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At the end of a recent appointnient overseas the Author had the good 
fortune to travel honic i n  a typical cargo ship, the S.S.  Lil~oi.~io, of Ellerman's 
Wilson Linc Ltd., Hull. An article in the Jo~o.tiul of April, 1951, described the 
training of Merchant Service engineer- olticcrs, and i t  is tliouglit that these short 
notes, based o n  one small ship, may also be of iiitcl-est. 



Ship Owners and Shipping Agents 
As far as  possible all repairs and dockings of merchant ships are  carried 

out  in home ports, and wlierever convenient at the home port,  where it can be 
supervised by the owners. It is usual for them to  appoint superintendents io  
supervise tlie deck organization, the engine I-ooni, the cargo and the catering 
sidcs: where necessary there will also be a passenger superintendent. These 
of5cials are  generally appointed from senior seagoing officers of the company 
and  these jobs t l~erefore represent the highest step in promotion, which the 
firm can offer. 

The  superintendents and their assistants deal with all aspects of their ships, 
in exactly tlie same way as the Admiralty controls the Navy, and tlieir airn is 
t o  keep tlie ships in service as continuously as  possible, with tlie min i~num of 
repairs and delays, and with fill1 cargoes. 

When a shipper requires shipping space in which to send merchandise to 
one of his overseas custoriiers, he Inay approach the ship owners direct, if 
they happen to  be near to  his factory, but 3s a rule lie will deal with a shipping 
agent. The duty of these agents is t o  represent the owncrs in all respects in 
ports at  home or  overseas, other than those in  which tlie owners have their own 
offices. 

The  Author gratefully acknowledges the ready help and  advice given by the 
Master and Officers of S.S. Livorno in the compilation of these notes. 

Reference was also made to :- 
Klrort YOL~I. ( l i t ' ~ ?  S/II/I, by Thornas Waltorl (Charles Grifiin & Co. Ltd.,  

London, 1927) ; 
and to  a nuniber of makers' handbooks and instruction books. 



Iiands being available for daywork. The  seamen work in three watches, tlircc 
t o  each watch-one on  the wheel (in 1 o r  2 hour stretches) and  two available if 
required ; thus there are  normally only one oficer and  the helmsman on  
watch o n  tlie bridge a t  sea, unless the Master is present. 

Apart from watchkccping, the mates are responsible for the loaditlg and  
discharging of cargo, though most of this devolves o n  the Chief Officer. He 
is also responsible for all painting, anchors and cables, overtime pay, organi- 
zation of the crew, and  so  on. The  secorid niatc is i~s~ra l ly  the ship's navigating 
o f f ~ e r  and looks after tlie logs, voyage reports, and pay accounts, including 
P.A.Y.E. The  third mate is responsible for tlie lifeboats, life-saving and fire- 
fighting gear. The  2nd and 3rd ~ n a t c s  also assist tlie Mate with the loading and 
other ship's duties, as  required. 

The  Second Engineer organizcs the engine-room depar t~nen  t in exactly t lie 
same way as  tlie Senior Engineer of a warship. He and  the junior engineers 
are  the only skilled men available and  d o  all maintenance 2nd repair work when 
away from home ports ; in emergency, t,he Chief Engineer may also help, but 
this is entirely up  to him. N o  workshop facilities arc available in most merchant 
sliips and  hence all repair jobs have to  be done by ship repair men at the major 
ports. In some ports the ship's engineers are not allowed to  d o  any work while 
shore repair men are on board. 

The  Iiadio Oficer  keeps 110 watches in harbour, but at  sea works two hours 
on  and two hours off frotii 0800 to 2200 G.M.T. I n  large passenger ships, and  in 
all sliips in wartime, continuous watches are kept by tlircc o r  more radio officers. 
Most shipping companies hire their radio o f i x r s  and equipment from one of 
the big firms, for example, the Marconi International Marine Cotnmunication 
Co. Ltd., London, though a few large conipanies arc enti1-elj7 independent. 

Most shipping lines hire their deck and engineer officers 011 a two-yeat- 
contract, i~sually with the option of renewal, and this ensures that they rccei\,c 
pay con t in~~ous ly ,  whether- employed or  not. N o  overtinic is payable to officers 
working on this basis. Tlic Chief Steward may be retained on  the samc 
conditioiis. 

Tlie deck and cngiric-room liands are signed on at tlic beginning of tlic 
voyage and signed ofT at the final port of discIi;~rge in the United K i n ~ d o n i  ; 
if tlic Inttcr is dill'crcnt from tlic port of  origin of tlie crcw, they are cligtble for 
tr.;~\clliny c.\penscs. I n  harbout- and  or1 cf;~ywo~-l< all ratings work or1 thc basis 
of'an eight-hours day for five days, five Iioul-s on Saturday. At sea, eight 1iou1-s 
~fatcli l iccping per day is allowed seven days a week, but only sircli jobs as 
washing paintwork may be done by \~a t c l~kccpe r s .  All other work above this 
is classed as overtime and paid accordingly, and is one of tlie 1ie:ldaclies of thc 
Matc at the end of tlic voyagc. 

I t  is laid down by law that every member of tlie crcw, including the Master, 
must sign on for cach voyage, and pay, taxes and allotmerits arc worl<cd out 
accordingly. This is cli~itc independent of ally contracts made with the Owners. 

Ofticer-s are ilsually :~llowed to  keep their w i x s  on board \vIicn in port, and  
i n  some lines certain officers may keep tlicm on board all tlic time. 

As In so many job5 arliorc, tlic standard of men signing on nowadays as  
crew-men in met-chan t ships is very poor-, particularly in car-20 s l i~ps.  This 
situation is aggravated because tlie merchant service is allowed as a n  alter- 
native to  doing national service in one of the armed for-ccs, provided that tlic 
men I-emain at sea until they arc twenty-seven. Altliough this means golng to 
sea from seven t o  nine years, many men appear to prefer- i t  to  national s e r ~ i c e ,  
but few take it LIP as  a career, and as a result very few show any real intere\t 
in the job, except as a means of e a r ~ ~ i r ~ g  pocket money. 



S.S. ' LIVOIINO ' 

'I'HE SHIP 
Specification 

(U) C;el~o.ctl. Off7cial Number 1 X 1285. Registered a t  Hull in 1946. 
International Code Letter5 and Call Sign-G.P.W.F. 
Gross Tonnage 2,957 tons. Nett Register tonnage 1,464 tons. 
Length Ovcrall 355 ft. 6;  ins. Length B.P. 335 ft. 
Beam 50 ft. Depth 23 ft. 
Sheers-Aft 4 ft : Amidships nil  ; Forward X ft. 
Summer Draught 22 ft 1 in. gi\ ing a ft-ceboard of 1 ft 1 in. 
Winter Draught 21 ft 7; in .  
Light Drailglit X ft I I in. 
Loaded Dcad\vciglit- Summer 4,560 tons ; Winter 4,39 1 tons. 
Light Displacement--2,469 tons. T.I'.I. Immersion 30.99 tonsiiti. 
Loaded Displ~icement--Summet- 7,029 tons ; Winter- 6,850 tons. 
Built by W~l l iam Grey and Co. Ltd., West Hartlepool. 

( h )  M(rc.hi11r1.1,. Two Scott~sli M a r ~ n e  Boilers, 4-furnaces, oil-tired, 35 1 tons 
each. Steam Pressure 225 Ib scl i n .  W.P., 600 F. S,'H. 

Onc 3-Cylinder Triple E*pan\ion Engine (23 in  38 in 65 in  diam. ; 
48 In Stroke) driving a qingle right-h:rnded propeller (16 ft  6 in  diam : 
16 ft P~tcl i  : \+le~gli~ng 8 tonc). 

H o r w  Powers at fit11 speed-b.1i.p. 2,140 ; 1.11 13. 2.600 ; N o m ~ n a l  1i.p. 
61 9 (for registration purposes). 

Nominal Speed of Ship 12; knots a (  X0 r.p.m. 
Three Electric Generators-50, 22.5 and 15 kW. at 1 10 volts D.C. 
Engines by the Central Marine Engine Works (WIII. Grey & Co. Ltd.), 

West Hat-tlepool 



( C )  Cargo Spaces and Handling Equipment 

Five Holds with Shelter 'Tween Deck Spaces above. 

The gross capacity includes the space between the ship's frames. 
Each derrick, except the 25-ton, has its own steam winch. 
Each hold is provided with 2-h.p. propeller type supply and exhaust 

fans for use when carrying a fruit cargo. 

I 1 l 

Capacity Capacity 
-- l p-p- 

The forepeak tank (capacity 54 tons) and aftcrpeak tank (23 tons) are 
provided with heating coils and a special pump in the engine room 
to enable edible oils to be carried. 

(cl ) C'/-cl19 u11cI P~.Y.sc /~~LJI . . s  

/ Gross , Nett 'Tween Grow 

Officers :- Master ; Mate, 2nd and 3rd Mate ; 2 Apprentices. 
Chief Engineer, 2nd, 3rd and  4th Engineers 
Radio Officer . . . . . . . . I I 

Holds , cuff  , cu f i  
p-- 

No. l / 24090 ' 21452 

N d t  1 
c14 f t  Hatch Sizrr Dert icks 

Petty Ofticcrs :-Boatswain ; Carpenter. 
Don keynian. 
Chief Steward . . . . . . . . 4 

Decks cn ft 

No. l ) 21037 
No. 2 1 53003 49419 
No. 3 28942 , 271 16 
No. 4 40501 1 37393 
No. 5 24005 21428 

l 
Torah , 170541 ' 156808 

20246 ' 22' 3" X 16' 0 

Men :- 9 Seamen. 
I DonI<e~~ma~ijgrcnser ; I Greaser ; 4 Firemen 

(inc. Dayman) & 2 Stewards ; I Pantry Boy : 
2 Cooks . . . . . . . . 20 

2,7 Ton 

P:lssengers :- I Single and I Double Cabin -, . . . . -3 

Tonnage Well . . 1618 1 1520 1 

. .  Fo'c's'le T.D. 2425 1985 
Casings 314 . . 8129 I 7473 l 

Totalc . .  ' 119852 111622; 
l l 

Grancl Totals.-290,393 cu f t  Gross (Grain Cargo) 
268,540 cu f t  Nett (Bale Cargo) 

No. 2 27841 26007 32' 6" x 18' 0" 

Total (inc. Passengers) 

2, 10; 1, 25T. 

Two 30 ft 9 ft 6 in  4 f t  lifeboats of capacities h4 and 67 pcrsons 
respccti\~ely. No. 1 lifeboat is driven by a Morris petl-ol engine. N o .  2 
is provided with oars only. 

No. 3 21423 1 20665 20' 0" X 14' h" 2, 5 Ton 
No. 4 2271 1 201 15 27' 6" X 16' 0 2, 7 Ton 
No. 5 14668 / 1361 1 20' 0" X 16' 0 1 2, 7 Ton 

Totalr 107680 100644 



Plan of  t h e  Carqo Shipped on board the Vesse l  "LIVORNO" 
a t  ANTWERP AND LONDON. for PATRAS, PIRAEUS, SALONIKA, IZMIR, AND ISTANBUL. 413 JULY 1953 

ELLERMAN'S WILSON LINE, LIMITED. Owners 
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(f) Navigational Equipment 
Standard Magnetic Compass (dry card). Helmsman's Magnetic Compass 

(spirit-filled). Echo Sounder. (Marconi Sounding Device Co.). 

( g )  Radio Equipment 
One Main Transmitter. Approx. 300 Watts. l l 0  v. D.C. or 24 v. Battery. 
One Battery-operated Receiver, 24 v. 
One Emergency Receiver. 
One Radio Direction Finder 

All the above equipment by the Marconi International Marine 
Communication Co. Ltd., London. 

New regulations, which will shortly come into force require an additional 
emergency transmitter and an additional receiver. One Lifeboat Trans- 
mitter, approx. 20-30 Watt (Nominal 50 Watt). One lifeboat Receiver. 
Both these units are made by the Rees Mace Manufacturing Co., 
London. Both units will float without the batteries and are intended to 
be thrown overboard when abandoning ship. The batteries should 
be stowed in the lifeboats. 

The Tonnage of Merchant Ships 
Many different figures are used in referring to the 'tonnage' of a merchant 

ship and those usually quoted give little or no idea of the actual size of the 
vessel. Tonnage is one of the most confusing subjects associated with merchant 
ships, but an attempt will be made to give a brief explanation. 

In  warships, only the displacement tonnage is used for different conditions 
of loading fuel, water, stores and ammunition. When loading a merchantman, 
the ship's officers are concerned only with the displacement tonnage, as on this 
and on the relative positions of the various loads carried, the stability, trim 
and safety depend. 

However, for purposes of insurance and harbour dues, it is not found possible 
to  use displacement tonnage, as the displacement depends on the type of cargo 
and on its volume. I t  has, therefore, ' . . . been a traditional usage of all mari- 
time countries to submit merchant vessels to a measurement, the result whereof 
known under the general name of"  tonnage ", serves as the basis of the taxation 
to which a ship is, or can be made, liable everywhere and under any circum- 
stances.' This quotation is from the report of the International Tonnage 
Commission, held in Constantinople in 1873. Under this agreement it became 
the duty of every country participating to prepare a ' Certificate of Registry ' 
for each new ship. Every ship over 15 tons in weight must be registered, and 
certain conditions must be fulfilled before registration is allowed. A Register 
Book is kept by the Chief Officer of Customs in each port of any size and the 
owner may register his vessels at any port where such a book is held. Before 
a ship can be registered it must be surveyed by a Board of Trade surveyor, who 
issues to the Registrar of Shipping a certificate specifying the ship's tonnage, 
build and other particulars peculiar to the ship. It is also compulsory for the 
name of the ship to be clearly marked on each bow and the name and port of 
registry to be painted on the stern. 

The register tonnage is that used by international agreement as a basis for 
all dues levied on the ship. There are, however, three main exceptions to this : 
Sweden, and the Panama and Suez Canals, which each issue their own tonnage 
certificates. In general, these differ only slightly from the register tonnage. 



ARRANGEMENT OF LOADLINES A C T U A L  FREEBOARDS DISTANCES 
BETWEEN UPPER EDGE O F  DECK LINE AND 
WATER LINE 

STATUTORY FREEBOARD =DISTANCE BETWEEN 
UPPER EDGE O F  DECK LlNE AND UPPER EDGE 
O F  RESPECTIVE L O A D  LINE 
S = SUMMER L O A D  LlNE AS DEDUCED B Y  
SURVEY (l! 1f"FOR S. S. "LIVORNO") 
W =  WINTER L O A D  LINE; IN.PER F O O T  O F  
DRAIIGHT RFI OW (S\ = A - . . . . - - . . . - - - - . . 
T -TROPICAL LOKD LINE =;IN PER FOOT 
OF DRAUGHT ABOVF (S) = b . . , . . . . . . . - . . - 
F= FRESH WATER L O A ~  LINE 
TF - TROPICAL FRESH WATER L O A D  LlNE 
W N A -  WINTER L O A D  LINE IN THE NORTH 
ATLANTIC - 2 IN. BELOW(W) FOR SHIPS 
UNDER 3 3 0  F T  DOES  NO^ APPLY T O  
LARGER SHIPS EXCEPT TANKERS WHERE 1.1~.  
PER 100 FT O F  WATER LlNE LENGTH AT 
STANDARD DISPLACEMENT (S) BELOW (W) 
IS REQUIRED IN RESPECT OF LENGTH 

(NOT APPLICABLE T O  S. S."LIVORNO'? 
L R  = L L O Y D S  REGISTER = INITIALS OF 
SURVEY AUTHORITY 

T h e  register tonnage givcs no  idea of the size of the ship, nor does i t  enable 
a comparison to  be made between different ships. T h e  basis on wliicli register 
tonnage is calculated is the internal volume of all cargo and  freight-earning 
spaccs. While it might be less confusing to  speak in terms of volume, i t  has 
become the ~ ~ n i v e r s ~ i l  practice to use ' volumetric tons ' and one volunietric ton - 100 cu ft of cargo space. Thus a ship of 1,000 register tons has a nominal 
cargo-carrying capacity of 100,000 cu ft. The  register tonnage is derived from 
the gross tonnage, after various deductions have been made to  allow for 
m:~chinery slxtces, crew's accommodation, etc. The  method is by no  means 
perfect, but a better, wliicli will also satisfy the strict nccds of the law, has yet 
t o  be found. 

The  gross tonnage includes the cubic capacity of the spaces below the 
tonnage deck ' : the holds, the 'tween deck spaces above the tonnage deck (but  

sec below), the acconimodation, the store-rooms. However, machinery spaces 
on  the ilpper deck, capstan, steering gear o r  donkey boiler deck houses, are 
exempted from inclusion in the gross tonnage, as  are  the volunic between the 
frarncs and ship's side, tlie double-bottom spaces, the wheel-house, tlie galley, 
the lavatories, and certain other non-watertight spaces. Where the 'tween 
deck spaces are not completely watertight, they rnay bc exempted from inclusion 
and  variouc ingenious methods are eriiployed to  retain this exemption, while 
making the 'twcen deck spaces as useful for cargo-carrying a s  possible. The 
usual method is to provide what is I\nown as  a ' tonnage hatch ', which is non- 
watertight, at  tlie after end of tlie ship, and  the 'tween deck spaces are all 
noniinally inter-connecting, though i t  is usual to keep the openings in tlie main 
transverse bulkheads closed and watertight while the ship is in  service. Wlicn 
this exemption is claimed, the cargo in the 'tween deck spaces is sitbjcct to  a 
customs levy. 

Certain \paces arc included in tlie gross tonnage, but can be claimed as 
deduction5 for the purpose of the nett register tonnage. These are the main 
and a~tuiliar). machinery spacej, if not already claimed as exemptions, thc 
crew'\ ;1~~01ii1iiod;1tior1, the niastcr.5 accommodation, tlie boatswain's store, 
the chart room, and ballast spaces, other than double-bottoms. 

Variou\ modifications to the above are  required for tlie canal tonnage 
eel-tificates. For example, open forecastle and poop spaces a re  exempted from 
dues providing they are not used for cargo-carrying. I n  the casc of tlie Suer 
certificate, such spaces have to  be marked with a special brass plate to  indicate 
that eue~nption is claimed. Canal dues for warships are  based only on the 



displacement tonnage a t  the time of entering the canal ; for this purpose British 
and  not  metric tons are  used. 

I t  will be seen from the above that the gross and  nett register tonnage of 
merchant ships are  very complicated figures t o  derive and  there are  many 
loopholes by which the owner can keep them down, even in large ships. 

The International Loadline Certificate 
Having built a ship and  kept the register tonnage to  a minimum, the owner 

is naturally anxious to  load the ship to  the maximum possible extent, since 
every increase in displacement represents a n  increase in his profits. In the last 
century, many unscrupulous owners overloaded their ships to  such a n  extent 
tha t  they were unseaworthy, and  then over-insured t o  cover themselves. Many 
ships were lost with much loss of life and  eventually, a s  a result of a great deal 
of public agitation led by Mr .  Samuel Plimsoll, M.P. (1824-98), various Acts of 
Parliament were passed to  limit and  regulate the loading of ships. 

The  famous ' Plimsoll o r  load-line ' was'introduced by the Merchant Shipping 
Act of 1876. T h e  purpose of this line is to  ensure that sufficient freeboard is 
left when the ship is loaded, to  give a reasonable degree of safety and seaworthi- 
ness under any normal conditions of sea and weather. Under the 1876 Act the 
owner chose the positiori of the load-line, but this was unsatisfiictory and  further 
legislation, the Load-line Act, was passed in 1890 ; this was later considerably 
modified in the lighl of experience, by another Act in 1906. The  purpose of the 
Load-line Act is to lay down clear-cut rules by which the position of the load- 
line can be determined accurately for any ship. The  Statutory Rules were 
formulated by the Load-line Comniittees and  these set ou t  to define the 
minimum freeboard required in the light of a ship's strength and  reserve of 
buoyancy, and  of the necessity for a margin of clear side or  height of platform 
above the water. It is to be noted that no direct nierition is made of stability, 
hut this is naturally taken into account in estimating the position of the load- 
line, the position of which is fixed re1ati.i.e t o  the highest watertight deck in 
the ship. In a sliip with a tonnage deck and non-watertight 'tween deck, the 
da tum dcck is the tonnage deck, not the upper deck. 

Freeboard is defined as the height of tlie side of the ship above the waterline 
at the middle of the length, measured from the top of the deck at the side, 
neglecting the cfl'cct of any water ways or  scuppers. 'The frceboard of British 
ships is determined by the rules laid down in the official Tables of Freeboard. 
Tliesc rules limit tlie permissible stresses in tlie ship's structure to those recluired 
by Lloyd's Rules of 1885 for a first-class sliip. Reserve buoyancy is recluircd 
to ensure c l~~ ick  recovery of a ship in rough wcatlicl- ; otherwise she would be 
iliiinhabitablc, and there would be :I real risk of damage in rough weather. 
The  tables of frccboard lay down minimuni percclitages of rcscrvc buoyancy 
rccluircd for any particular size of sliip, tlic percentage varying with tlie size. 
To ensure safety a minimum height of the weather dcck above the sea is laid 
down, to prevent seas sweeping over i t  and endangering life, watertight hatches, 
boats, and the like. The good efl'ccts of deck hoi~ses and  superstructi~rc 
and of sheers are also takcn into account in dcterniinins the frccboard. I t  is 
normally prudent to  reduce speed in r o ~ ~ ~ l i  wcatlicr, but where any subs tan~ia l  
red uction is i~ndesirable, Tot- cx:tmple, in  :t passcngcr- ship, a grcater- frccboard 
is required. 

The  frceboard calculated as  a basis f,r the issuc of the International Load-line 
Certificate is based on the conditions likely to be met in normal sumliier 
weather (FIG. 2). However, the freeboard required for operation in winter 
weather is increased and if the ship is to operate in the north Atlantic in winter, 
a further increase is made. Convcrscly, if the sliip operates in tlie tropics, i t  is 



allowed t o  load deeper than in temperate climates. The  ship will also float 
deeper in fresh water than in salt and  it is usual to  provide marks  to  show to 
what depth the sliip can be loaded in fresh water, so that it will not float above 
the normal load-line on returning to  sea water. The  various drafts depend on 
the tons per inch immersion for each iridividual ship. 

The Handling of Cargo in Merchant Ships. 
The  principal duty of the Mate o r  Chief Officer of a merchant ship is to 

receive, stow and discharge the cargo in the most convenient nianner consistent 
with maintaining the stability, trim and safety of the ship. A grcat deal of 
experience is involved in carrying out these duties and great vigilance is recluircd 
t o  ensure that the stevedores stow each consignment o r  ' lift ' in the required 
place and  in the right way. 

T o  assist the Mate in loading the ship correctly, he is provided with infor- 
mation 011 the trim and stability of tlie sliip under typical conditions of loading, 
for example, in the light condition, in ballast, ,o r  witli a homogeneous cargo 
at fill1 displacement. He also has information on  the effects of fuel, water and 
stores, and  must know the capacities of tlie holds and tlie hatch sizcs. Added 
t o  tliis, he niilst know the stowage factors for differerit types of cargo and tlic 
characteristics of diffcrcrit cargo. 

I t  i~sed  to  be the conitnon practice for a ship to be loaded according to certain 
rules-of-tliumb, which had been learned by experience, but nowadays accurate 
calculations are  made to determine the effects on  stability and  trim of each 
batch of cargo. These calculations are assisted in most modern ships by an 
ingenious instrument known as the Ralston St:tbility and Trim Indicator. This 
consists of a duralumin platc on which is engraved a profile of the ship, using 
iriforniation obtained from the drawings. Thc position of the centre of gravity 
of  each hold and space is marked and srnall weights are provided to represent 
cargo : 1 oz weight represents 100 tons of cargo. These weights arc  placed on 
tlie plates at  the points where the cargo is stowed. Balance weights of suitable 
sizes arc  provided to represent full fore and a f e r  peak tanks and  slacker 17ap\ 
are  fitted on the plate to represent fill1 or  empty ballast and double-bottom 
tanks. The  plate is mounted as a balanced tray on special levers. By operating 
the appropriate levers, the plate may be balanccd fore and aft to  obtain tlie 
longitudinal trim or  vertically to obtain thc metacelitric heiglit G . M .  A weiglit 
is moved along the appropriate scale to bring tlie bubble in a spirit le\/el into 
balance, cither for trim or  for metacentric height. The  appropriate figirres are 
read ofT the scales, and the values of the trim by the stern, and  of the mcta- 
centric height, are obtained from graphs. 

Becai~se of the Mate's responsibility for stability, he is also responsible for 
the stowage of fresh water, feed water, fuel oil ( in conjunction witli the Chief 
Engineer) and stores, ;is well ;IS for water o r  other ballast. It will sonictinics occur 
that the Chief Erigineer must keep tlic double-bottom fucl tanks full t h ro~rgho i~ t  
the voyage, on account of stability, and care lnay also be necessary in using 
fresh water. As an example of tliis, a case occurred recently where a ship 
developed a loll of 17 degrees, as  the double-bottom fuel tanks were enipticd 
during the voyage. In this connection it is interesting to  note that the stability 
of a coal burning sliip irnprovcs as  the coal is burnt, while that of an  oil burner 
may deteriorate if proper precautions arc  neglected. This is because coal is 
normally stowed in the 'twcen decks and down both sides of tlie boiler roonis, 
a n d  it is normal practice for thc ccntrc of gravity of tlie coal t o  drop  a s  i t  is 
uscd. With oil and  water, however, i t  is always coming out of tanks low dowri 
i n  the s h i ~  and free-surface efTects must also be taken into account. 

As cargo is acccptcd and loaded, the Mate prepares a rough ' cargo plan ' 



showing how and  wliere each lift is stowed, its weight a n d  its ports of  origin 
and  destination. It  is usual t o  colour o r  shade the blocks on  the cargo plan t o  
show the port of destination, and  care a n d  ingenuity are  often required to  
ensure tliat the lifts are  so stowed that other cargo does not  have to be moved 
t o  enable it t o  be unloaded a t  the port of destination. It  is usually fairly easy 
t o  arrange this when lifting cargo from home ports for  delivery overseas, a s  
the details of all cargo t o  be carried will generally be available before any  
loading starts. However, conditions a re  much more difficult on  the homeward 
voyage, as  cargo must frequently be lifted a t  one port before any details arc  
available of what, if anything, is t o  be lifted at  other ports of call. 

As far a s  possible, all cargo is stowed right across the ship and  carefully 
trimmed to  prevent any shifting in rough weather. Dunnage and securing 
ropes a re  used as  necessary t o  separate and protect cargo from damage. Care 
has to  be taken that fragile cargo is not stowed under other lifts wliere it would 
be crushed. When some of the cargo is to  be lifted i t1  one port and some in 
others, care may be necessary in the distribution of the first lift so that undue 
stresses are not placed o n  the ship's hiill during the voyage between ports. 
It is also necessary to trim the ship so tliat the propeller is kept submerged as  
fiir a s  possible. 

Before leaving the final port of call, the drafts forward, aft arid amidships 
and  the freeboard are noted a n d  the metacentric height is calculated. This 
information is entered on  the rough cargo plan and from this a ' fair ' cargo 
plan (FIG. 3) is prepared and  handed t o  the agents for despatch to the owners 
or  to  the agents in the first port of discharge. The  ship's discI1:irge programme 
can then be planned before she arrives and the necessary gangs of stevedorec 
can be arranged. 

Mo5t loading and discharging is done with the aid of tlie ship's derricks and  
winches, cuccpt where adequate docksidc cranes are available, or  in cares 
where special cargoes such as  bulk grain or  very heavy lifts arc i n~o lved .  The  
ship'\ winches ;ire operated by the stcvedorcs, but a donheyman of tlie ship's 
crew i \  always in attendance to  sec that the machines are not abused, and  to 
oil them. 111 tiiodern ships, clcctric winches are  beconling incre:~\ingly popi~lar ,  
but steam winches are still preferred by many becauie of their great reliability 
i i l  the facc of constant LISC and  misuse by all and i i~ndry ,  and t l ie~r  comp:~rati\c 
inlrnunity to salt water. 

'THIS hlACHlhI<R\ 
Whilc diesel engities are becoming increasingly popular in the mcrclinnt 

jc ' r~ tee, t t  ii still [rile to say tli;it tlie steam reciprocating engir~c, in coiljunction 
with coal or  oil lired lire-tube (Scotti5h) boilers, is the most common for the 
main ~ J I - O I ~ L I ~ ~ ~ O I ~  of C ; I S ~ O  vessels up to about  14 knots. Steam turbine5 are 
L I \ C ~  1'01. tile 1;irgcr illid Lister s l i i ~ ~ ,  pi1rtie~11;1~-1y if ~ x ~ s ~ e n g c r s  ;it-c c;1rr1ed ;is 
a sub\tiintial part of tlie earning capacity, but these ha \ e  not been particularly 
17017i1I:ir or  S L I C C C \ S ~ L I I  in normal cargo ships, though a combination set ha\ been 
very succe~sl'ul. Gas  turbine machinery has now been fittcd s~~ccc\sful ly  in one 
large commercial tanher and it sceliis probable that tlicic will become incrc:~\- 
1ng1) c o m m o n  a5 experience is gained. 

I lie notes which follow apply only to a typ~cal  steam reciprocat~ng engine 
in\tallation, a \  fitted in S.S. L,ivo~./io. 

' Stcam engines arc very human. Their very wcakncsics arc uncicr- 
\tandable. Steam engines d o  not flash back and blow your facc in. l'liey 
d o  not short-circuit and  rivc your heart with imponderable clcctric folxe. 
They have arms and legs and warm hearts and veins full of warm vapour. 

'Give LIS steam every time. You know whcrc y o ~ l  arc  with steam.' 
fro111 A Siu-Nou/- Sliift by Williani Mcl--cc (born IXSI ). 



Boilers 
Two 351-ton Scottish marine boilers with four furnaces in each are  fitted. 

These boilers were originally designed for coal burning, but were converted 
t o  oil during building. Air is supplied direct to  the boiler casings by a centri- 
fugal fan giving a normal air  pressure of about  2 in water gauge a t  full power. 
Tubular  air  preheaters are  fitted in the uptakes. Oil fuel is supplied by a n  oil 
transfer pump from one of four tanks, two doublc bottorn and  two deep 
tanks-to a settling tank of 16 tons capacity in the 'twecn deck above the 
enginc room. From here the whole oil fucl system is primed by gravity a s  far 
a s  the oil fuel service pump suctions. A heated oil separator is fitted in  the line 
between the settling tank and oil fuel pumps. A conventional oil fuel system 
supplies heated oil to the Tod-type sprayers and  registers, one for each furnace. 
If excessive water is present in the fucl, it may be passed through the Comyn 
oily-water separator of about  15 tons/hr capacity. This is a heated tank, with 
three concentric chanibcrs in whicli gravity separation takes place, the clean 
oil being removed from tlic top and the water from the bottoni. 

One  major dificulty is met in burning oil f ~ ~ e l  in this type of boiler. Whereas 
in a water-tube boiler several registers are fitted to cach furnace, there is only 
one for each furnace of a Scottish boiler and i t  is bad practice t o  run for long 
with one o r  more furnaces shut off. Tliirs, to  obtain variations in power the 
only satisfilctory methods available arc to  vary the oil fuel pressure and  the 
size of the atomizer plater used in tlic sprayers. As a result the boilcr is inflexible 
in operation, quite apart  from tlic great sire, which nccessitatcs 24 hours' 
notice for raising steam from cold ; i t  is also found that exccssivcly low oil 
fucl pressures and temperatures have to be carried to maintain a clear funnel, 
even when using the smallest atomizer plate5 available. Daily fuel consumption 
at f i~ l l  power ic about 24 tons and 12 tons at economical spccd (9 ;  knots). 

Steam is generated a t  a working pressure of 225 Ib,'scl in (gauge) and  sitpplicd 
to  the main and a ~ ~ x i l i a r y  steam sy\tcms. Main steam 15 supplied via super- 
heaters, tlic tubes of \iiliich arc situated in tlic fire t ~ ~ b e s ,  and the licadcrs on 
each side o ~ i  the fi-ont of the boiler. Each i~~perlie:ttcr tube passes from the 
\\let side of the licadcr in and out through f'our or five t ~ ~ b c s  and back to tlie 
dry side of' tlic header. A m a r i m i ~ m  \team tcmperatitrc of t>OO I-. is attained. 
In ordcr to I-cducc the wetness of tlic : ~ u ~ r l i a r >  steam, a bleed-oil' from tlie main 
to tlie au\ i l ia~-I  \team bystcm i \  pro\ided. 

Steam is supplied t o  tlie triple expansion main engine via a Icvcr-operated 
m:inncu\;ring val\/c 01' the Cockb~~rn-MacNicoII  do~tble-beat typc. All main 
enginc: slide t.al\,cs are operated by normal ecccntrics and  a Stcphcnson's link 
re\,ersc gear, weigh shaf'l and rc\!crsing engine. Ho\vevc~-, the H .P. cylindcl- 
valves arc  of the Andrews and Camcl-on cluadruplc-openi~ig balanced type. 
In this arrangcmcnt separate steam and esliaust valves are fitted for each cnd 
of' tlie cylinder. The  eccentric rod operates an oscillating cam shaft on ~vliich 
arc  mounted slotted cams whicli d 1 - i ~ ~ ~  each of the four valves tlirougli individual 
~.ocl;cr arms and rollc~-S. Thc arrangement is designed to reduce v:tlvc weal- 
to a mini~i ium and is claimed to m:llic better LISC of the stcam as regards 
cut-of'f and  expansion than more normal typcs of'slidc valvc : in practice wear 
of the cams and  rollers is considcrablc and its cl'fcct is magnified by the arrangc- 
ment of tlic operating levers. 

-The I.P. and L.P. cylinders arc fitted with Andrews and Cameron valves 
of tlic tnatch-box typc. This type of valve is rccta~igitlar in cross-section and  
may be thought of a s  ~1 I-ectangular piston valvc. It has all the advantagcs of 



the latter, but occupies no  more space longitudinally than a simple ' D ' slide 
valve. 

All the moving parts of the engine are  lubricated either by hand 01- by a 
pressure lubricator driven from the H.P. crossliead. The  crosslieads and 
eccentrics are  salt water cooled, the water ilscd being led into the bilge from 
which i t  is continually pumped overboard by a rani pump driven through levers 
from the L.P. crosshead. 

Self-lubricating Micliell type thrust and  Plunimcr blocks arc fitted on the 
main shaft. A worm-wheel and steam t ~ ~ r n i n g  engine a rc  fittcd on tlic shaft 
between the main engine and the thrust block. The  4-bladcd propeller is made 
of manganese bronze and a cast iron spare is carried in No.  3 hold. 

A coniparatively modern development, which is being fitted in some ships, 
is an  exhaust turbine between tlie L.P. cylinder and  the condenser ; this is 
connected t h r o ~ ~ g t i  double-redi~ction gearing and a Vulcan clutch to the main 
shaft for steady steaming. This arrangement, which is known as tlic Rauer- 
Wach con~binat ion,  increases the work done by tlie steani and  also rnalccs for 
smoother running of the engine. A n  increase of I A to  2 knots in speed has 
been achieved with no increase in file1 consumption. 

Boiler Feed System 
The  fecd system is shown diagrammatically in FIG. 4. Steam from the 

engine is condensed in the two-flow surfi~ce condenser, supplied witli water 
by a centrifugal circulating pump. The air piimp and the ram punip are both 
driven thro~tgh Icvcrs froni the L.P. c r o s ~ h e ~ ~ d  and  have a stroke of 24 in. I t  is 
therefore necessary to  start the engine witli no vacuum, but tlie capacity of the 
air pitnlp is sucli that only a very short time is recluired b e h r e  the rccli~ircd 
\acuum of 26 in is obtained, in conjunction with the vucuum-augmentor air 
ejector. 

T h e  Edwards air p~ tn ip  has no suction o r  bucket valves. When the pl~tnger 
is at the top of its stroke, the bottom of the cylindct. fills with \vatet-. The head 
clearance is \/cry small and a high vacuum is created in the cylinder on thc 
do\vn stroke. When the plunger reaclies the bottom of its strolie, ports are 
uncovered above it through wliicl~ air and \vater arc drawn from the suction 
line : at the same tilne the water in the bottom of thc cylinder is forccd round 
the plunger, as the latter re:~clies the bottom of its stroke. Hoth the air and  the 
water arc trapped as the plunger rises and arc forced out  t h r o ~ ~ g l i  the discharge 
valves i n  thc cylinder head. T o  ensure the tiglitncss of these val\jes, a weir is 
providcd so that the valves are al\vays covered with water. Water passes ovcl- 
the weir and away by gravity to  the filter and scum and drain tank. Tlie air is 
released to atn?ospherc tlirougli tlic vent. 

I t  is to be noted that the scum and drain tank is only a collector for all the 
water I-eturning from the main engine and all the auxiliaries. I t  is not a main 
feed tank and no such tank is fitted, as the capacity of the boilers is such that 
the reserve can be carried there. Make-~ ip  feed is obtnincd by suction from thc 
1I.F.T.s (port and star board), through a small line con~lected to  the air pump 
suction line. This is opened for about  20 minutes each watch and the a\cragc 
fecd water consuniption is about X tons per day for all purposes. 

Water is drawn from the scum and drain tank by the ram pump and passed 
to the direct contact fecd heater and deaerator. Froni here i t  is withdrawn by 
a main feed pump and passed via the pressure filters, which conta in  Terry 
towelling, the pressure feed heater, where the temperature is raised to about 
290" F., and tlie main feed check valves, into the boilers. The  direct contact 
feed heater and deaerator is fitted high up in the engine room to  provide an 





adecluate head on tlie fecd pump suction and  so prevent steam locking, due  to 
water Rasliing to steam on tlie suction stroke. The  steam supply to  the feed 
pump is controlled by the float-operated valve to  maintain a constant water 
level in the direct contact feed heater and deaerator. I n  harbour,  o r  for 
emergency use, a similar float-operated valve is fitted i t 1  the hot well of the scum 
and drain tank to control either main fecd pump o r  the liarbour service feed 
pirrnp. The ram pump o r  the general service pump may be used as  emergency 
fecd pumps. 

Auxiliary Machinery 
Three main generators arc now fitted, wit11 a combined output  of 87.5 kW. 

at 1 I0 volts D.C. l'wo of these have only recently been added t o  cope with tlie 
additional load of tlie cargo space ventilating fans, wliicli were fitted at  the 
same time, and with the load of the degausing coil, when fitted in wartime. The  
main switchboard is fitted in the engine room close to  the generators. 

A single shell evaporating and distilling plant of 25 tonslday nominal output 
1s pr-ovided, but is only ~rsed in e~ncrgericy. N o  distiller is fitted and the made 
vapour has to be condensed in the auxiliary condenser (at  atmospheric pressure) 
in harbour,  or  in tlie main condenser at  sea. Nortnally ordinary shore water 
is used in the boilers and sufficient can be carried for all normal circumstances. 

The  steering gear is of tlic quadrant  type driven by a twin-cylinder vertical 
non-expansion engine, and controlled from the bridge by a tcleniotor systern 
and dift'crcntial valve. By Board of Trade rules, tlic steering engine is made 
twice as powerful as is necessary for a n y  likely conditions that will be met. 

Tlie windlass on tlic cable deck is driven by a twin-cylinder horizontal steam 
enginc and  each of the ten winclics is driven by a similar engine, but of a smallcr 
size. 

A 4-11.1'. autotiiatic direct eupansion methyl chloride refrigerating plant is 
fitted to cool a cold room, n fruit and \legetable room and a lobby. An  auto- 
niatic motor dr i \en ccntr-il'itgal circulating pump for tlic refrigerator condenser 
i \  fitted In the cnginc room. 

A d~cscl  drt\cti emergcnc! fire pilmp ic fitted in tlic 'twcen deck below thc 
Ionnagc lii~tcli. 

Duties ant1 Organization of Personnel 
As i n  all ships, tlie Captain (Master) is in general charge of all dcpar-tmcnts. 

He deals wi;h tl-IC sliilspitig agents and \\lit11 tlic ship's cort-espondencc. 
Similat-l! the Chicf Engineer is in yencl-al charge of his department and is 
I-esponsiblc J.or- the engine I-oom register, the abstr:icts, fuel consumption 
s e p o r ~ s ,  and so oti ; in some ships, particularly on the short trades, Sol- example, 
to the Baltic or the Continent, the Chief Engineer is also r-ecluircd to  keep a 
\vatcl1 at sca. 

Tlie mates a11d engineers kccp watches at sc:~, cvliicli are  us~rall!l divided as  
l-ollowc :-- 

Morning and Dog\ ( 4  to S)  Mate, 2nd Enginecr. 
Middle and Aficrnoon (12 to 4 )  2nd Mate, 3rd Engtnces. 
For-enoon arici First (8  to 12) 3rd Mate, 4th Enginccr. 

The  cnginecrs also ha \ e  to keep watcli in  liarbour if main steam is available. 
A donlccyman and  fireman ar-c also on watcli with the engineer, one as  greaser 
in thc engine ~-ootii and the lircman in tlic boiler room. I n  liarbour- two donkey- 
men and two firemen work 12 hours' wntclics contin~tously, tlie remaining three 
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