplies one quarte r o f  the num ber o f 
containers in the hold, i.e. 24 in  th e  largest holds. I t is clearly 
essential w ith the num ber o f  circuits in  parallel, to  ensure 
approxim ately  equal a ir flow th rough  each container, the 
designed flow being 40 a ir changes/h.

It is n o t possible w ithout very expensive instrum entation  
to  m on ito r the air flow to  individual containers w hen connected 
and  therefore the flows were balanced when discharging to  an  
open h o ld ; the erro rs involved in  this a re  less th an  m ight be 
supposed since experim ents w ith  containers carried  ou t by 
S .R .C .R .A . showed th a t the to ta l a ir pressure d rop  w ithin the 
container w ith the in ternal a ir d istribu tion  arrangem ents as 
finally fitted am ounted  to  only ab o u t 0-6 inches o f  w ater against 
the total a ir pressure d rop  across th e  fan  in the ship system o f
3-0/3-5 in. A ny im balance o f  a ir d is tribu tion  within the ship 
system as found initially w as corrected by insertion  o f deflector 
plates in to  the m ain  branches o f the a ir trunks as requ ired  and  
the final a ir quantities as tested  in the open hold  were correct to  
w ithin sm all limits.

It cannot, o f  course, be guaranteed th a t a  full outfit o f 
refrigerated containers will be connected to  each air cooler 
during any hom ew ard  voyage and  it was therefore a  requirem ent 
th a t the system should be operable and  stable w ith as few as 
three containers ou t o f 24 connected and  the rem ainder blanked. 
This im posed a  considerable problem  o f  fan design since the 
reduced flow h ad  to  be accom m odated w ithout the fan  stalling 
and  w ithout excessive air pressure being produced w hich w ould 
im pose undue cost o f  a ir trunking. The requirem ents were met 
by using a m ixed flow (com bination  o f  axial/centrifugal) type o f 
fan and  by fitting a flap relief valve betw een supply and  delivery 
trunking  design to  lim it the m axim um  discharge pressure.

The next m ajo r p roblem  is th a t o f  coupling the tw o openings 
arranged  in one end o f  each con tainer to  supply and  return  
trunk ing  installed in th e  ship. W ith a  loading/discharge cycle o f 
th ree m inutes fo r every tw o containers ou t and  tw o containers in, 
and  a to ta l o f  660 connexions involved (m uch larger num bers in 
la te r ships) it w as obvious th a t it w ould n o t be practical o r 
econom ic to  do  the jo b  m anually  and  th a t som e form  o f  au to 
m atic coupling w ould be required. In the first instance separate 
ideas fo r coupling design were being developed by O .C .L . and 
A .C .T ., bu t, as it was essential th a t the containers should be 
standard , it was decided to  develop com m on design for bo th  
consortia , and  the Shipow ners’ R efrigerated C argo R esearch 
A ssociation was en trusted  w ith this task, w orking in co llaboration  
w ith ow ners an d  con trac to rs and  basing the design on the O .C.L. 
p roposals w hich appeared the m ore prom ising.

Fig. 14 shows th e  couplings as finally installed, and  Fig. 15 
shows a  sectional view. A double  lip seal operating  against a  
flat facing on  the end o f  the con ta iner form s the actual jo in t, 
w hich is m ain tained  by the pressure o f  tw o springs, the coupling 
is retracted  pneum atically and  a separate  pneum atically  operated  
device will latch it in the retrac ted  position. T he twelve couplings 
fo r each vertical row  o f  six containers are  operated  sim ultaneously 
by a single three-w ay cock from  the  m id level p latfo rm  in the 
hold. In order to  deal w ith part refrigerated container cargoes 
it is necessary to  be able to  shu t off air c irculation  from  com plete 
vertical stacks o f containers o r even individual containers and  in 
the A .C .T . ships this is done by in terposing horizontally  sliding 
steel plate shutters betw een th e  containers and  the retracted  
couplings (see Fig. 14) and  then  releasing the couplings on to  
the shu tters w hen they have been slid in to  place. These shutters 
also p rovide an  add itional safety featu re  in  th a t no  container 
m ovem ent in to  o r o u t o f  the h o ld  is perm itted  unless the shutters 
are  in  place, and  any danger o f  coupling  dam age during container 
m ovem ent is positively prevented. E ach  vertical stack  o f  sliding 
shu tters is opera ted  sim ultaneously by a  continuous wire system, 
b u t individual shutters can  be d isconnected and  operated  
separately  if required.

It m ay  be though t th a t the coupling m echanism  described is 
reasonably  stra igh tforw ard  bu t w hen it is appreciated  th a t the 
containers can  m ove up  to  44 m m  fore and  aft and  28 m m  
athw artsh ips in the guide clearances— and  do in fact m ove in a

F ig . 14— The couplings as fina lly  installed

F ig . 15— A sectional view
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seaway, th a t leakage o f  cold a ir past the seal w ould give severe 
icing problem s, th a t the operating  m echanism  needs to  be 
insulated from  low  tem peratures to  avoid icing, and  th a t absolute 
reliability  o f operation  is essential, the problem  will be seen to  be 
less simple. A  special rig was set u p  by S .R .C .R .A . sim ulating 
the possible con tainer m ovem ent and  w ith cold  a ir circulating to  
p rove the tightness o f  the seal, and  the durability  and  insulating 
properties o f  the flexible elem ent using N eoprene and  E .P .D .M . 
d iaphragm s w ith polythene foam  insulant. T he couplings (and 
the container closures referred to  later) were also subjected to 
rigorous environm ental tests covering v ibration  an d  corrosion.

The next p roblem  is th a t o f  insulation o f  the holds. O ne o f 
the features o f carry ing refrigerated cargo in the relatively small 
spaces represented by individual containers is th a t the ra tio  o f 
surface area to  volum e is m uch greater than  in the large holds o f 
conventional refrigerated  ships. I f  therefore the container ship 
holds were uninsulated  the heat leakage w ould be relatively large 
and  an  expensive refrigerating p lan t w ould be necessary. If, on 
the o ther hand, the holds were heavily insulated the tem perature 
in the holds w ould app roach  m ore closely th a t o f  the cargo and 
w ould certainly lie below freezing po in t w ith low tem perature 
cargoes, w ith the disadvantages referred to  earlier. T he require
m ent, therefore, is a  com prom ise w hereby the hold  insulation  is 
sufficient in series w ith the container insulation, to  cut dow n the 
overall heat leakage to  a  reasonable figure while leaving the 
tem perature  in the hold  itself norm ally  above freezing point. 
H ow ever, the cargo m ay have to  be carried a t — 10°F ( —23°C) 
and  the am bien t tem perature  will vary between 95°F (35°C) and 
3 2 ° / 4 0 ° F  (0°/4°C) an d  it is obvious th a t we cannot m aintain  the 
ho ld  tem peratu re  above 32°F (0°C) in all circum stances unless 
subsidiary arrangem ents are provided. In  the A .C .T . ships this 
was done by providing ‘hold  conditioners’ in the form  o f heat 
exchangers, fans and  trunk ing  to  circulate a ir w ithin the hold, and 
which could  be used as heaters, w ith ho t brine, o r subsidiary 
coolers as required. These ho ld  conditioners are  used as required 
to  m ain tain  an  optim um  hold  tem perature  o f 35°/40°F (2°/4°C). 
O ne o f  the uncertain  factors, w hen in troducing this system of 
con tainer refrigeration, was the extent to w hich cargo tem pera
tures w ould vary according to the position o f  the container in the 
hold and  w hether it w ould be necessary to  provide positive 
circulation  o f a ir round  the containers to  m inim ize any differences. 
T he w hole question  o f heat transfer in the hold/container system 
was investigated by S .R .C .R .A . using an  analogue com puter 
sim ulation, w hich provided da ta  in  relation  to  hold  insulation 
thickness and  also indicated tha t while variations w ould no t be 
unduly large it w ould be p rudent to  provide som e m eans o f air 
circulation, and  the hold  conditioners fulfil this role.

I t was calculated th a t in o rder to  produce optim um  
tem perature  conditions in the holds fo r as wide a  range o f 
circum stances as possible an  overall heat transfer coefficient o f 
0-25 to  0-30 B tu /h  °F  ft2 o f  exposed surface area was required 
and  this w ould be m et by the use o f 2 in thickness o f  polyurethane 
slab  m aterial faced w ith  alum inium  foil glued and pinned to  the 
plain surfaces o f  the bulkheads. The air trunks were insulated 
w ith 4 in thickness o f  polyurethane slab, alum inium  foil covered. 
In this application  the low conductivity and  light weight o f 
po lyurethane together w ith ease o f application showed to  definite 
advantage, w eight and  space being particularly  im portan t in 
these con tainer ships.

So far no m ention  has been m ade o f  the arrangem ents w ithin 
the containers them selves to  ensure p roper d istribution  o f a ir flow 
th rough  the cargo w ith a  m inim um  air pressure drop. Extensive 
full scale experim ental w ork was carried ou t by S .R .C .R .A . on 
th is problem  and  the final arrangem ent provided 10 in d iam eter 
a ir supply and  re tu rn  holes on the centre line o f  the container at 
the end  opposite the doors w ith a  divided internal a ir screen 
covering the w hole end o f the container and  5 in from  the inside 
o f the insulation  supported  by splitters giving air d istribution  
across the w idth o f  the container, the a ir then flows along the 
con ta iner betw een slotted "T’ bar alum inium  dunnage and  finds 
its w ay up th rough  the cargo to  a plenum  space a t the top 
whence it finds its way back to  the re tu rn  opening. V arious 
form s o f  construction  and  m aterials have been used for insulated

container m anufacture, but the in ternal arrangem ents have been 
standardized  in the m anner described. W henever containers are 
being transported  and  are  disconnected from  a refrigerating 
p lan t the a ir supply and  re tu rn  openings m ust be sealed to  
prevent undue rise o f tem perature and  dam age to  the contents. 
Special spring loaded valves operable from  outside the container 
and  capable o f  being positively secured in the closed position 
and  spring loaded for the open position  have therefore been 
fitted as an  integral p art o f  all insulated containers.

The refrigerating p lan t itself follow s conventional lines and  
in this case consists o f  five eight-cylinder reciprocating com 
pressors using F reon  R .22 as refrigerant, tw o o f  the m achines 
for single stage operation , two, tw o speed m achines fo r com pound 
o r single stage operation , and  one single speed m achine for 
com pound o r single stage operation . A u tom atic  un loading gear 
is fitted on one o f the single stage and  tw o o f  the com pound 
m achines. T he p lan t is designed to  m ain tain  approxim ately one 
quarter o f the containers a t — 10°F ( —23°C) and  the rem ainder at 
0°F (18°C) when the am bien t a ir tem peratu re is 95°F (35°C) and 
sea tem perature  90°F (33°C). F o u r brine m ains (low  tem perature, 
frozen, chilled and  heating) are  fitted and  provided with au to 
m atically controlled injection from  low er to  higher tem perature 
mains. A utom atic contro l o f  a ir tem peratures is effected by 
pneum atically operated  m odulating  valves in  the brine returns 
from  the  coolers. The set points fo r a ir and  brine tem peratures 
are all rem otely contro lled  from  the refrigerating contro l station. 
A data  logging system  for tem peratures only is p rovided covering 
brine m ains, individual brine retu rns from  each cooler, delivery 
and re tu rn  air tem peratures a t each cooler, individual a ir outlet 
tem peratures from  each container, evapo ra to r inlet and  outlet 
tem peratures, a ir tem peratures, am bien t and  sea w ater tem pera
tures. All this represents conventional m odern  practice bu t the 
requirem ent for m onitoring and  logging the re tu rn  a ir tem pera
tu re  from  each container m eans a  large da ta  logging installation.

C onsideration  was given to  the use o f  screw com pressors 
in lieu o f  reciprocating ones bu t these show  to  greater advantage 
fo r larger installations and  w ould have resulted in significantly 
greater cost in this case. In  fu ture ships w ith m uch greater 
refrigerated capacity screw com pressors will be used.

MACHINERY INSTALLATION
T he choice o f a m achinery installation  depends n o t only 

on the pow er required  and  the type o f  ship in w hich it has to  be 
fitted bu t essentially on  the service on w hich the ship is to  be 
em ployed. In  the case o f  the A .C.T. con ta iner ships the defined 
service required  operation  on an exact tim e schedule between one 
p o rt in  the U .K . and  three po rts in A ustralia , w ith tu rn  round  
times no t exceeding 48 hours in A ustralia  and  fou r to  five days 
in the U .K . This schedule was to  be m ain tained  th roughou t the 
year except for 14 days per year for docking, repairs and  ou t
standing surveys. 30 000 shp was required  to  ensure the 
continuous seagoing speed o f 22 knots, and  an aft end position 
fo r m achinery was desirable to  achieve m axim um  container 
stowage in  a  given size o f ship and  to  provide un in terrup ted  
space for container handling. T he only possible systems which 
could be considered a t the tim e w ere the geared steam  turbine 
and  the direct drive Diesel. T he pow er required  was a t the 
extrem e range o f  pow ers o f  the Diesels then  available, and  in fact 
was beyond w hat could be achieved w ith the custom ary p rudent 
reduction  o f engine m anufactu rers’ ratings, and  even then w ould 
have involved either a  sacrifice o f  som e 70 containers o r at least 
25 ft increase in the overall length o f  the ship. A dded to  this the 
shaft speed w ould have had  to  be lim ited to  119 rev/m in which, 
it was considered, w ould have in troduced  propeller design 
problem s due to  the restriction  on d iam eter im posed by depth  o f  
im m ersion and  propeller tip clearances. F inally, it was considered 
th a t w ith the rigid scheduling required  fo r this service the 
m aintenance problem  for a  twelve cylinder m ain engine and  for 
the considerable D iesel a lte rn a to r capacity  required  w ould be 
greater than  fo r a steam  installation . T he above considerations 
led to  a  decision in favour o f  geared steam  turbines and  after 
careful consideration o f  alternative types available the Stal-Laval 
A .P. type was adopted . T he em phasis on  the need for m axim um
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F ig . 16— The heat balance fo r  m axim um  service power

reliability, n o t ju s t o f one ship bu t o f  a  w hole service, precluded 
anyth ing  experim ental and  steam  conditions w ere lim ited to  the 
latest accepted practice, nam ely 900 lb /in 2 950°F (515°C). 
Sim ilarly it was desired to  keep the steam  and  feed cycle as simple 
as possible, com patib le w ith a good steam  ra te  while avoiding the 
excessive com plication w hich w ould  be involved in securing the 
highest possible efficiency.

T he heat balance for m axim um  service pow er is show n in 
Fig. 16. I t will be seen th a t back pressure tu rbo  alternato rs are

em ployed and  these, together w ith the tu rb o  feed pum ps, provide 
all the  steam  required  fo r the de-aerator an d  steam  a ir heaters 
with a  significant surplus w hich is passed in to the L.P. turbine. 
The overall fuel ra te  a t the norm al service pow er o f  28 000 shp 
w ith 28-5 in vacuum , one evapo ra to r a t 30 to n /d ay  an d  1050 kW  
o f electric load is approxim ately  0-48 lb /shp h w hich can be 
considered satisfactory.

W hile the p lan t is o f relatively conventional type certain  
features may be w orth  individual m ention :
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a) Scoop Circulation o f  M ain Condenser 
The rival m erits o f  scoop circulation against circulating 

pum ps are  very difficult to  determ ine, since the additional 
p ropu lsion  resistance offered by the scoop canno t be very 
accurately  assessed. The use o f the scoop does, how ever, avoid 
the need fo r continuous operation  o f a  m ain circulating pum p at 
sea an d  reduces the to ta l electric load. The auxiliary pum p, 
w hich m ust be used below a certain  speed, can be designed for 
reduced w ater flow and  only needs to  be run  for limited periods

positions show n on Fig. 17. In  view o f the im portance o f 
discharge lip height on  the w ater flow it was decided to  provide 
on the first ship a variable height lip operated  by screw mechanism 
from  within the ship to  ob tain  m easurem ents during trials which 
could be related to  the results o f  m odel tests. T he results o f the 
full scale tests indicated th a t if the lip w as entirely  om itted the 
circulating w ater requirem ent fo r full pow er tropical conditions 
w ould only m arginally be m et and it was therefore decided to  fit 
a perm anent lip 4 in deep on the discharge.

4 8 so

Fig. 17— Arrangement o f  scoop

while raising steam , standing by and  entering and  leaving harbour. 
O n the o ther hand the pum p should be arranged to  cut in 
au tom atically  below certain  shaft rev/m in and  interlocks m ust be 
arranged  to  prevent speed being increased above these rev/m in, 
again until circulation  has been changed over to  the scoop.

C areful tests were carried ou t at the Berlin and  H am burg  
tanks to  determ ine the optim um  positions fo r scoop entry  and  
overboard  discharge, based on m easured w ater pressure d is tribu 
tion  round  the hull sections a t service speed, and  the optim um  
scoop profile and  effect o f  discharge lip. As a result o f these 
tests the scoop entry and  overboard  discharge were placed a t the

b) Electric Generating Plant
In any refrigerated ship the possible m axim um  load im posed 

by the refrigerating p lant under extrem e conditions represents a 
high p ropo rtion  o f the to ta l ship’s load, bu t in general refrigerated 
cargo is carried  in one direction only. A lso there will be a wide 
varia tion  in the refrigerated load  from  cooling dow n o f a full 
cargo w hich is em barked  under conditions o f high am bient 
tem perature, and  is to  be carried  at m inim um  tem perature, to  
the holding load under tem perate conditions for a part cargo 
w hich is being carried well above the m inim um  tem perature. 
The electric generating p lan t m ust be capable o f m eeting the
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w orst possible conditions, bu t if, say, a 50 per cent m argin  o f 
capacity  were provided above such conditions the result w ould 
be great excess o f  capacity over th a t w hich was likely to  be 
requ ired  during the norm al service o f  the ship. Because o f  the 
operating  schedule fo r these ships, it was considered th a t the 
steam  p lan t w ould norm ally  be kep t in  operation  a t all times 
except during the four to  five days tu rn  ro u n d  a t the hom e 
term inal w hen the p lan t m ight be shu t dow n fo r repair o r 
m aintenance w ork after the discharge o f refrigerated cargo. The 
m ain generating p lan t w ould therefore be steam  tu rbo  a lternators 
w ith Diesel alternators in a  supporting  and  em ergency role.

The m axim um  to ta l load  while cooling dow n a full 
refrigerated cargo a t sea was estim ated to be ju s t under 1600 kW  
(including 800 kW  refrigerated). T he m axim um  tropical load  at 
sea when holding the tem perature  o f  a  full refrigerated cargo 
was estim ated a t abou t 1300 kW  (including 550 kW  refrigerated). 
I t was decided th a t one tu rb o  a lte rna to r (o f 1360 kW  capacity) 
w ould norm ally  be able to  carry  the sea refrigerated tropical load, 
and  th a t there should  be tw o identical m achines thus providing 
100 per cent standby under these conditions w ithout using the 
D iesel a lternators. I f  the m axim um  possible load  was required 
a t any tim e then  it w ould be necessary either to  run  bo th  tu rbo  
alternato rs o r to  supplem ent one tu rbo  a lte rna to r w ith a Diesel 
a lte rn a to r; it was, how ever, expected th a t such occasions w ould 
be infrequent and  o f  relatively sho rt du ration . T he Diesel 
a lte rnators serve several pu rposes:

1) T o provide sufficient capacity  to  run  the w hole sh ip’s 
load , excluding refrigeration, in p o rt w henever it was 
decided to  shut dow n bo th  m ain boilers;

2) T o provide sufficient pow er im m ediately available in 
emergency, in the event o f  a b lackout, to  run  all essential 
engine room  auxiliaries and  ship services and  enable the 
situation  to be b rough t under contro l pending resto ra tion  
o f  the steam  plant. In  the au th o r’s experience there is no 
greater com fort to  the chief engineer o f a steam  ship than 
to  know  th a t he has adequate  Diesel generator capacity 
alw ays im m ediately available, there is no th ing  w orse than  
to  have only steam  p lan t—and no  steam  !

3) T o  provide supplem entary pow er to  the m ain tu rbo  
a lte rn a to r if the load  is only m arginally greater than  can 
be carried  by one m achine.

A high speed type o f Diesel generator is ideally suited to  the 
above requirem ents since it is cheap in first cost, its to tal running 
hours should  be relatively small, it can be kep t ready for 
im m ediate use, rem otely started  and  connected to  the board  in a 
m inim um  o f tim e and  w ithout w arm ing or special p reparation  
an d  it takes up  the m inim um  o f engine room  space. Two 
generators o f  410 kW  capacity  runn ing  a t 1800 rev/m in were 
installed and  have proved invaluable fo r the purposes intended 
particularly  during the early  runn ing  o f  the ships when there 
have been above norm al requirem ents fo r shutting  dow n the 
steam  p lan t fo r exam inations and  m aking  good o f the inevitable 
‘teething troub le ' defects.

c) Control and Autom ation
F rom  the onset these ships were designed fo r a m anned 

engine room  w ith one officer an d  one ra ting  on w atch. N o  watch 
is kep t on the refrigerating p lan t bu t m aster refrigerated p lan t 
alarm s a re  repeated a t the m ain  contro l room . The contro l 
philosophy was th a t all m ain systems w ould be self-operating 
under full au tom atic  con tro l b o th  under steady s ta te  and 
m anoeuvring  conditions, w ith th e  m ain  engines under bridge 
contro l. V ital auxiliaries such as feed pum ps, lubricating  pum ps 
and  ex traction  pum ps have a  standby  fitted with au to  self start, 
while o ther units including the D iesel generators are  provided 
w ith m anual rem ote contro l. In term itten t operations such as fuel 
transfer, pum ping bilges, etc., a re  carried ou t m anually  by the 
w atchkeepers. T he m ain m achinery system s and  units such as 
evapora to rs are  b rought in to  opera tion  m anually  bu t once 
connected  and  in use, function  autom atically . B unkering and 
ballast system s are  operated  m anually  using centralized rem ote 
contro l. T here is a  com prehensive m onito ring  and  alarm  system 
centralized in the contro l room  w ith m aster a larm  repeats a t 
strategic positions in the engine room  and  steering gear com 

partm en t, so th a t w hen the w atchkeeper is absent from  the 
contro l room  on his rou tine inspection o f  m achinery, o r for 
o ther reasons, he will know  im m ediately if a  fault condition  
arises and  will re tu rn  to  the con tro l room  to  deal w ith it. I t is not 
intended th a t the w atchkeeper should  spend all his w atch in the 
contro l room . The contro l room  itself, a lthough  enclosed, sound 
insulated and  a ir conditioned, is regarded essentially as p art o f 
the engine room  and is situated  as centrally as possible and  close 
to  the steam  driven units which have to  be m anually  restarted  in 
event o f failure, i.e. tu rb o  a lternato rs and  evaporators. The 
arrangem ent o f the contro l console is show n on Fig. 18 and

F ig . 18— Arrangement o f  the control console

shows th a t it has been kep t as short as possible an d  in three 
distinct sections, m ain  engine con tro l and  system s central section, 
boiler contro l and  instrum entation  p o rt section and  auxiliary 
m achinery sta rb o ard  section. The sw itchboard  faces the contro l 
console and  subsidiary functions such as the bunkering  station  
a re  kep t well clear a t one side o f  the con tro l room . T his arrange
m ent gives m axim um  control ability and  th e  greatest am oun t o f 
logically arranged  inform ation to  the w atchkeeper from  a central 
position.

T he refrigerating m achinery con tro l sta tion , together w ith 
its group  sw itchboard, rem ote contro ls, in strum enta tion  and  
data  logger are  all situated  on the flat above im m ediately 
adjacent to  the refrigerating m achinery. This p lan t is under the 
contro l o f the dayw ork refrigerating engineer but as previously 
stated  a  refrigerator m aster a larm  is inco rpora ted  in  the m ain 
contro l room  alarm  panel to  alert the m ain  w atchkeeper in the 
event o f  a  fault.

The bridge contro l system  is an electronic one coupled to  
the tu rb ine designer’s standard  electro hydraulic contro l o f  the 
m ain  m anoeuvring valves. T he system is necessarily m uch m ore 
e laborate  th an  th a t required  for D iesel m achinery, incorporating  
as it does program m ed rates o f  increase and  decrease o f  pow er, 
provision fo r m ovem ent o f  th e  engines ahead  and  astern  au to 
m atically every tw o m inutes to  prevent ro to r  d is to rtion  when 
stopped  o r standing by, provision fo r overriding action  in 
emergency, etc. T he boiler contro ls and  the au tom atic  contro ls 
in the steam , back pressure and  feed system s are  pneum atically  
operated , and  a  pneum atic  system is used fo r rem ote controlled 
valves on the oil fuel and  ballast systems.

OPERATIONAL EXPERIENCE
G enerally  speaking it can be said th a t these ships have 

fulfilled all the design in tentions, an d  in  particu lar the novel 
features o f container stow age and  handling, and  th e  refrigeration 
arrangem ents have been extrem ely successful. T here have, o f 
course, been various operational problem s during early  service
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and  reference has a lready been m ade to  v ibration. There have 
also been m achinery problem s bu t these have mostly been in the 
n a tu re  o f teething troubles and have no t been such as to  have 
any significant effect on  the operating  schedules o f the ship. 
They included one case o f L .P . turbine blade failure, due to  a 
nozzle excited resonant v ibration, which fortunately  involved no 
consequential dam age, and  was capable o f fairly simple rectifica
tion  by replacem ent o f  one diaphragm  by a  new one w ith a 
different num ber o f  nozzles. D isposal o f back pressure steam  
under standby m anoeuvring o r slow speed conditions has also 
posed som ething o f a  problem  since there was a tendency to 
erode main condenser tubes and to  overheat the L.P. eduction 
pipe w ith possible effect on  tu rb ine clearances. A t the sam e time 
the auxiliary condenser was no t entirely adequate, bu t design 
m odifications have now  been m ade to  overcom e this problem .

CONCLUSION
This paper has been w ritten  from  the point o f view o f one 

w ho has to  take an  overall view o f ship design as well as dealing 
in som e detail w ith the particu lar problem s arising in  widely 
different design areas. The aim  has been to  place on record  some 
o f  the particu lar problem s and  features in  the design o f cellular 
con ta iner ships in the hope tha t they m ay prove o f som e interest,

no t only to  o ther designers, but also to  those whose duty is to 
operate and  m aintain  the ships. T he au th o r  apologises for lack o f 
reference to  the extensive and  im p o rtan t electrical installation, 
this om ission is no t due to  any lack o f  m aterial but simply 
because to  include it in any w orthw hile fash ion  w ould exceed 
the perm itted length o f the paper.
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Discussion
M r. M. D. P en n ey  A .M . o f C ouncil R .I.N .A . said T able

I com pared  A .C .T . and  O .C .L . Bay C lass designs and  show ed 
the principal differences between the ships. In the foo tno te  the 
au th o r m en tioned  th a t the O .C.L. to tal con ta iner capacity  was 
being increased; this w ould stand  a t 1522 when m odifications 
to  ca rry  12 across on deck w ere com plete. T he O .C .L . ships 
ca rried  con ta iners fo u r high in the 11 a fte r sections, visibility 
p reventing them  from  carrying fou r high fu rth er fo rw ard . 
T h e  carriage  o f con tainers this high presented  no difficulties 
vis a vis the stab ility  and  w as a justification fo r th e  5 f t  ex tra  
beam  of the O .C.L . Bay C lass ships.

T he au th o r re fe rred  to  the flip-flop m echanism  a t the 
lead  in to  the con ta iner guides. P rior to  the ships entering 
service there was som e apprehension am ongst ship opera to rs 
and  m anagers ab o u t the p racticab ility  o f such a device. 
C ertain ly  the first p ro to type  produced  well befo re  the  com 
m issioning of the first ship, was no t strong enough to  stand  
u p  to  the no rm al w orking of containers, bu t a subsequent 
stronger design h ad  proved  very  sa tisfactory  in service and 
given no troub le . T he  sim ple hydraulic m achinery  fo r m oving 
flip-flops had  proved  satisfactory .

V ib ra tion  h ad  been a continuing problem  in the Bay 
C lass ships and  various steps w ere now under w ay to reduce 
it. W h a t h ad  been th e  reduction  o f the v ib ration  in the A .C.T. 
ships resulting  from  th e  m odifications m entioned?

R egard ing  m ooring  arrangem ents, b o th  O .C.L. and 
A .C .T . ships w ere sim ilar, and  ap a rt from  the very early  days 
w hen ships’ com panies w ere no t fu lly  aw are of the 
characteristics o f the m ooring  equipm ent, in O .C.L . ships the 
w inches have proved  very satisfactory . T he  cable lifters w ere 
in co rp o ra ted  in to  the self-tensioning w inches, thus saving 
m oto rs and m achinery  and  providing fo u r 4 in m u lti
d irectional wires a t each end. T h e  first line capability— using 
nylon bar rope— was also inco rpo ra ted  in a tensioning w inch 
a t both ends; th e  ships w ere w orked  satisfactorily  w ith an 
officer and  fo u r seam en a t each end.

W ith  re ference  to  th e  com m ents on stru c tu ra l features,
D , E  and  E H  grade steels w ere used  successfully in O .C.L. 
ships follow ing a schedule of w elding procedures tightly  co n 
tro lled  by  the staff o f O cean F leets L td . P rob lem s in handling 
these steels m ight be m ore acute if repairs— particu larly  large

repairs— h ad  to  be carried  o u t a t m in o r repa ir yards.
T he  au th o r gave an interesting accoun t o f th e  stra in  

gauge experim ents; a large num ber of these had  been carried  
o u t in  O .C.L . vessels on a con tinuous basis. C ould  th e  au th o r 
explain w hy experim ents w ere d iscontinued  befo re  the w orst 
conditions had  been experienced? M ight there  be a  case in 
ships of this type fo r p erm an en t stra in  gauges to  be fitted 
w ith ind ication  on the b ridge w hen nearing  the lim its o f stress?

I t  w as th o u g h t th a t a t present, there  w as insufficient 
experience w ith re frigera ted  containers to know  w ith certa in ty  
w hether th e  system  adop ted  in bo th  O .C .L . and  A .C .T . ships 
was the best expedient, o r w hether the degree of flexibility of 
tem pera tu re  con tro l per con ta iner and ta in t p roo f subdivision 
was the best possible. O .C .L . and  A .C .T . ships varied  slightly 
in this respect, and  a  little m ore  experience was necessary 
before  a fu ll appra isa l could  be m ade.

D i p l . I n g . H . H . E r l e n w e in  disagreed w ith the au th o r 
on th e  arrangem ents in tended  fo r th e  A .C .T . ships now  under 
construction , regard ing  the inco rp o ra tio n  o f the  sides o f the 
hatch  coam ings in to  a  con tinuous longitud inal g irder continued  
over the w hole length o f th e  holds and  accom m odation .

M r. A. P axton  M .R .I.N .A . asked th e  au th o r to  com m ent 
on the difficulties so fa r  experienced in load ing  the containers 
on the fastenings on the h a tch  covers.

R egard ing  v ib ra tion , w hat w as th e  num ber o f blades 
eventually  selected fo r the  propeller, and  w hat precautions 
w ere taken  to  ensure th a t the num ber so chosen avoided 
resonances o f the n a tu ra l v ib ra tion?

M uch had  been said  ab o u t th e  various types o f stabilizers. 
W hat correction  w ould it be possible to m ake  in the stab iliza
tion  system to  allow  fo r varia tion  in the  G .M . of the vessel? 
W hat w as the effectiveness o f th e  stabilization  system  w hen the 
ship m et heavy seas on  one o f her stern  q u arte rs?  It was 
p resum ed th a t a  load ing  p lan  w as p repared  to  indicate the 
w ay containers w ere to  be loaded  on  b oard  to  ensure they 
w ere in the righ t position fo r discharge, as well as to  show  the 
effect on th e  G .M . o f th e  ship.

T h e  au th o r c laim ed th a t th e  system  was designed to  be 
capab le  of carry ing  a  varie ty  o f re frigera ted  cargoes. H ow  
m an y  types o f cargo could  be carried  in any one vessel and  
at w hat varia tion  o f tem pera tu res?
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R eference  w as m ade to  the electrical load ing  considered 
in con junction  w ith the refrigeration . In  this connexion , did 
th e  cooling  dow n o f the cargo to  its carry ing  tem p era tu re  
take  place before  the con ta iner w as received on b o ard ?  If  the 
cargo  had  to  be cooled  dow n fro m  atm ospheric  tem p era tu re  
a fte r  load ing  in the ship, w hat period  o f tim e w as envisaged 
fo r th is opera tion?

W ith  reference to  ta in t, it w ould  be in teresting  to  know  
how  th is was contro lled  betw een con ta iners carry ing  different 
cargoes, and how  the con ta iners them selves w ere cleared  of 
ta in t betw een un load ing  and  load ing  operations.

W ere ozone genera to rs fitted  to  the ship in th e  air cooling 
system ?

In  the conventional type o f re frigera ted  ship on the 
A ustra lian  trade , arrangem ents w ere m ade  fo r the carriage  of 
chilled m eat. W ere such provisions now  m ade  in containers? If 
so, w as the m eat hung, an d  w h a t steps w ere taken  fo r the 
sam pling o f the C O ; co n ten t an d  fo r the in jection  o f th a t gas 
w hen required?

C ertain  fru it req u ired  con tinuous m on ito ring  of tem p era 
tures to  ensure only  a  sm all varia tion  plus o r m inus; w hat 
steps w ere taken  to  achieve th is?  I t  seem ed im possible to 
m o n ito r exactly  th e  am o u n t o f fru it carried  in each individual 
con ta iner and  it w ou ld  be valuab le  to  know  how  this difficulty 
w as overcom e. W ith  th e  carriage o f fru it, the  problem  o f C O . 
sam pling arose. W as th e  C O  con ten t ascerta ined  from  the 
re tu rn  air duct o r from  som e o ther m eans o f m onito ring  each 
con ta iner?  W as there  any m ethod  o f varying th e  num ber of 
air changes to  suit different cargoes? T h e  m in im um  tem p e ra 
tu re  o f cargo being specified, w as there  a  m ax im um  fo r the 
carriage of ce rta in  fruits?

O n a recen t A m erican  ship, a flush deck configuration  
had  been designed w ith o u t ha tch  coam ings fo r th e  w hole 
length o f the ship. H ad  th is configuration  been considered  at 
an early  stage o f the  design o f these vessels? D id  the au th o r 
envisage th a t the  advent o f con ta iners w ou ld  eventually  
prec lude  th e  use o f conven tional re frigera ted  vessels on 
A ustra lian  service?

H as th e  au th o r considered  the ca rriage  o f bananas in 
con ta iners?

M r . J. R . St o t t , M .I.M arJE ., no ted  the sim ilarity  
betw een O .C .L . an d  A .C .T . ships regard ing  refrigera tion  
design.

T h e  au th o r h ad  sta ted  th a t th e  coolers w ere placed a t the 
sides o f th e  re frigera ted  ho lds w ith a resu ltan t saving in 
length. C om paring  th e  draw ing  by M eeks{1) there  w ould 
appear to be little saving in length  in th e  refrigera ted  holds 
b u t w hat did em erge w as the trem endous difference in length 
of th e  engine room s. T h e  coolers w ere n o t placed in the  wings 
on the  O .C .L . ships because th a t space w as requ ired  fo r tanks. 
A lthough  th e  au th o r had  poin ted  ou t this difference in cooler 
position  as being a m ain  one betw een th e  tw o classes o f ships, 
it w as only a m a tte r o f layou t and  o f no fundam en ta l 
significance.

H e  though t th e  use o f th e  w ord  op tim um , w here the 
au th o r had  claim ed th a t the insu lation  fitted to  the holds gave 
op tim um  tem peratu res, should  be qualified by  th e  sta tem ent 
th a t th is w as th e  op tim um  tem p era tu re  fo r a  sh ip  bu ilt largely 
o f o rd in ary  m ild  steel. In th e  early  stages o f th e  design of 
O .C .L . ships it was considered im pruden t to  have  a ship w ith 
insu lated  ho lds o f o rd inary  m ild  steel, as the  safe ty  o f the 
ship w ould  at tim es depend  on the  co rrec t function ing  of 
heate rs fitted  in  the insu la ted  holds. A ccordingly , it was 
decided on these vessels to  use special quality  steel su itable 
fo r low  tem pera tu res in w ay  o f the  insulated holds. T his 
obv ia ted  th e  requirem ent o f the A .C .T . ships to  m ain ta in  
ho ld  tem pera tu res above freezing p o in t a t all tim es, and  it 
becam e feasib le  to  insulate th e  holds to  a h igher standard . 
T his w as carried  o u t on O .C .L . ships so th a t th e  hea t leakage 
into a ho ld  w as abou t 55 per cent o f th a t in to  a co rresp o n d 
ing ho ld  on A .C .T . ships.

W ith fo rced  a ir cooling o f re frigera ted  cargoes, as used 
in these vessels, there  w as a  re la tionsh ip  betw een heat leak 
age and  w eight loss o f c a rg o : the low er th e  hea t leakage the

low er the w eight loss. In  assessing optim um  insu lation  w eight 
loss considerations could  no t be ignored. A lthough  the in su la
tion  s tan d a rd  of th e  A .C .T . ships w as a reasonab le  com 
prom ise, it should  no t be unquestionab ly  accepted  as the 
op tim um  fo r fu tu re  ships.

T h e  au th o r h ad  said th a t screw  com pressors w ould  have 
been m ore  expensive if  prov ided  fo r A .C .T . ships. O ne w as 
co n fron ted  w ith  the problem  o f in trinsic cost as com pared  
to  the buying price. Screw  com pressors w ere used on O .C.L . 
vessels and  a  m an u fac tu re r w as able to  p rovide them  a t the 
sam e price as th e  conven tional rec ip rocating  com pressors.

R egard ing  electrical capacity , it w as sta ted  th a t the esti
m ated  load  w as 800 kW  fo r cooling dow n cargo a t sea and  
550 kW  fo r cooling refrigera ted  cargo  th ro u g h  the tropics. O n
O .C .L . ships an  estim ated lo ad  fo r cargo in th e  tropics w as 
ab o u t 450 kW  and  this was th e  m ax im um  provided  fo r th e  
re frigera ted  insta lla tion . T h e  h igher figure of 800 kW  (putting  
all the  refrigera tion  p lan t on  together), w hich endeavoured  to  
cool dow n the ship and  all con ta iners sim ultaneously , w as 
n o t considered, as this w as a cond ition  no t m et in practice .

M r . T .  K a m e e n , M .I.M ar.E ., had  been associated 
w ith a fleet o f R o /R o  con ta iner ships and  m et m an y  sim ilar 
p roblem s. Inev itab ly  solu tions h ad  been different. H e  asked 
the follow ing questions on th e  a u th o r’s p a p e r :

a) had  th e  design speed been ach ieved  in service, and  if 
so, had  this p roved  adequa te  fo r th e  schedule?

b) w as consideration  given to  th e  use o f con tra -ro ta tin g  
propellers?

c) w hat was the ph ilosophy  behind  the choice o f back  
pressure tu rb o  a lte rn a to rs : h ad  this p roved  to  be the 
righ t decision or w ould  opera tion  o f the ships in service 
have been m ore  flexible if, say, one  self-condensing 
set had  been installed?

d) w ith regard  to  the electrical in sta lla tion  w hat short 
c ircu it p ro tection  had  been in s ta lled : w ere the a lte r
na to rs  tested  u nder sho rt c ircu it cond itions and  was 
th e  effect o f a  sh o rt circu it situation  on th e  gearing and  
prim e m over investigated  and  due allow ance m ade 
in th e  design of th e  gearing?

e) th e  em ergency genera to rs w ere a rranged  fo r rem ote 
m anua l s ta rt u p  in th e  event o f a m ain  a lte rn a to r 
fa ilu re . W hy w as th is facility  n o t extended to  p rovide 
au tom atic  s ta rt up  on fa ilu re?

f) w ha t w as the  ph ilosophy  behind  the separa tion  of 
refrigera tion  and  propulsion  m ach inery  con tro ls?  A  
d a ta  logger w as p rov ided  fo r the re frigera tion  p lan t, 
w hy w as this no t extended  to  include the p ropulsion  
m achinery?

g) was consideration  given to  the in sta lla tion  o f la te ra l 
th ru st un its— if so w hy w ere they  no t fitted?

h) h ad  th e  decision to  install a  tank  stab ilizer system  
been show n in service to  be co rrec t?

i) had  the lashing system  adop ted  fo r these ships proved 
successful in service?

j) cou ld  th e  au th o r give fu rth e r in fo rm atio n  regard ing  
hu ll v ib ra tion— presum ably  th is w as p rope lle r induced 
b u t cou ld  som e m ore  in fo rm atio n  as to  the  rem edial 
steps taken  be given?

M r . A . N . S. B u r n e t t , M .I.M ar.E ., re ferred  to  the 
delivery dates o f  th e  first O .C .L . and  A .C .T . ships which, 
from  th e  design stage w ere bo th  delivered in u nder th ree  
years. T h is w as a rem ark ab le  achievem ent.

H e  com m ented  th a t m an y  w ere concerned  ab o u t the 
am o u n t o f dam age caused o r cla im ed  by v ib ra tion .

O n the subject o f  shrouded  p ropellers, D r. van  M anen  
in H o llan d  h ad  sta ted  th a t, as a  resu lt o f experim ental w ork, 
an  increase in  pow er could  be installed  to  a given propeller 
d iam eter and  also th a t a vessel fitted w ith  sh rouded  propellers 
on  tw o shafts  h ad  superio r m anoeuvring  qualities com pared  
to  a vessel w ith  a conven tional single p rope lle r a rran g e
m ent.

A n au th o rity  in Sw eden had  recen tly  sta ted  th a t from  
m odel experim ents it h ad  been fo u n d  th a t ten  to  fifteen per 
cent increase in  p ropeller efficiency could  be ob ta ined  w ith a
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nozzle, leading to  a  saving of £12 000 per annum  fo r an 
in itia l cost o f ab o u t £100 000. T he  w eight o f th e  nozzle, w hich 
was th e  largest ever fitted, w as 63 tons and  it w as now  being 
fitted  to  a  130 000 dw t tanker.

H e  h ad  been connected  w ith tug  opera tions w here 
sh rouded  p ropellers w ere used and  v ib ra tion  h ad  been 
e lim inated  a lm ost entirely . D r. van M anen  and  o ther au th o ri
ties h ad  show n th a t v ib ra tion  could  possibly be reduced  by 
the fitting o f shrouded  propellers. T here  w as ab u n d an t 
evidence th a t there  w ere benefits to  be ob ta ined  from  the use 
of sh rouded  propellers. H e  w ondered  w hether shrouded  p ro 
pellers w ere being considered  fo r fu tu re  ships.

T h e  au th o r h a d  m en tioned  th a t his ph ilosophy was th a t 
w ith  one officer an d  ra tin g  on  w atch  using the roving 
engineer concept th a t there  w ould  be bridge con tro l. C onstan t 
n igh t w atches did no t appear to  be necessary w here bridge 
con tro l w ith  a roving engineer w as operated .

W hy w as the un m an n ed  engine ro o m  concept n o t adopted , 
possibly it w as due to  d o u b tfu l reliability  o f m achinery?

W as th e  co n tro l cen tre  m entioned , m ean t to  be in tegrated  
w ith a m ain tenance  cen tre  thus enabling som e m ain tenance  
to  be carried  ou t in  the vicinity of th e  console arrangem ent?

M r . A. R. H in s o n , M .f.M ar.E ., said th a t in Figs
11 and  12 the con tro l console w as placed righ t fo rw ard  
against th e  w heelhouse fro n t. I f , as som etim es happened , the 
bridge w indow s leaked, w ith th e  arrangem ent show n in these 
figures, it w as possible th a t a  trick le o f w ater could enter the 
back o f the console. W ere any special precautions taken  fo r 
w indow  and  console sealing?

If  th e  console w ere p laced , say  18 in  a ft o f the wheel- 
house fro n t, n o t only  w ou ld  th ere  be no  risk  o f leakage, bu t 
access to  the console fo r m a in ten an ce  could  be im proved by 
fitting doors on the fo rw ard  side. I t  w ou ld  still be possible 
to have unim peded  passage fo r the w hole w id th  of the bridge 
and  to com pensate  fo r th e  slight res tric tio n  in  visibility, the 
console and  the seat could  be raised .

W ith regard  to  the  console itself th e  au th o r stated: 
“red u n d an t in fo rm ation  o r excessive size in  this position  
m erely  serves to  confuse and  m ask  th e  rea lly  im p o rtan t 
th ings” . I t  w ould  seem  th a t this w as self-evident yet it w as 
surprising  how  often  w e received p lans in  L lo y d ’s R egister of 
bridge contro ls w here there  w as in fo rm a tio n  d isplayed w hich 
th e  bridge officer d id  n o t need to  know  and  ab o u t w hich he 
could  do nothing.

M r. H inson  th o u g h t th e  console a m odel o f sim plicity 
and  the con tro l o f p ropu lsion  and  steering effected from  so 
com pact an  arrangem en t rem arkab le .

T he  sam e sim plicity  w as evident in th e  m achinery  contro l 
console show n in F ig . 18. T h e  console w as in  th ree  distinct 
sec tio n s: m ain  engine con tro l, bo iler con tro l and  auxiliary  
m achinery . A gain, this w ould  seem  obvious, bu t a t least one 
accident h ad  occurred  w hich could  have been partly  
a ttrib u ted  to  bad ly  la id -ou t con tro ls.

H e  th o u g h t th e  w indow s o f the  engine ro o m  w ere too  
large. T hey  should  be as sm all as possible w ith the glass re in 
fo rced  w ith w ire netting  in o rd e r to  m ain ta in  as m u ch  as 
possible the in tegrity  o f th e  room  in cases o f fire o r explosion.

Correspondence
M r . K . V. T a y lo r . M .I.M ar.E ., in a w ritten  co n 

tr ibu tion  said  the au th o r h ad  ind icated  th a t the ha tch  corner 
shape w as lim ited  by th e  need to  fit the  con ta iner guides as 
close to  the corners as possible in o rder to  m inim ize the to ta l 
ex ten t o f th e  deck opening requ ired . Perhaps the re luctance to 
increase the ha tch  cover size was w hy the deck opening was 
kep t to  a m in im um , and  as a  resu lt th e  co rner shape was 
alw ays m ade  o f less im portance  and  as sharp  a  co rner as 
perm itted  by th e  classification requ irem ents fitted.

T h e  adop tion  o f elliptical shaped  corners was an added 
advan tage  since it had  been show n th a t they  perm itted  the 
guides to  be located  to  better effect so fa r  as the  m inim um  
ha tch  a rea  w as concerned . U n fo rtu n a te ly , regard ing  the 
stresses induced  by to rsion , it w ould  be m ore  beneficial fo r 
th e  m ajo r axis o f the ellipse to  be athw artships instead of 
fo re  and  a ft w hen the stress system resulted from  the w arping 
o f th e  tw o ends o f th e  transverse deck strip . H ow ever, since 
th e  stresses occurring  in th e  co rner w ere a com bination  o f at 
least tw o stress system s w hich w ould vary  in  m agn itude  under 
different load ing  conditions, it w ould  seem  logical to  fit a 
c ircu lar co rner in o rder to  ob ta in  the op tim um  concentration  
fac to r. I t  should  be b o rne  in m ind th a t fo r the stress co n 
cen tration  fo r ships o f this type, it was no t the w idth of the 
opening in respect to  the b read th  of the ship th a t was 
im p o rtan t, bu t the re lative w idth  of th e  deck strip  in re la tion  
to  the  co rner rad ius. O bviously, fo r a given co rner rad ius a 
th in  deck ligam ent betw een hatches w ould  be less stressed

than  a  w ider strip  w ith the sam e co rner.
O n the question  o f th e  full-scale m easurem ents ob ta ined  

from  A .C .T . I, it m ust be po in ted  ou t th a t the  chance o f 
m eeting th e  w orst conditions on a single specific voyage w as 
very rare . F o rtu n a te ly  fo r the naval arch itec t the p robab ility  
o f extrem e conditions w as very  low , an d  because o f this the 
designer w as able to  th ink  in  term s o f a 10_s p ro b ab ility  o f 
occurrence in  respect to  a design load . H ow ever, this d id  no t 
m ean th a t a lim ited full-scale struc tu ra l investigation  a t sea 
was no t useful, and  providing the righ t so rt o f in fo rm ation  
was collected it w as possible to co rre la te  these da ta  w ith those 
ob tained  by a theore tica l technique. T h is could  be taken  a 
stage fu rth er by extending the theo re tica l d a ta  and  building 
up a behav iour p a tte rn  based on long-term  w eather and  rou te  
statistics.

R egard ing  v ib ra tion , the m ain  difficulty w ith  these ship 
types had  been the large am oun t o f pow er requ ired  to  m eet 
th e  speed regulations in  association  w ith an  a ll-aft accom 
m odation . G ood  flow conditions in to  the propeller were of 
prim e im portance, bu t th e  close p rox im ity  o f living spaces to 
the propeller m eant th a t even a sm all am oun t o f energy could  
be effective in  exciting resonance in  local stru c tu re  particu larly  
in  the superstructu re . In  th e  second generation  o f con ta iner - 
ships, this should no t be a  p roblem  a lthough  w ith even higher 
pow ers being incorpora ted  in these ships and  tw in propellers, 
fu rth er new  v ib ra tion  problem s m ight be faced  in  the fu ture.

Author's Reply
T he au th o r in  rep ly  to  M r. P enney  said  he w as g ra tefu l 

fo r the  in fo rm ation  th a t th e  to ta l con ta iner capacity  o f the
O .C .L . ships w as being increased  to  1522 containers. T he  
cu rren t capacity  fo r th e  A .C .T . ships w as in excess o f 1400 
depending on d raugh t and  required  loading condition .

T h e  flip-flop m echanism  w as w ork ing  satisfactorily  in

O .C .L . ships; nevertheless, he  fe lt it w ould  be advantageous 
to  om it th is, because it  h ad  to  be opera ted  and  m ain ta ined  
and  could be vulnerab le . T h is w as one advantage o f having 
the containers stow ed eight ab reast below  decks in the A .C .T . 
ships as opposed to  nine ab reast in  the O .C .L . ships.

R egard ing  v ib ra tion , the stiffening m en tioned  in the paper
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Author's Reply

h a d  reduced  the  v ib ra tion  am plitudes by som e 60 to  70 per 
cent. T he  v ib ra tion  was re la ted  to  th e  num ber o f b lades in  
the propeller; it  was n o t a  n a tu ra l hu ll v ib ra tion  bu t a 
v ib ra tion  o f th e  deck house w hich took  the  fo rm  o f a ro ta 
tion  o f the en tire  house ab o u t a h o rizon ta l a thw artsh ips axis 
th rough  the low est fo rem ost p o in t o f th e  house. I t  cam e to  
a  peak som ew here above the m ax im um  ru nn ing  speed b u t it 
was significant from  130 re v /m in  upw ards. A nalysis show ed 
th a t the superstructu re  v ib ra tion  w as re la ted  to  the vertical 
stiffness in th e  a rea  just ab a ft th e  boilers and  add itional 
stiffening was fitted a t th is po in t. V ib ra tion  conditions could  
now  be considered generally  sa tisfac to ry  and  acceptable.

On the question  o f m ooring , the  a rrangem ents in the two 
classes of ships fo llow ed b road ly  the sam e lines and  the 
num ber o f people em ployed w as the sam e. T he  differences 
therefore resolved them selves in to  a  question  of first cost 
balanced against the ease o f o p era tion  in th e  tw o cases.

A .C .T . h ad  avoided using special steels w herever possible, 
particu larly  high tensile steel. T h e  rep a ir p rob lem  had  been 
very m uch in m ind  in  th is connexion.

U n fo rtu n a te ly  th ere  w ere practical considerations w hich 
prevented  stra in  gauge experim ents from  being fu rth e r 
investigated. M r. P enney  re fe rred  to  the possibility  o f having 
perm anen t stra in  gauges fitted  to  ships in o rder to  determ ine 
the limit o f stress so th a t th e  sh ip ’s course m ight be altered  
o r the ship slow ed down; this w as connected  w ith the idea 
o f having slam m ing gauges in  som e ships. T h is was feasib le if 
the an tic ipated  stress levels w ere high enough to  give possible 
danger in  severe conditions. T he c rite ria  w hich w ould justify  
perm anent stra in  gauges w ould , how ever, need carefu l co n 
sideration .

H e  was g ra tefu l fo r M r. E rlenw ein ’s co rrec tion  o f  his 
sta tem ent regarding th e  con tinuous g irder runn ing  in to  the 
accom m odation . T h is d id  n o t re fe r to  the fu tu re  construction  
w ith w hich M r. E rlenw ein  w as concerned  b u t to  ano ther 
class o f ship. T h e  reason w hy fu ller details w ere no t included 
in th e  pap er w as th a t, as h a d  been sta ted , no a ttem p t had  
been m ad e  to  describe all fea tu res o f th e  ships bu t ra th er to  
select certa in  problem s. In  the  case o f m ach inery  the a rran g e 
m ents generally  co n fo rm ed  w ith accepted  m odern  design bu t 
w ere n o t necessarily  pecu liar to con ta iner ships, and  there fo re  
he had  only  h ighlighted p roblem s w hich he though t w ere of 
particu lar interest.

In  reply  to  M r. P ax to n ’s q uery  on th e  difficulties in 
landing con ta iners on the  fastenings on  the hatch  covers, so 
fa r  as he w as aw are there  had  been no special difficulties 
though the opera tion  o f stow ing deck containers was in 
evitably  slow er th an  th a t o f  stow ing containers in the guides 
below  decks.

B efore fixing the p ropeller b lade num ber a t fou r, a full 
theoretical investigation  w as carried  ou t into the various 
m odes of v ib ra tion  of the  hu ll and  o f th e  to rsional and  axial 
v ib rations o f th e  propelling  m ach in e ry /sh a ftin g  system  in 
o rder th a t resonan t frequencies w ould  be avoided a t the 
con tinuous runn ing  speed. As previously  sta ted  the  v ibration  
experienced w as local to  th e  superstructu re .

Passive tan k  stabilizers w ere fitted to  deal w ith  cond i
tions w here th e  ship m ight be  lightly  loaded  w ith a high G .M .. 
to  reduce th e  v io lent m o tion  expected. T h e  value of stabilizing 
tanks varied  u nder different w eather conditions and  they  w ere 
likely to  be least effective w ith  a  qua rte rin g  sea. T w o tanks 
w ere fitted and  their characteristics could  be varied  by using 
one o r b o th  tanks and  by varying th e  height o f w ater in 
these tanks. W ith  a fu lly  loaded  ship and  low  G .M . the tanks 
w ere n o t requ ired  and  w ould  be left em pty.

C on ta iners w ere loaded stric tly  to  a  p lan designed to  
provide the desired stab ility  as well as in re la tion  to  the best 
positions fo r load ing  and  discharge. W ith refrigera ted  cargo 
tem p era tu re  and  ta in t m ust also be taken  into account.

T here  w ere fo u r coolers fo r each m ain  refrigera ted  hold  
and  all the con ta iners connected  to  any  one coo ler w ould  be 
opera ted  a t th e  sam e tem pera tu re . T h e re  w as a m ax im um  of 
24 con ta iners per cooler b u t in th e  ho lds fu r th e r aft. N os 9 
and  10, the num ber o f con ta iners per cooler w as sm aller. T he

design p erm itted  cargo  to  be carried  a t tem pera tu res w ithin 
the range - 1 0 ° F  ( - 2 3 ° C )  and  50°F  (10°C).

T he  refrigera ting  p la n t w as n o t designed fo r cooling 
dow n cargo fro m  atm ospheric  tem pera tu res, th e  cargo m ust 
be p re-cooled  on delivery, bu t nevertheless, som e varia tion  
from  the co rrec t carry ing  tem p era tu re  m igh t be experienced 
w hen the con ta iners w ere loaded , depending on the tim e in 
tran sit from  th e  freezing w orks or shore refrigera ted  stack 
and  the  ships p lan t w as o f am ple capacity  to  bring  the cargo 
rapidly  to  the co rrec t tem pera tu re .

Steelw ork sub division p rov ided  the only  effective sa fe 
g uard  against tain t; one possib ility  w as th a t con ta iner doors 
m ight leak . T his m ean t th a t th ere  w ere six sub divisions o f 
th e  cargo space subject to  ta in t, tw o q u a rte r  ho lds and  one 
ha lf ho ld  in N o. 10, tw o w hole holds N os 8 and  9, and  one 
h a lf  ho ld  N o . 7. A ll con ta iners ca rried  in each one o f these 
com partm en ts m ust be com patib le  fro m  the  po in t o f view o f 
ta in t. R egard ing  clearing ta in t from  a co n ta iner, th e  a rran g e 
m ents used in  o rd in ary  re frig e ra ted  ships w ould  be used in  
th e  con ta iners them selves; th is w ould  no rm ally  be done 
ashore.

P rovision had  been m ade  fo r fitting ozone genera to rs in 
each cooling space, and  tw o po rtab le  genera to rs w ere carried  
in each ship. N o  provision  h ad  been m ade  fo r carry ing  chilled 
m eat and  there  w ere no  arrangem en ts fo r CO_ in jection . 
CO; sam pling arrangem ents w ere, how ever, fitted fo r each 
cooler system . I t  should  be no ted  th a t prov ision  m ade fo r c a r
riage of chilled m eat in conven tional re frigera ted  ships on  the 
A ustralian  trad e  rou te  had  been v irtua lly  unused  over the years.

T h e  tem pera tu res w ere m easu red  in  th e  re tu rn  air from  
each ind iv idual con ta iner. T hese tem pera tu res together w ith 
the supply and  re tu rn  air tem p era tu re  a t each cooler w ere 
au tom atica lly  reco rded  on a d a ta  logger once a w atch  o r as 
requ ired . Special arrangem ents fo r con tinuous m on ito ring  of 
fru it cargoes fo r N o rth  A m erica w ou ld  be fitted  in  addition  
to  the above fo r ships to be em ployed  in  th a t trade , b u t th a t 
did n o t apply  to  th e  A .C .T .I. class o f ship. A ir changes, as 
sta ted  in  th e  p ap er, w ere 40 per h o u r and  could  no t be 
increased above this fo r a fu ll outfit o f con ta iners . T he  highest 
tem pera tu re  allow ed fo r in  th e  design w as 50°F  (10°C ), w hich 
w ould  be req u ired  fo r c itrus fru its.

F lu sh  hatches h a d  been used on an  open deck type co n 
ta iner ship. T hey  w ould  no t show  to  advan tage  in a cellu lar 
type con ta iner ship w here con ta iners w ere taken  o u t vertically .

T he  au th o r could  no t say to  w hat ex ten t con ta iner o p e ra 
tions w ould  finally  encroach  on th e  p ro p o rtio n  o f the 
A ustra lian  tra d e  carried  in  conven tional ships, b u t clearly  the 
la tte r w ou ld  be drastica lly  reduced . T hese  con ta iner ships 
w ere only ab le  to  serve certa in  specially equ ipped  ports, 
and  various o ther sm aller po rts in the p roducing  countries 
concerned  had  to  be d ea lt e ither by conven tional ships o r by 
sm all feeder con ta iner ships.

T he  vessels in question  h ad  no t been designed fo r the 
carriage o f b an an as: one reason  w as th e  num ber of air 
changes w ould  no t be  adequate .

C ap ta in  Jenks agreed w ith M r. S to tt th a t th e  p lacing o f 
the coolers had  no significance in principle regard ing  re frig e ra 
tion  b u t h ad  a m uch  m ore  significant effect on the struc tu ra l 
a rrangem ents o f the ship. T h ere  w as a reduc tion  in length in 
the re frigera ted  holds com pared  w ith  th e  O .C .L . ships though  
again he agreed w ith M r. S to tt th a t th ere  w as a m uch g reater 
saving in the engine-room  and  forecastle .

T he  stan d ard  o f insu lation  and  size o f th e  refrigera ting  
p lan t w ere in ter-re la ted  and  in all cases o f re frigera ted  ship 
design a com prom ise w as reached  w hich took  accoun t o f the 
weight, space and  cost o f in su la tion  and  th e  capacity , first 
cost and  runn ing  cost o f the  refrigera ting  p lan t. In  th e  case 
o f the  con ta iner ships th e  h o ld  insu lation  w as in  series w ith 
th e  insu lation  o f the  con ta iners and  th e  s tan d ard  o f hold 
insu lation  adop ted  in th e  A .C .T .I. class gave an  overall K  
value o f th e  sam e o rd e r as th a t w hich w as cu stom ary  in 
conventional refrigera ted  ships. Irrespective  o f  steel tem p e ra 
tures, therefo re , it w as considered  th a t a  reasoned  co m 
prom ise o f the above fac to rs h ad  been adop ted .
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Some Factors in the Design o f  Cellular Container Ships with Particular
Reference to Refrigerated Cargo

It w as n o t clear on  w hat g rounds M r. S to tt based his 
sta tem en t th a t th e  hea t leakage in the O .C .L . ships w as abou t 
55 per cen t o f th e  A .C .T . T h is cou ld  only be determ ined  by 
accu ra te  hea t leakage tests in  the tw o classes o f ship and 
w ould  depend  no t only  on  the nom inal thickness and  specific 
conductiv ity  o f th e  insulating  m ateria l bu t also on its co n 
sistency and  on th e  a rea  and  configuration  of the steelw ork. 
T he  p lain  steel surfaces devoid of all exposed stiffeners, w hich 
p erm itted  th e  use of fac to ry  m ad e  po lyure thane  slabs, w ere 
fav o u rab le  from  the points o f view of m in im um  area  to  be 
insu lated , consistency o f p roduc t, low  cost o f in stalla tion  and  
avo idance  o f certa in  difficult sh ipyard  problem s w hich w ere 
im plicit w ith sprayed  in situ  po lyure thane  used by O .C.L .

R egard ing  M r. S to tt’s im plication  th a t the safety  of the 
ship cou ld  depend  on the co rrec t function ing  of th e  hold  
cond itioner, even if  th is u n it w ere inoperative it w as only the 
exposed steelw ork, o r th a t w hich, a lthough  insulated , lay 
betw een hold  and  cooler o r a ir trunk  th a t could fall below 
32°F . T he  fo rm er d id  n o t fo rm  an essential p a rt o f the 
streng th  g irder o f the  ship and  th e  la tte r w as m ade of the 
ap p ro p ria te  g rade  o f steel.

M r. S to tt’s rem arks ab o u t screw  com pressors w ere noted  
and  it w as agreed  th a t cost com parisons w ould  often  depend 
on  w hich m an u fac tu re r w as concerned.

I t  w as also agreed th a t the theoretical 800 kW  cooling 
dow n lo ad  w as unrealistic  and  it was n o t taken  seriously in to  
consideration  w hen p lann ing  th e  electric generating  capacity . 
T h e  figure o f 550 kW  holding load  quo ted , covered the 
orig inal designed capacity  fo r 374 refrigera ted  containers and  
th e  generating  capacity  w as no t reduced  w hen it w as decided 
to  reduce th e  num ber o f refrigera ted  containers to  326. T he 
m axim um  trop ica l refrigera ted  holding load  th a t had  been 
experienced in service w as 410 kW .

T h e  au th o r shared  M r. K am een ’s regret th a t the 
electrical in sta lla tion  had  no t been m entioned, bu t th e  length 
o f the paper had  to  be k ep t w ith in  reasonab le  bounds and  it 
w as never in tended  to  p rov ide a com plete description o f the 
ships.

D esign speed h ad  been a tta ined  and  it w as adequate  for 
the schedule w hich did n o t require  an overall average o f 22 
knots to  be m et.

C o n tra -ro ta tin g  propellers w ere n o t considered fo r these 
ships bu t h ad  been considered fo r la te r ships. I t w as no t 
possible to  em bark  on such an experim ental concept for ships 
o f  such im portance  as these.

Back pressure a lte rna to rs  p rovided a reasonable  com 
prom ise betw een first cost, operating  econom y and  com pac t
ness. T he  flexibility o f operation  had  been qu ite  adequate  
and  there  w as no reason to d oub t th e  correctness o f the 
decision fo r these particu la r ships. T he  a lternato rs had  no t 
been subjected  to  sho rt c ircuit tests, bu t w ere pro tec ted  by 
the ir b reakers in the usual m anner. T h e  ex tra  safeguard  
expected  w ith such tests h ad  to  be considered and  balanced 
against the danger th a t in th e  process o f carry ing  ou t these 
tests som e fau lt m igh t occur in the m achinery  w hich m ight 
rem ain  undetec ted  un til la te r on.

R em ote  m an u a l start-up  w as sim ple, reliable and  in 
expensive. I t prov ided  a good facility  fo r rap id ly  restoring the 
situa tion  in  event o f m ain  a lte rn a to r failure , as had  been 
proved  by tests a t sea. A  m ore com plex au to -sta rt and self 
paralle ling  arrangem en t w hich m ight be less reliab le  was no t 
considered necessary o r desirable.

R egard ing  th e  separa tion  o f refrigerating  and propelling 
m achinery  con tro ls th is w as a na tu ra l and  logical process. If  
there was a  fau lt the refrigera ting  m achinery  w ould  shu t itself 
dow n. R efrigera ted  cargo w as no t a t risk fo r som e hou rs and 
a  m aster a larm  fo r any  refrigera tion  fau lts w ould  opera te  
a t the m ain  con tro l position . F ro m  th e  po in t o f view of 
periodic opera tion  on th e  refrigerating  p lan t, carried  o u t by 
the refrigera ting  engineer, it w as highly desirable to  co n 
cen tra te  all his con tro ls and  in fo rm ation  in th e  im m ediate 
vicinity  o f th e  refrigera ting  m ach inery  and  the brine room , 
w hich had  their ow n local con tro l panels.

A  d a ta  logger w as essential fo r re frigera ted  cargo 
tem pera tu res, a  large num ber o f w hich h a d  to  be recorded  at 
frequen t in tervals. I t  w as n o t considered  justifiable to log 
th e  o rd inary  m achinery  quan tities, w hich needed to  be 
checked and  assessed by th e  responsib le  sh ips officers a t the 
tim e. P rin t o u t da ta  logs o f these qu an tities  tended  to  p ro 
duce a m ass o f in fo rm atio n  w hich w ou ld  never be used.

L a te ra l th ru s t units w ere no t considered  justified fo r 
these ships w hich served a  sm all fixed n u m b er o f  term inals 
and  w here the num ber o f p o rt m ovem ents w as relatively  
sm all. R eference h ad  a lready  been m ade  to  the  tank  
stabilizing system . T h e  lashing system  h ad  p roved  satisfactory  
in service.

T he  au th o r app recia ted  M r. B u rn e tt’s rem arks regard ing  
the ships’ delivery program m e, m a jo r cred it fo r this m ust lie 
w ith the builders, b u t th e  good  team  w ork  and  co-operation  
betw een the ow ners, com m ittees and  the builders had  a useful 
p art to  p lay. T he  design of couplings stem m ed in  th e  first 
place from  the  in itia tive o f C ayzer Irv ine  an d  C o. L td ., acting 
on  behalf o f O .C .L . an d  w as developed as described in the 
paper.

In reply  to  M r. B u rn e tt’s rem arks regard ing  shrouded 
propellers, he w ould  p re fe r no t to  com m ent on their possible 
application  in con ta iner ships, as this w ould  com e m ore 
app rop ria te ly  from  specialists in th is field.

O n the question  of an un m an n ed  engine ro o m , he  did 
no t consider th a t a t th e  p resen t ju n c tu re  th is w as acceptab le  
in the case o f steam  m achinery; experience ind ica ted  th a t 
there w ere m any  m atte rs  w hich req u ired  a  w atchkeepers 
a tten tion , and  system s and  con tro l a rrangem en ts w ere fa r 
m ore  com plex th a n  in  a  D iesel ship. Q uite  ap a rt from  this 
he w ould  challenge the valid ity  o f th e  w hole concept a t the 
p resen t tim e, it d id  n o t resu lt in any  justifiab le  reduc tion  in 
com plem ent and  w hile it w as easy to  ta lk  glibly abou t 
im proved  m ain tenance  w hat m ajo r m ain tenance  w ork  could  
occupy the dayw ork tim e o f th ree  engineer officers a t sea in a 
correctly  designed ship? By rem oving  these officers from  
w atchkeeping they w ere being deprived o f th a t vital 
experience o f being responsible  fo r runn ing  the m achinery; 
there  w as no substitu te  fo r this experience and  no  g rea te r 
incentive to  an officer to  find o u t how  everything w orked  
w hen he knew  th a t it w ou ld  fa ll to  him  to  take  im m ediate 
action  if a  fau lt occurred .

T he au th o r d id  n o t agree w ith the concep t o f a  m a in 
tenance  cen tre  in th e  con tro l room . I t  shou ld  be confined to 
its p rim ary  purpose and  be laid  ou t w ith  th e  g reatest possible 
care  fo r m axim um  effectiveness. T he  fac t th a t there  w as an 
engine room  w atchkeeper did no t im ply  th a t he  should  spend 
th e  w hole o f his w atch  in th e  con tro l room , in  fac t the  range 
of his necessary duties w ould  preclude this, bu t he w ould 
alw ays be relatively  close by and  repea t m aste r a la rm  signals 
in all strategic parts  o f the m ach inery  space w ould  ensure his 
recall p rom ptly , in event o f  any  troub le .

W ith  reference  to  M r. H in so n ’s com m ents, from  the 
po in t o f view o f opera tion , the console should  be righ t against 
the fron t o f the w heelhouse. T he  w indow  over th e  console 
w as fixed and  experience w ith a num ber o f ships in w hich 
th is design w as used h a d  n o t revealed  any  problem s. T he  
equ ipm ent w as all designed fo r easy m ain tenance  from  the 
a f t side o f th e  console. T h e  au th o r w as pleased th a t M r. 
H inson  suppo rted  his ideas in respect o f th e  principles o f 
console design and  o f restric ting  the in fo rm ation  to  th a t 
w hich w as essential fo r o p e ra tiona l con tro l. H e  agreed w ith 
M r. H in so n ’s view on th e  size o f  m achinery  con tro l room  
w indow s, though  if th e  princip le w ere m ain ta ined  o f siting the 
con tro l room  as closely as possible to  the m achinery  m ost 
likely to  requ ire  m anua l a tten tion , in event o f trouble , it w ould 
be difficult to  p rov ide fo r the  in teg rity  o f th e  room  in case of 
fire o r explosion.

M r. T ay lo r m ade  an  in teresting  and  valuab le  con tribu tion  
on th e  difficult m a tte r  o f hatch  co rner shape and  he was 
certain ly  co rrec t in his view th a t it  w as o f g rea ter im portance  
to  p rovide a sufficiently large cu rv a tu re  o f  the ha tch  corners
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Author's Reply

th an  to  m inim ize hatch  cover size. N evertheless, it was a  fac t 
th a t the size of ha tch  covers was a lim iting fac to r fo r the 
w hole design o f the ship and  th ere fo re  one could  no t p rovide 
too  large a  safe ty  fac to r.

It w as also agreed th a t w ith com binations o f longitud inal 
and  to rsional stress a c ircu lar co rner, o r an em pirical curve 
as recom m ended  by D et norske V eritas w ould  be m ore  logical 
than  th e  solution used in these ships, b u t it m ust be borne 
in m ind  th a t reliable d a ta  on this m a tte r was scanty  a t the 
tim e these ships w ere designed and  th a t they  h ad  been free 
of all troub le  at the ha tch  corners.

it was not considered th a t the w idth o f the side s tructu re

should  be reduced  as it w as clearly  im p o rtan t w ith respect to 
to rsional rigidity , but the use o f narrow  transverse box girders 
betw een hatches w ould  reduce th e  co rner stresses, and this 
so lu tion  was adop ted  in these ships.

M r. T a y lo r’s rem arks regard ing  v ib ra tion  w ere endorsed 
a n d  as experience bu ilt u p  it should  be easier to  avoid  serious 
v ib ra tion  p roblem s w ith  fu tu re  designs o f con ta iner ships. 
H ow ever, w ith the large pow ers tran sm itted  by the propeller 
and  the inevitable varia tions in stru c tu ra l configuration  to  
meet changing opera tiona l requ irem ents it w ould  be foolishly 
optim istic to  th ink  th a t such problem s belonged solely to  the 
past.

Related Abstracts
Trends in Intermodal Refrigerated Container Systems

T w o types o f re frig e ra ted  con ta iner a re  in general use 
today  by shipping com panies; the “conven tiona l” type with 
in tegral re frig era tio n  m achinery , and  the “m achineless” type 
w hich is cooled  by an independent ex ternal supply. T h ere  are 
three m ain  system s fo r stow ing sh ip -borne  c o n ta in e rs :

O n-D eck conven tiona l system
T his uses conven tional-type con ta iners w hich are stowed 

on the w eather deck to assure d issipation o f com pressor heat. 
D isadvantages o f the system  are  the loss o f cargo volum e 
com pared  w ith a  ship w ith in su lated  holds, and  a fu r th e r loss 
o f cubic and  revenue-earn ing  capacity  in  th e  case o f a ro ll
on / roll-ofF ship due to  the space requ ired  fo r trailers, etc. 
H ow ever, this system  is extrem ely  flexible and  can  be used 
on m ost types o f ship.

T he C oldw ell system
In this system  m achineless-type con ta iners a re  carried  in 

insulated  re frigera ted  holds. F o u r ships o f this type  (each 
w ith th ree holds) a re  a t present being bu ilt fo r F a rre ll Lines, 
N ew  Y ork , and  details o f their capacities and  refrigera ted  
a ir-supply  system  are given.

T he P lenum  system
T his is a  below -deck duct system  in w hich refrigeration  

is supplied to  in su lated  m achineless con ta iners by a separate  
sh ip-m ounted  p lan t in co rpo ra ting  a num ber o f com pressors 
w orking in con junction  w ith a c irculating  brine system. 
D etails o f the  arrangem en t a re  show n in d iagram s. T he 
system  (which is fully au tom ated ) has am ple coil su rface and 
standby  capacity , and can p rov ide cargo tem pera tu res ranging 
from  —10° to  70°F  ( —23-3°C to 2 1 i° C )  w ith con tro lled  air 
change; it is in use in th e  A ssociated  C on ta inersh ip  A C T  I. 
— Paper by Sebin, A . B„ presented  at a m eeting  o f  the 
N orthern  C alifornia  Section o f the Socie ty  o f  N ava l A rch itects  
and  M arine Engineers, # January 1970; Journal o f  A bstracts,
B .S .R .A ., A ugust 1970, V o l. 25, A bstract N o . 29855.

Container Feeder Ships

T h e  m.v. Brage w hich left the yard  of her builders, N .V . 
Scheepsw erf and  M ach inefab riek  ‘D e B iesbosch’, o f D ord rech t 
recen tly , is a  sistership of B irka  delivered by th e  sam e builders 
in A pril.

B oth ships have been designed prim arily  fo r carry ing  
the m axim um  num ber of ISO  s tan d ard  con ta iners and  fo r the 
rapid  load ing  and  discharging o f these containers. As a 
result th e  cargo  spaces are  no t in te rru p ted  by transverse 
bulkheads, w hile th e  access to these holds is th rough  very 
large hatchw ays. T he deck space availab le  fo r containers 
to  be carried  on deck has been increased to  the m axim um  by 
reducing as m uch  as possible the length o f the deck-house fo r 
the accom m odation .

T h e  sta tu to ry  num ber o f crew  has been reduced  to  the 
op tim um  by keeping the  length o f the vessel w ithin the 75 m 
lim it as defined in the D u tch  ‘Sea D ip lom a A ct’ and providing 
the m ach inery  insta lla tion  w ith extensive signalling system 
and rem o te  con tro l system s.

P rincipal p articu la rs  a re : 
L ength , o .a.
L ength , b.p.
B readth m oulded  .. 
D epth  to  m aindeck  
D ep th  to  tw eendeck 
D raugh t (sum m er) 
D eadw eigh t capacity  
G ross tonnage 
N et tonnage 
G ra in  capacity  
C on ta iner capacity

Speed

8 1 6 0  m 
74-60 m 
14-20 m 

7-70 m 
5'05 m 
5-026 m 

2530 tons (m etric) 
1130-88 R .T .

738-37 R .T . 
146-163 f t3 
126 (20 ft ISO 

standard )
13-86 knots

T he  w indlass and  capstan , w hich a re  electrically  driven, 
a re  o f V an der G iessen-W erktuigen m au fac tu re . T he  steering 
engine is o f the electric-hydrau lic  Svendborg  type, with time- 
dependent m anual con tro l and  au tom atic  steering by m eans of 
a D ecca A rkas insta lla tion .

P ropulsion  is by an M aK  D iesel engine type 5 M U  551 
A K , developing 2400 bhp a t 300 re v /m in . T h e  direct 
reversing engine drives a fo u r-b laded  L ips propeller. T h ree  
genera to r sets a re  m oun ted  on  the  tw eendeck in the engine 
room . E ach of them  consists o f a  V olvo-Penta  D iesel engine 
type T M D -100 A, w hich is d irect coupled  to a H eem af 
a lte rn a to r o f 145 kV A . 380 V, 50 Hz.

T he  m achinery  insta lla tion  is p ro tec ted  by an extensive 
alarm  system , com prising  16 alarm  points on the m ain  engine 
and  its auxiliaries, 6 points fo r th e  generating  sets and 15 
points d is tribu ted  over the engine room  fo r th e  con tro l o f the 
tan k  levels, bearing  tem pera tu res, bilge w ater level, etc. A larm s 
a re  given visually on a  separa te  board  near the contro l 
position o f th e  m ain  engine. In  add ition , the a larm s are 
passed on to  the w heelhouse and  the  cab ins o f the chief and 
second engineers.— H olland  Sh ipbuild ing , Ju ly  1970, V ol. 19, 
pp . 32-33; 36.

Isofreeze Insulated Containers

C onC argo  L td . has ob ta ined  an o rder fo r p a rt o f the 
m assive U .K ./A u s tra lia  liner con ta ineriza tion  p rog ram m e 
w hich the A ssociated C on ta iner T ran sp o rt consortium  began 
in 1968.

T he  containers fo r the new  A .C .T . co n trac t will conform  
essentially to  the basic C onC argo  ‘Iso freeze’ design; the 
m ajo r physical fea tu res being th e  ISO  s tan d ard  length o f 
20 ft w ith a ta re  o f 2 ton  10 cw t, giving a capacity  o f 957 ft 
and  a  gross load  of up  to  20 ton . T h e  insu la tion  perfo rm ance 
under re frigera tion  shows an  o p era tion  tran sm ittan ce  o f
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40 B tu /h ° F . T h e  con ta iner itself will support the w eight of 
6 fully loaded  con ta iners stacked above it and  will w ithstand 
extrem es of tem pera tu res betw een —40°F  and 120°F.— The  
Journal o f  R efrigera tion , D ecem ber 1969, V ol. 12, p 378.

Determination of the Steel W eight of Bulkcarriers and 
Containerships

T his artic le  describes the determ ination  of steel w eights 
o f bu lkcarriers and  containerships and should serve as a 
supplem ent to  an  article, w hich described the determ ination  
o f steel w eights o f m ultideck  vessels (H ansa  1967/p . 1864, 
tran sla ted  by “T h e  British Ship R esearch A ssociation” , T ra n s 
la tion  N o. 2946).

T h e  basic idea of th e  new  m ethod  is the calculation  of the 
hull w eight on a rea  basis ra th e r th an  on  a  volum e basis as 
w ith th e  m ajo rity  o f o ther m ethods.

T h e  values given in the  tables o f this article allow  to 
determ ine steel w eights o f bulkcarriers resp. con tainerships 
(bu ilt o f no rm al shipbuild ing steel w ithou t use o f high tensile 
steel fo r certa in  parts  o f the hull) up  to  a length b.p. o f about 
200 m .— Carstens, H . H a m a , Special Issue, N o vem b er  1970, 
V ol. 107, pp. 1945-1948.

Torsional Strength of Large Container Ships

T he torsional strength o f a  con tainersh ip  was investigated 
by all availab le  m ethods. C alcu lations with theory  or torsion 
and  finite elem ent techniques w ere checked w ith m easure
m ents. T he  m easurem ents w ere carried  ou t w ith a ship m odel 
m ade of A cril and  a ha tch  corner m odel m ade of steel. T he 
Acril m odel was built as sim ilar as possible w ith details of the 
full size ship. T he  results o f the calculation  and the m easure
m ents show  good agreem ent fo r practical purposes.— A lte, 
R., Behr, P.. B euerm ann, H ., N iessen, E., Prange, D., Rose,
D , and Schon fe ld t, H . Hansa, Special Issue, N o vem b er 1970, 
V ol 187, pp. 1879-1894.

N ew  T M T  Roll-on Roll-off Containership and Car Ferry

A com bination  ro ll-on /ro ll-o ff con tainersh ip  and  car 
ferry  is the subject of a  recent design by R udolph F . M atzer 
and  A ssociates, Inc.

T he 360 ft vessel will fea tu re  three stern ram ps, a 250 hp 
bow th ru ste r and the facilities fo r containers, trailers and  a u to 
m obiles.

W ith a to tal displacem ent o f 5116 long tons, the vessel 
will be capable  of carry ing  2576 long tons of deadw eight. 
Fuel oil carried  in the inner bo ttom  tanks accounts fo r 336

longs tons o f deadw eight, w hile 86 long tons o f fresh w ater 
is carried  in the fo repeak  and  a fte r  peak  tanks. A pproxim ately  
5200 shp will be requ ired  to  sustain  a  speed of 15 knots 
while operating  a t a m axim um  d ra f t o f 15 ft.

Tw in 15 f t  w ide stern ram ps, p o rt an d  strab o ard , lead 
to  the w eather deck. This deck can accom m odate  28 trailers 
or, by special deck fittings, a  m ix tu re  o f con ta iners o r trailers. 
T he need fo r a shore-side o r sh ip -m oun ted  con ta iner crane 
is elim inated  by using a special m ob ile  device to  carry  the co n 
tainer ab o ard  the vessel. T he  device, called  Sw inglift, is 
m oun ted  on a  tra iler and  can  u n lo ad  40 ft con ta iners to  its 
side and  stack them  tw o-high. By using this Sw inglift, a 
to ta l o f 40 con tainers can  be stacked  on the w eather deck. 
In  add ition  to  these con tainers, eight tra ile rs m ay  be carried  
on the 53 ft w ide super-structu re  deck. T w enty-five 40 ft 
tra ile rs and  25 au tom obiles can be loaded  on  the m ain  deck 
over a 21 ft w ide ram p , w hich also serves as a w eather-tight 
closure in  th e  stow ed position . Seventy-six  cars a re  carried  
in the ho ld  on tw o levels. Access to the car decks is by ram p  
from  the m ain deck th rough  a sliding w ater-tigh t door.— 
M aritim e  R ep o rt I E ngineering N ew s, 1 Ju ly  1970, V ol. 32, 
p. 43.

Container Ships From Bremer Vulkan

T he article com pares the various types of con tainerships 
built o r under construction  at B rem er V ulkan shipyard  (eight 
types w ith to tal con ta iner capacities betw een 316 and  2300 
containers o f the 20 ft size). M ain dim ensions, con ta iner 
arrangem ent, ships speed, ha tch  covers, ru dder a rran g e 
m ent, s truc tu ra l strength  and  stab ility  are  discussed.—  
Erlenw ein, H . H ., H ansa, Special Issue, N o vem b er  1970, 
V ol. 107, pp. 1867-1878.

Semi-Containership "Transamerica"

M.V. Transam erica  has been built by A G  “W esser” . 
Seebeckw erft. fo r Poseidon Schiffahrt G m b H , H am burg . 
She is an ice-strengthened sem i-container vessel fo r operating  
betw een C anada resp. the U S A /G re a t Lakes ports and 
E urope. T he capacity  of the holds am ounts to  to ta l 494-840 f t 1 
grain  and  20-286 f t8 re frigera ted  space. N o. 3 hold  has tw in- 
hatches w ith 80 per cent o f the sh ip’s beam  open. In the 
holds 148 containers o f the 20 ft type can be stow ed. T he 
cargo handling gear includes 10 derricks o f 5 /1 0  tons, 2 
derricks of 5 tons and  one 50-tons Stiilcken con ta iner derrick.

T he  vessel is propelled  by one M A N  K 6 Z  engine of 
8400 bhp giving a speed o f 17-1 knots at an engine ou tpu t 
of 90 per cent.— A rn tz , W L u c h t ,  W .. Schom burg , E . and  
Tertel, S . H ansa, Special Issue, N o vem b er  1970, V o l. 107, 
pp. 1969-1978.

Inboard  profile o f  the proposed 360 f t  containership and  car ferry
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