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PREF•ACE 

This project was written as an attempt to record and 
set down the operations involved in the engineering of a 
large steam reciprocating marine power plant . 

The tug was selected , as the larger examples built 
had comprehensive engineering , and some were still in 
existence . No other such examples remain today . 

The S .T. nFORCEFUL" was studied as it is one of the 
last large steam tugs left . ost have been scrapped and 
broken up , and if not for the drive and foresight of her 
present owners , the "QUEENSLAND MARITIME MUSEUM ASSOC­
IATION" , she herself would now be scrap . 

This report describes the nFOilCEFUL" and its • 
operation. While it is specific to the "FORCEFULu alone , 
translation to other steamers can be made , if the diff­
erences in engineering are taken into account . 

Unfortunately it has been impossible to capture the 
atmosphere of the steamship engine room. Suffice to say , 

• it is very hot , about 40 C . , and humid . It is wet and 
oily, and the massive moving parts inside the open main 
engine shuffle smobhhl;y and with little noise . Such 
power and relative silence contrast with the engine rooms 
of Diesel ships . where noise and vibration are uncom­
fortable . 

The "QUEENSLAND MARITIME .MUSEUM ASSOCIA'J.I!ON" must 
be thanked for giving comprehensive access to the S .T. 
"FORCEFUL'' , and for their ready help . Thanks are also 
due to people who loaned books , some old and valuable , 
for long periods . 

Andrew Munns 

21/11/75 
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- -- - --~ ---·- .. ·--·-···--------........ --------... 
1. BACKGROUND 

The Steam Tug "FORCE..'FUL" is mmed by the Queens land Mari L.ime Museum 

Association and is based at the South Brisbane Dry Dock. 

She was built and engined in 1925 by Alexander Stephen and Sons Ltd. 

at Linthouse, Glasgow. She then steamed out to Brisbane arriving in 

:March 1926. 
"FORCEFUL" is a triple expansion engined steamer with two scotch 

marine boilers, hand fired with coal. She was used for river towage as 

well as for ocean salvage work which she did up until 1970. For a period 

during World War II she was requisitioned by the R.A.N. and became 

H,M.A.S. "FORCEFUL". 

After 1970 she was laid up and in June 1971 she was donated to 

her present owners. 

After a period of maintenance she went into steam in August of that 

year and from that time active restoration and :.;teaming has taken place. 

Steamines took place in the last week of ~fune 1975 2.nd the study is 

based on information collected then. The information is general to all 

steamers but will describe the "FORCEFUL". It is beyond the scope of 

this project to complete an adequate treatise on marine engineering . 
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'.I!ABLJE 1 .1 SPEC IF' JCN.r IONS:: S. 'l'. "FORC E:FUL". 

Length overall 
Length between perpendiculars 
Beam moulded 
Maximum draught aft 

121 

115 

27 
14 

ft 
ft 1 in 

ft 2 in 
ft 

Gross tonnage 288 tons 
Maximum speed 13 knots 
Service speed 8 k:nots 
Bunker capacity- gross 

- hatch 
- total 

Water capacity- after peaK 
- forward peaLe 
- head tank 
- ballast(under _· forecastle) 

93.5 

9.5 
103.0 
27.8 
18.3 
2.4 

24.8 

Hull:rivetted steel construction with steel main 
deck and wood/steel superstructure. 

tons 

tons 
tons 
tons 
tons 
tons 
tons 

Main Engine:3 cylinder triple expansion,187.5 nominal 
H.P. ,1000 indicated H.P. 

Boilers:two 2-furnace scotch marine,coal fired, 
forced draught,175 p.s.i. max. pressure. 

Auxiliaries:condenser,circulating pump,slave air 
pump,two boiler feed pumps,feed filter,feed 
heater,general service pump,forced draught engin~, 
two slave bilge pumps,110 v. D.C. generator, 
steering engine,capstan,and windlass. 

Propellor:11 ft 3in diameter by 11 ft 9 in pitch• 
4 bladed. 

Accommodation:four officers' cabins and saloon on 
main deck,twelve crew in f'csle. 

,· c ,";:I"· 
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2 • PERS ONNF.:L 

It is the r e sponoibi1i ty of the marine ene.ine r-_.r t o ope:cat e t he power 

syc tems of his vessel. He will be in cbarf.!.e of the main and auxil :i a ry 

machim•r<J and will al s o service, re r <.ir and ,,.,aJ<:e adjustr1ent s . 

He is in charge of other eng ine r oom a.J.!.d s tokeholcl c-rew , t he s e be ing 

junior engineers, greasers, firemen and trimmers if c arried . 

In terms of authority he is under th~ cap tain, but the chief 

engineer 1 s department is his concern and not tl1e capt a in 1 s direct 

responsibility. 

On larger ships the engineerine crew ( r ead. 11black e ang"; "down below") 

tend to remain separate from the deck crew and ri'l.rc>.lry exis+,s beh;een t he 

two. This probably stems from when t he firs t eng i nes ~''e :ce f itted t o 

s a iline ships and sailors had to work ins ide a smoke pal1. 

On a tue t he size of "FORC:EF!TL" all ert=:w and of fic ers s hare a ccomocbtion 

ancl while a ri.valry exists here also i t i s no t t1:at s l;ronc . 

"FORCE:F'UL" on one engineering wa t ch v;i l1 c <:L1:ry 8.11 en:::ir1ecr 1 a, J:t'ea ;wr, 

and one fireman. At sea they worked fon r ho'nrs c.n. Fd._:;ht hours c•f f , 11h.ile 

for day work the cre w worl·; s an e ight hour day rh1s overhme . 

The eneineer s tartetl a s an ap pren tico fi tter aPd tln'll t r . He }':c,;.s also 

dorie time in. the dra wing off .ice and 1. n sh i })S dnring P.ctu.:J.l .re>p ~d r work rmd 

trial trips. 

He joins the ship as a jun.ior f.:ng.ineer a nd here wi l 1 be g i ve n a ' wn;b+t'. 

As his experience increases and sea time accrues Le will be e i ven more 

responsibility and the chance to go for :.1i e;her ene i neers ticke ts. 

"FORCEFUL" will requ . .ire an ocean go in[~ c h ief's t i cl:et owing t o t 'he 

nature and size of her engines. On l ong n ms a S'Scond cnt:i r,eer wi_1 l also 

be carried. 

It is the job of the greaser to oil the mai n and ~'!.'_·~x il iary enei ne s . 

In most cases he began as a fir.eman a nd has been :p t' 0Hk ted . I n ±h e en.gi ne 

room work is easier, cleaner and more h:Lghly ~)aj d. 

The fireman started work as a bunke r trimmer - 0ne wh o ca.rrie s coal 

to the fireman. Owing. to "FORCEFUL' S" si ze she does not carry one , so 

firemen have been trained elsewhere. But note t hat no certified t raining 

scheme for firemen exists. 

If required the engineers can also fire t he boilers and the:r mften 

do so in "FORCEFUL" when steam raising. But note here t hat their skill 

is not intensive. In the past it was allso known f or pr omi s i n,g greas e r s 

to train for engineers tickets but as eng ines 

fully trained engineers became necessary . 
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Bboto 3.2. Fan engine. 
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Sketch 3.3. Sectional 
elevation,scotch 
boiler. ~ir 

fro 
fa ! 

~~~~~~~--' heater 

smokebox and 
air trunks ·· 

fire door. 

Sketch 3.4. Schematic 
of forced draught. 

....... w~ heater 
cool) 

:; ...... . 

comb. chamber 
tubeplate 

coal 
bed 

boiler 



front 
tubeplate · 

stay 

pressure 

Sketch 3.5. Su~~ort 
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Photo ,3.1~ Furnace front. 
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Sketch 3.9. 
Safety valves. 
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Sketch 3.11. 
Gauge glass assy. 
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Sketch 3.12. Bourdon tube. 
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Sketch 3.14. Salinometer float · 
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Sketch 3.15. Check val ve. 
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Sketch 3.16. Tube blowing 
nozzle. 

Sketch 3.17. Valve. 
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3.1 :BOILERS 

The "FORCFlF'liL" is fitted with two m:1r.in e retm'.n-tu1>e or "scotch" 

boilers (seA sketch 3.1~ 3.2) 

Each boiler cons i.s ts of a eyJ.inclrical shell carryint, tvJO furnaeer1. 

Heated air is blown into these, where coal is burnints en er2.tes. The 

hot gases from the furnaces then pass into comh,Jstion chambers and return 

to the front of the boiler throueh t-ubes. Here they are collected in 

the smokebox and taken to the air heater and then to the funnel. 

(see sketch 3.3, 3.4). 
The construction is of rivetted steel. The furnaces are corrueated 

to increase strength and flexibility. The two combustion chambers are 

rectangular in shape and their flat s1.1.rfaces must be stayed aeainst 

collapsing pressures. (see sketeh 3.5). The front tuoo pl2.tes are stayed 

by the fire tubes themselves. Two ty_;>es of tube are fitted, the common 

expanded tube and the screwed stay t nbe. Stay tuber:; m::·e of a sj 7.1c: a.r>cl 

strength to hold the tubepla.tes in. (see sketch J. 6). 

The boiler shell is 11 1 611 in diameter and ho.s been rolled from a flat 

plate and buttjoined. The end plates are 11' apart and are Rtayed by 

the stay tubes and longitudinal stays. (see sLetnh 3.G). 

The boiler is constructed for 175 P-f> .i. workine pressure, e.nd 

is tested to ?62 p.s.i. hydraulic pressure. 

Each boiler has a beating surface of 2960 sq.ft. 

FURNACES AND DRAUGHT 

The furnaces are fitted witl1 grates on which c:on.l is burnt. AJr is 

pumped to the ashpi t and to above the erate. ( s·~e sketch 3.3). 

Air to the ashpi t is bottom air wh6rens top air is SU!)~·,li ed to the 

areas above the grate. Valve handles regulate the ar1ount of ai.r. 

A firedoor is fitted for firine and working the fires a0.d an ashpit 

door enables ash to be wi thdravm or the .fu rmtC(' t o be run on nat1.1ral 

draught. (see photo 3.1). 

Coal bu.rns on a grate of firebars stowj_n~ ·between the fv .. cnace front 

and a bridge at the back of the furnac e . A dead plate .is fj tted near the 

furnace mouth to prevent the fires ap:proachinc: and warr,in.g the firedoor. 

(see sketch 3.7). 
AJr is supr lied to the boilers by a centrJfuc:al f2x~ )!0;·1ererl by a 

single cy1inder, double aet:Lng enclosed sump Ansine. (seo? photo 3.2). 

This ensine is mounted in a closet in the bunters, ac ~ ess be1ng fro11\ the 

stokehold. 

The engine is started by drainine, water from the stea;~ l.Ln" ann from 

the s1Jlnp. Oil level must be higher thfm ~ of an inc!l b.:•lcm the big end 

at BDC. Steam is passed tb:rough the engine to warlr it - ·i.::·2.iLP. 2.2"e open . 

2/ 



3 .1 ncr 11ms 

The sur f ace blowdown removes s cum whi l e the bottom bl owdovm r emove s 

sediment. 

The blowdowns are als o u sed to r emove boiler water for tr•P. J'U:t;"po:=;es 

of water t r eatment. Vlater is evaporated. e on t inually from the boi l ers and 

make up feed is not di s tilled. Therefore t here is a build up of s a l ts 

in the boiler water. The pr oportion of solid m.cttter is neasured in a 

salinometer. This is a float in a bucke t of b oiler \T:J.ter . Wa,ter 

density indicates the c oncentration of solids. The density of !'ea. water 

is taken a s 1/32. That i s 1/32 of t he 'lle ieht o f sea water i s s o1ids 

i n soll<tion. Salt will deposit at 7/32 dens.i ty as indicated on the 

salinometer float. In general practice, the dens i. ty i s not a11owed 

to exceed 4/32. ( s ee sketch 3.14). 1.1/her:. t h i s density i s r eached, some 

boiler water is blown out a nd r eplac ed wi t h l es s de:u:;e nater fn)m ti1e 

tanks . 

Lime i s also adde d t o t he boile r il~ the fnrrn of miH· of lime j n 

t he f e ed vrater. rrh i s n ec,tralises acid boiler vrater anr1 ret<:.ins a 

favour able alka line concli t j_on. Lime a l so forr'ls a ~}C<~le '•;hich j f thin 

will protect the b oiler f r om i nterna l c orrosion, bu t l ar[;e anounts of limo 

will form a heavy s cale. One pound of unslaked lime per 1000 H.P. per 

day i s r ecommended . 

CHECh'YALVES 

:Main and auxiliary feed water check valve s a r e mounted on each boiJ.<:r 

back. They are a non-re t urn va lve wi th lift 2.djustal-:le thro~J.gh a valve 

wheel and screwed s p i ndle. ( s ee ske tch 3.15) . 
TUBE B101NERS 

Tube blowers are fixed in e ach combu.s ti on chamber.' . They are wor ked 

from t he back of the boiler a nd in u s e direct a bl ast of stea1n tlu•:Ju.eh the 

firetubes, thereby s weeping them of s oot. 

Frequency of use depends on the coa l u sed , ancl how it deposits soot i n 

the tubes. The amount of soot deposited in t he t u bes is ga11ged by poor 

air flow through the boiler, and the n ee d to keep ur steam with hot t er 

fires. The engi neer turns steam on t o the blower s and .rotates t hem to 

sweep all tubes. (see s ketch 3.16). 

VALVES 

Valves are fitted t<D the J?lant j n order to cont ro l Ue passage c•f 

fluids. Flow is a djusted as it pas ses t he ea:r be t ween a di s c and i t s seat. 

Height of the disc i s set by a s'crewed spindle and h2.ndl c-. (see ske t ch J .17 

photo 3. 3) 
MANHOLE DOOB.S 

Manhole doors are fitted t o al low me n to S<}lllf!e~e .into the oo:i.le~: for 

pu r poses of c leaning , r epair, and inspection. 

.., 
,) . 
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3 .1 BOII.11'RS 

One is fitted at the top and another helowand between the furnaces of 

each boiler (see plloto 3.3 , sketch 3 .1n). 

The door is elliptical ~1o that it may be placed imdde and mounted . 
•. 

:Boiler pressure as well as well as fastenings then secure it agains t the sbeJ.J . 

When removing a door all vacuum in t he now cold boiler must be 

relieved. Vacuum has been known to pull the door and the man opening it 

into the boiler, with injury resulting. 

The door is refitted with a new woven asbestos gasket , smeared with 

graphite grease or red lead. Mating surfaces have been scraped . With the 

door in place and tight, s team is r aised. Pressure wi ll f oree the door 

against the shell enabling the door fastenings t o be ttehtened further. 

ZINC BLOCKS 

Zinc j_s mechanically attached in the water . space of the boiler as 

anodic protection. Slabs are fitted, these with good elec trical eontact 

to their mountings • 

. ~. ': ~ ; 
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Sketch 3.19. Engine 
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Sketch 3.20. Schematic of main engine. 
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Sketch 3.21. Schematic 
of main engine. 
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Sketch 3.22. Piston and piston valve. 
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i. 2 'MAIN ENGI NE 

The general plan of the engine room can be seen in ske tch 3.19. 
The whole of the machinery involved her e is nsed in r tmning the ship in 

a proper and safe way. 

The main engine is shown schematically Ln sketch 3. ?.0. It is of 

the three. cylinder, triple expansion type. 

Steam from the boilers is throttled i n to t he hj_gh presromr e (H.P.) 

valve chest, where it is ·directed into the H.P. cylinder. E!xhaust f rorn 

this cylinder discharees into the intermediate pressure ( I. P . ) va }vB 

chest, where it is directed to the I . P . cy_linder. This cyHi1der exhaus ts 

into the low pressure (L.P.) valve ches t wher e it is direc-ted to t he 

L.P. cylinder. 

Work is done ·by the steam in three stages , the H. ~' . , I.P. and L .P. 

cylinders all doing equal amounts of wor k. J..s s team rre~~ sure in the 

later sta;ges is less than in the H.F •• the cy li nders f or these !?taet~s ;:n·f~ 

le.rger. Thus all cylinders have the s 2.n:e power, tile san1P f: tr.-lke lru+; 

different diameters. Steam is used on both sides of each pi.s tor. to :rush 

it up and down. This is calJed double action. 

Steam froiTJ the 1 .P. is passed into a ccnde nner wbm~f~ a va cuum of 

about 23 inches meJ•cury is maintained. This i s due to cor,de nsed · s t e;un Hncl 

its collapsed vo1u..rrie. By exbaustine; into a -, acln:m, t he }Jowe r c• f t hf• en;~inP 

is increased. 

Entrained air and condensate is pumped f rom t he c or:denser by t he a :i r 

pump, and delivered to a tank ca11ed the hotwelJ . From he re it i f: pu.mped 

by the feed pump t:rJTough a filter and_ heater, a r: cl back i n t r) thP. boilPrs . 

The pistons of the main engine t.r ansfer t heir r eciprocating power t o 

the crosshead. !J;Ihe crosshead is design(:?d to kee ] the piston rod moving 

in orie line. (see sketch 3 .21). From t he cros~.;head to t he cr::> .. nksh<=>ft , 

the connecting rod is fitted.. This conver t s reciproce.t ine mo tion -to 

rotating motionwhich is transmitted along shafting to the propellor. 

Thus the tug is driven. 

CYLINDERS (see photos 3.4) 
The H.P., I.P., and L.I). are of 17~-", 29tt and 47" dia..J-neter re:'3 pectively . 

Piston stroke is 30". 

Steam to the II.P. and I.P. is controlled by piston VE.1ves. (see sketch 3. 22) 

Steam to the L.P. cylinder is controlled by a slide va l ve. This :tnd the 

movements-in the working cycle ·of a steam engin f> is s hown in sketch 3.23. 
The cylinders are in two parts an.d of cast iron. Covers are fi t ted 

on top, and glands on the bottom allow t he pi.ston and valve rods to wo:ck 

without leakage. 

Drain valves are fitted to remove condensate, a r:r r el i ef ~ra lves 2.re 

fitted to the tops and bottoms of all cylinders. 

>· :!_ ;~c.:r; 
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SKetch3.23. Working cycle for 
engine. live steam 
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H wto 3.5. Control station. 
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· 3.2. MAIN ENGINE 

'.rhese are set to blow a little above the expected workine pressure of the 

.cylinder they are fitted to. They will release water t rapped between the 

piston and cylinder cover. 'l1his water boing incompr:essH)le, can burs t t he 

cylinder covers. 

Pistons are cast steel and are fitted with cas t iron pi::-Jton rings . 

They are attached by a taper to the p.iston rod. 

The piston and valve rods work through stuffing boxes. The stuffing 

box is a recess around the rod which is fitted with seals. 

Steam is admitted to the H.P. valve cbest th.roueh an e'luilibrim:n 

throttle valve (see sketch 3 .24). It can be seen that st.eam pressures 

across the valve are nearly equal, making for little effort to open and 

shut thevalve under pressure~ 

This valve controls the speed of the engine and is Ymrked from the 

engine ' control platform by a hand wheel and shafti~g. (see photo 3 •. 5) 

CROSSHEADS AND GUIDES 

The cylinders are set on columns stepped from the soleplate. These 

are all alike and made from cast iron. They also form t he working fo:!:'ce 

for the crosshead to bear on. When the engine is working aheacl, . aJJ. 

p;ressure is on the port crosshead and guide and when astern , pressures 

revert to the starboard crossheadand guide. (see sketch 3.21). 

The crossheads are all alike and one piece with the piston rod. 'l"'ney 

are fitted with the split top and connecting rod bearing, and also hronze 

slippers which work on the crosshead guides. (see sketch 3.25). 
The guides have zig zag oil channels cut in ther:J t e evenJy distribute 

lubrication. A tray is fitted just below each cuide face, and a brass 

comb on the crosshead dips into this and wipes oil over the whole face. 

Oil boxes are mounted on the cylinders and these su:.nply 3. constan t drip 

feed to the · guides. (see sketch 3.26). 

The ahead cross head £,.ruide is able to be cool~d by water from the · · 

·"eire" pump • 

CONiillCTING 'RODS 

2. 

These are all identical, and are jawed at the upper ends to receive the 

crosshead and shaped at the lower ends to fit the crank pin brasses . 

(see sketch 3.27). . 

They are foreed steel with a pressed in steel toll end llin, white 

metal lined bronze big ends and; steel caps bel ow t hese. 

Oil collectors for the big end are cB~·ried on the jaws , oil travel ling 

down copper tu.bes. to this beexing. Gil f or the top e r.d comes from a 

collector on the crosshead. Situated above these collectors a:ce the O'tJ.t-Jets 

for o.i1 lines coming down from oil boxes mo1.mte ~'l on the c:: lindErs . C'il 

comes dovm from these and fa.lls into tl1e r.10viEt: co1~ect0~:s . 

'. ·.,.~ ... ~\. ; . 
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Sketch 3.30. Eccentric. 
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Sketch 3.3?. Principle of Michell thrust bJock. 
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3 .? !:'.A.HJ ENGINE 

On the L .? . c onnec U ng tod tlle top end _r:!:i n i s ext.encl.:,d to ~arry links 

that drive the r oc1ers for the a i r and sJ.ave l)i:Lee pumpf:, 

THE C3AlJKSHAF'I' 

Thi B with t he connec ti.ng rods , trant<:r:Iits tl!.e rHciprocatin:~ nwt i on of 

the pistol'ls to r otat ive motion. '11hi s crankshaft is three' throw, bui1t up 

and wi t h figure e i ght crank WP. bs a t 120°. Crank pins 2.nc1 ~;1w.fts are 

shrunkfit into the crankwebs. (see sketch 3.28) . 

The cr anksha f t is aarried i n s i x main bec>~r-:Lngs whic.b a.re in t urn held 

in the sideplate . 

The ma in bear ings are white metal lined bronze , he ld down by s t~e1 

caps. The soleplate is t he bed of tbe eneine . It is a 1a::: :~e cast iron 

s tructure mou nted to t he s hip lii fr rome, 2.nd extendir1g ah.c.ve the enri ne room 

floor p l a tes. From it a l s o r i se ~he colmms s uppor tine: the cyl in(l er~ . 

The main bearings are l ubr icated. by o il boxes mowd.Pd on them . 

( s ee s ke t ch -3. 26 ). 

'l1HE V!LVK MOTION 

Stephe n...sons Link Moti on i s fit t e d , a:crangemen ts be i ne U1e same for a l J 

cy linders. (see sketch 3.29). 

. 3 . 

For each cylinder two eccentrics are fi tted ( see n1 :etch 3 . 30) . Eccentric:n 

are a form of crank with the crankpin l8.rger t km i t s shaft . They i mp::u:·t 

a reciprocating motion to the eccentric sheaves and r ods. On<" eccentri c is 

set to run the engine ahead, while t he o t her wil l run tr'e engine astern . 

Choice between the two ecc entri cs is :nade by sv,;j_n:::; i Yl2 the c~1rved l i nk 

between the ahead and as tern eccentric rods . 'IIi H : tr"e ahe~td rod under the 

valve r od, the e ngines will run ahead . 

ThE; link is swung across by drag links f r om t he r eversi!l.$ shaft . The 

revers i ng shaft is hung on brackets from the cyl i nder s . Levers from t he 

reversing shaft are attached to the power r everse . Thi s i s a hydraul i cally 

damped steam cylinder and is opera ted by a l ever near t he s t;:trting platform . 

(see sketch 3.31 ) , photo 3.5). 
The valve spindle or rod is attached to the link t1u·oueh a s lip1!er 

block, (see sketch 3.lt ) and is ~1i de d by a br acket. 

Bearings are fitted with grease cups, t ltis being their only lubrication. 

SHAFTI NG AND PROPELLOR 

The shafting to the propeller i s connected tc. t r.e crB.rJ~s}J3.f't by an 

8 bolt flange coupling. 

Propeller thrust is transmitted to t he shiJl by a MichAll thrus-t bl ock .. 

(see sketch 3.32, photo 3.6). 

This works on the principle' of m<:dnt iti n i ne; a. wedge f ilFl of oil hetweeu 

a shaft collar and the body of the thrust block. The c ollar:· is i m!>'ersed 

in an oil bath. 4/ 
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S ketch 3 . 3.? , J.,a y o u.t of stee r i ng lin i-cage. (fror:'J :\J,acg i b!:'on) 

Photo 3.7. Steering 
engine. 
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3.2. - r1:AIN ENGUTE 

The shaft then extends aft tbrough a shaft support bearing and 

another flange to the stern gland. This gland prevents sea water from 

flowin g into the ship. A grease gun U.s filled with graphH8 gr eas'" whieh 

can be pmnped into the gland. 'Woven greaB~r hemp is the pack:i..ng used. 

The :;;~1aftine extends aft through the stern t\1be, at the end of wbi. ch 

is fitted the propeller. This is a 4 blaoed type designed for towing and 

hJgh thrust • . It is of 11'3" diameter and 11'9!1 pitch. The })itch i s the 

distance the propiHlor will screw itsel f forward irJ one revolut.i on, 

assuming no slippage . 

· 'While on the subjec t of the propel ler, the rudder can be mentioned. 

This is a flat platelike structure mounted aft of t he prOll<>llor. It ean 

be swung in an a.rc by a steam steerinG engine mounte d. .in tiw engine room 

upper platform. Shafting from th.~ brid.e e opex·ates the i?. li e, i n e c0nt.r ol 

valves a.nd hence through chains, tlw rudcler. ( s ee s 1etch 3.3), photos 3. 4, 3. 7). 
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Sketch 3.36. Condenser cooling. 
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3.3. AUXIl.I AEY L:.ACiliRli:::::LY 

THE COHDENSEH (see photo 3.B) 
The s urface cond.enser consists of a 0i:r:cul <~rr steel shell with ro11ed 

brass tube plates at each end. Between the turJe plate ~> are f:i tted -~- " .,.. 

diameter brass tubes. Support plates ar<" fit ted t o ho ld ll }) the l one n1h~ 

of tube. The tube ends are set in glands . 

These glands allow for differential expansion between tbe tuhes anrl 

condenser body. They also prevent leakage of oo o1ine wa ter ( salt) i n t o 

the vacuum space and hence, into the boiler. 

The tube ends are capped by cas t iron doors . Sea we_ter i s ;;umped into 

one door where it flows aft tlu~o11eh the lower run of t ul;es to t he after t1.oo1' . 

From here it returns to the front door and is p.i. : •ed. overbi.,qrd, This type 

of condenser is termed a. two pass surface condenser. (s ee sketch 3.34). 

Exhaust stea>:1 from the engines is led to the top of t:te condenser 

vacuum space where it meets a baffle and is distributed evenly. Stea:<n 

passes around the cool tubes and condenses. F:eom here it fal:l s t o t he 

bottom o.f the condel'1ser body, ctnd collects in t l1e air pru11p SlJ.ct Jo11 l j _n.e. 

A valve from the condens er to the fresh water line .i i ; f.j -t; t ed r and IT.tflY 

be used to replenish lost boiler water. Condenser vacw.Hn draws the water 
-, 

into itself. Sea water is also . able to be dre.vm i.n a similar fashion but 

this is an emergency measure. -

Salt cooling water may also be . drawn in aronnd leaky t,_,_ty:, t o tubeplate 

stuffing boxes. They- should be kept ti e:;ht and the pack inr;s , greasy cotton, 

must not be dry or damaged. 

By subject:i.n'g the condenser to about 7 r,.s.L internal water ::pressnre, 

leaks can be found and repaired. 

Stuffing boxes ca..'1 be · repl aced but per fora ted tubes must be :plugged or 

r~placed. Wooden plugs are pushed in to plug a tube. Tbey will not loosel1 

under condenser vacuum and also swell when im~ersed. 

CIHGlTIATING PUNP 

The function of the 'eire' pwnp is to deliver cooling water to the 

condenser. Sea water flows into a centrifugal pump (sketch 3.35). where 

it is delivered to the condenser. It then flows to sea.. (sketch 3.36). 

The pump, made by DON-A.CCOHD, is driven by an enclosed sump, sir!gle 

cyli~der steam engine. The pump i mpeller acts -as the fl~~heel. Refer to 

the description of the fan engine for n:::1ning (letai ls. ( photo 3. 9 ).. Peg 
' 
holes in th:- engine to pump flange coupling enable a ttcn spG.nner to turn 

·the· engine_ past dead centres. 

Speed of the engine is reg1ilated at the steam valve . 'fl·d.s engine 

sho~ld be run at a speed just sufficient to maintain vacuum. Fsually 

30 to 40 lbs. of seawater is required to condense 1 lb. of steam. 
' ,, I 

Excessive water may not imJ?rove vacuum 1 but :i.t will chill t he condensate 

which must be heated. later on. 2/ 
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3.3 AUXIUARY MACIII NJi:JlY 

Slower pump speeds will improve economy of steam ahd promote l onger 

working life. 

THE AIR PUl,P 

This pump draws condensate and entr a i ned air 

of the con~enser. (see photo 3.10, sketch 3.37) . 
from t he vacuum s pa ce 
1rhe air pump i s ·of t he 

Edwards design and operates with only one s et of va l ves. 

The pump rod passes through a stuffi ng box ( hem:_i pac:ke cl ) and to 

rockers operated by the main engine. The pump r od i s a lso t;u .i.ded by a 

small crosshead (see sketch 3.38). 
The same rockers operate bilge rain : pump i3 on ea ch s ide of the a ir 

pump body. Thes e are continually keeping the bilges free of water . 

The air pump discharges into the hotwell , whi ch is a ho1din~ tan.l-c 

for feed water. ~t is mounted under t he f eed plun:ps. I t i s fit t ed with a 

float and linkage to the ;throttle valve on the .fe ed pump . :By as::mmi ng a 

constant voluJne of water in the system, this float maint ains a constant 

water level in the b oilers . 

THE FJ...:'ED Pl.Th1PS 

Two Weirs independent simplex .feed pmnps are f i .tted. These are 

v.ertical single cylinder steam pumps. (see sketc11 3 .39), pboto 3.10). 
The · inboar;d ptunp is used a s the m:=J,i n fe ed pump , the ou.tb:xrrrl pump 

being a backup . The pump draws from the hotwell and dr:J ivc:rs t}c.rou.:;h the 

filter and heater to -U1e boiler fe ed cJ--.,;ck va.J..ves . 

The steam pis t on receives s team from a stear:.1 oreratPd pis-',cm 'ralve . 

This valve is operated by a small slide val ve d:c i ven l1y lLnLa_:::e from thf! 

pump rod. (see sketch 3.40). Note that the steam piston is lar ,ser th ... 'll1 

the water pump pis ton. This enables hither pr 2ssu.res t o be dev(;:loped 

i n the pump end. 

If both pis tons had the s ame diameter , t he pump cou ld not !'USh water 

into' the · boiler a s pressures each end wou l d bala:>1cr~ . 

By .ma:r1ipulating pump discharge valves, v;at er can be de1i.vered t o 

the auxiliary feed check val ves on .the boilers , straight fr01n the pump. 

This '.'Vould be done in event of filter or hei'tter breakdown . 

The pump is started by filling the cy linder l ubr i cator w:: t ~;. s t eam 

oil and pumping 1ubr1c<mt i n. - The cyli:1der drain is orened <>.rd. s l:. ~:~am 

turned on to warm the cylinder. Suc tion and dischart;e vaJ.v,_~s are opened 

a nd the beaFings lubricated with engi ne oil. 

'A Weirl:l slotted spanner is fitte d over spigot s on t he doubl e joint <. 

and front stay • . Stearn is turned on ancl t he pump should. st2rt . The valve 

gear ;is move d with the s panner so as t o prevent t he prunp from r"earing 

full stroke. 

This ensures the pump does not stal1 a t B. D. C. or I .lJ . C. whH'e i t 

will be har d to restart. 
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Sketch 3.40. Sect 
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3.3 A1JXII,JAHY j',: ACHilJEIC{ 

Thepum:P should be stopped half way on the up s t roke . This wi11 he1 p 

in restarting the pump next time. 

THE J.i'EED VJNrE'R FILTER (see sketch 3 . 41 ) 

The function of the pressure f eed fil ter i s t o t r a p oil and seditrrent 

in boiler feed water. It consists of a cast i r on body i nto whi ch a re 

fitted per"±' ora t ed plates. Coarse towell ine; i s placed be t we en t he p1ate~> , 

this being the filtering medium. 

The filters must be kept cle an other wise t hey _will become choked and 

will burst, releasing the oil a nd .sedime:1t to t h e boilers, 

THE FEED V/ATF:H HEA'l'ER (photo 3.11, sketch 3.42) 

The surface feed heate r heats boiler fe ed water. Thi s u t ilises the 

. heat in exhaus t steam and by pumping hot wa ter :i.n t o t he ~ boiler , incr eases 

economy and decreases thermal shock t o the boiler . 

Fee d wate r is passed through t ubes a ronnd which exhaust .stea.)lt is 

direc t ed. Thi s s team e i ve s heat to the feerl wa t er, i s condensed and dra.irts 

to the hotwell. The hotwell drain vaJve is set to keep balf a elas s In the 

gauge glass fitted. 

In c ase of breakdown, the feed heat er rna.y 1J8 by pass ~d . 

THE GENERAL SERVICE PlH·ilP (see photo 3 .12 ) 

3. 

This is tbe donkey pwnp and pe r f orms eener al du t :ies i n the engine r oom. 

It is of the Weirs pattern whos e design has been cover e d in t he descr iption 

of the feed pumps. 

This pump can draw from the fwd peak t ank , a f t pee.k tank~ hotwell, 

main bilges~ independent bilges and t he sea. I t can dischar:_:e to the de ck 

fire main, overboard, the c on denser ( c ooli n[.;), t he day tank, aux~,. liary 

boiler feed, the f wd pea.k tank and t he aft peak t ank . 

It is warmed up and kept hot all day i n case i nstant operation i s 

required. 

THE GENERATOR (photo 3.13, 3.14) 

The generator supplies electric power t o light s and na'l i gation lights 
.. 

· at night. It was made by AS'I'ON a nd develops '2 . 97 I:vv a t 110 v ._ DC and 27 amps . 

The generat ing engine is Et single cy l inder encl osed surlp en.r~i ne rrncie 

by HINDLEY and SONS. The spJ3ed of t he engine is governed by a thrott l e 

va lve governor. 

The electrica l i nsta.1J ation of a. sl:Ji.1l must be t ·wo wi.:;~c. Th:ln is 

because c1.u:'rents in the ships hull will lead t o e:drcr:H~ stray cm::ren t 

p orrosion. 

Leaks' to the ships frame a r e dete c t e d on J .. $l.-mps whi c h bric1t~ e the t wo 

power lee.ds to earth. If they ligb t up when s witched on , an earth in the 

power lea d is indicated . Thi s is tra.c P.d and r el'1edi ed . (•e• •!M!WIN11 3 :~) . 
Both lights should li eht when b otL a re s ·ni t ched on . 

j .,. f I' 
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Wednesday night 

Thursday morning 

· Thv.rsday night 

:Friday rno~ning 

Saturday morning 

Sunday morning 

PHOGRAlVJ:r,!E OF OPERATIOIJS 

light fires - 12 hour 11a..n_tc. 

reba.nk 12 hours 

reban:K - steam showing 

7 a.m. build up fires 

8.45 a.m. slipped berth and ste ~trted 

to coal in3 wharf. 

11.30 a.m. secured berth 

.- banked fire s 

build up fires 

1.00 p.m. - slip berth - steam down river . 

4.45 p.m. - sect:.re berth 

bank fires 

? a.m. - ·build up fire s 

- breakfas t 

9 a.m. slip berth for Moretcn Bay. 

4.15 p.m. - secure berth 

drop fire s 

- • • ~1"(-.,' 
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Sketch 4.2. Banked fires. 
'\ 
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firedoor,ashpit, 
and all air valves 

shut tight:next r---~ 

to no air going 
in • 

. fresh coal 

Sketch. 4•3· Scotch boiler, 
sect. front el • . from 
stoke hold. 

burninfj coal 

(steam space) 

top hot and 
bottom cold 
lead to unmatche 
gxpansion and 
>train; therefore 

·. team up slowly to , 
llow heat to diffuse 
iown. 
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4.1 ~)TEJJ,T RAISING - Gftr~'InG Ut~DER7!.t".Y 

Steam raisine from cold took a t ot a l ti~;e of 36 hours. Trte fire~1 

were started in one furnace by 1 iehting a ~:: m9.ll ::pa·per and. kindlinc. fire. 

Iv!ore wood is added and then coal, when the f i reman is con.f:i dent it will 

catch fire. The as h::pit doors were opened s o that the furnaces mRy ru>c 

on natura}: drmJ eh t. (see photo '1 .1 and ski' te h 1 • ) 

-When a lar{Je fire bed has been buil t UJ~ , burninG coa 1 w<w c0llce t er'l 

on shove1s and placed in other fnrnaces. };'ires we"!' e then bni]t up in a ll 

furnaces. 

All of the burnints coa l was then pushed back on to the last fifth 

of the grate and fresh coal shovel1ecl in to cover the front of the grate. 

Ashpi t fj_redoors were then closed as were all other air v.s..l ves and dampers. 

This is called banking the fires and is done whsn l ow he?.t out11ut over a 

long time is required. 

The coal must backburn through itself and very 1i ttJc' air .is sur~1lierl 

for this. (sketch 2.) 

Valves on top of the boilers are opened so at.: to puree the boilers of 

ai:t when steam is made. Air at high pressure aml ter:rpe:r·ature vlill increase 

corrosion in the boiler and must be exhausted. \'llJtm s tPaf"l j s is~;ui.ne the 

v_alves are closed. (about Th.W..sday late). 

With boilers of this type steam must be raised slowly. 12 hours is 

generally regarded as beine a safe minimum. 36 honrs is 1o'1f'. bn t fits in 

very welJ. with the crew and imposes low stra.i.ns on t he hoi ler. 

During the floods in 1974, steam was raised in 6 ho1rcs but this 

necessitated r e-expanding leaking bo i ler tubes that had woJ:ked loose through 

the strains generated by unequal expansjon. (see ~:ketcl l 3. ) 

Thursday morning and night saw the fjres rebanked fro:t the fire!" left 

in the furnaces. 

Friday morning saw the ashpit doors opened and t he fires built up to 

working pressure, about 150 p.s.i. When under na.tura.l draup,ht the firedoors 

are cracked open so as to allow top air irito burn off the volatiles . 

The boilers can be coupled by t he eneineer when the difference in 

pressure between them is less than 10 p.s.L 'l'o achieve t his, one boiil.Pr 

may be fired harder or slower. The main ste8..m val ves a.:re then cracked open 

so as to warm the steam lines up slowly. 'fihe:1 warn the:.- may be opEn\~'d fully. 

Auxiliary steam mains are also opened u:p .in the s arr; e wa;;. 

If stear)l were to be admitted quickly into &, cold stean line it will 

condense and create a vacuum. It is possible for this to dr~nr a !•ln.e; of 

water along t:r.trough a pipe at high speed: this may burst r1ipes and valves 

causing serious accidents. 

When the steam spaces of both boilers are interconnected they art:; 

said to be "married". 

'2/ 
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The force d draueht i s s tarted by openi nc the t runk dara:pers, draining 

the s t eam l i ne to the fan eneine and t hen st.a.rt inc, tl, e f an er'Gine with 

the auxiliaries exbaus-ts to atmosphere . 

Air pressure · in t he trunk s i s artjusted bj SJ:leeding up or slowine t ll P. 

fan ene;ine-. "FORCEFD I}' is run at 1" of wat er 8.8 ueasur ed on a manome t er • 

. The ashpit doors ar e s hut ancl the air val ves be s i de t he- fii· c do c,r s are 

opened, thus admitting bottom air. Fr·om t :im<:, t o t ime this pressur e wiJ l 

ha ve to be re - adjusted as it wi ll f l n ctna te v:i t h changing boilE·r pressure 

and whe n t he aux iliari e s exbaus t is Bvd t checl f:r.'on atmc,s :phere t o t lie 

condenser. 

The top air valve was not opened vrh8n bm;ninc BJ.air litho l coal. 

However Ips wich c oal will s moke heavily if top a i r is not admitted . '11his 

is be c ause of the ereater. quantity of v ol a t i l es i n t1~e g,J. ~~er?:icti.v e I }lSWi ch 

coal, and t he way they burn . 

About 1-k hours before departure t he t-mgine E':r an d gr e<:.ser ta.ct 

11reparing the main and auxilia.ry machinery for c ;>eration . 

First job is to check the boiler wa t er l evel. '.Phe c_P.l.l{J! ~~ las s e ocl<:s 

are opened and the l eve l s hould soon s e ttle d cvm t o a t cn t -} ~~lass . The 

ga uge glass is tested - each cock i.nde:ptmdf'r tly for f ree _pa3 s a:~ e. Tr<is ~is 
' · 

essential for a true r eading . In addition the :; la~· s r· s are als o.· tes te d 

("blown down") about every 4 hour s by openinc, t he drain cock, ;:; h<ttirw i t 

and watching the speed of water retu rn all d t he new level. 

Pres sure gauge s for each bo i ler are on t he b oiler .front s s o the 

engineer must walk through the alley betwee n t he boilers ~ t nd i. n t o thEl 

stokehold (see :photo 4.2); Pre ssur e s are hated Rnd the r eadiness of the 

stokehold checked. 

If the :pressures are equal the engineer wi ll " marr~r" t he hai l ers . 

If not he will use steam frqm the boiler with t he higher pr e s sure and · 

"marry" them when equalised. 

· If light is :poor the engineer will start the generating e ngi ne, 

exhal..J.sting to atmosphere. Speed of this encine and hence power O'.'tput 

must be adjusted to the number of lit:hts being 1.1sed , however t r' e governor 

will handle sma11 flue tua ti ons. 

Unfortunate1y this (SOVernor was sticking , leadin,:: t o dim or over br ight 

lights at various time s . Tapping the control li:P..kage when stuck f reed it. 

Meanwhile the greaser will be on t he t op . ene i ne r oom pla tform . 

He draws the , wicks through his fingers t o clean them of f~um a~~d sludg e , 

fills the oil boxes to i" below the t ube mou t h, di ps t lie wi cks well and 

i nserts the wicks in the tubes. 

He then goes dovm below and does t he sarr:e f or t be reair. beari ng boxes . 

Grease cups are filled and screwed in until pressure is fe lt 2-nd a littl e 

more. 

,., 
"' • 
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Photo 4.(~. AJlepay between 
boilers.(from stokehold) 

port boiler 

i.-----walkway (enough room 
for a crouc h) 

'?......-~-----------------·-- - ------· 

Photo l.J-~3, Swabbing H.P. J'. 

piston rod with cylin- ,
1 der oil,u$ing long i 

handled brush • 

. H.P. valve gear 

long handled 

Greaser 
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4.1 STEA11I RAISUfG 

Trays under the eccentrics are fil lE'd wi tli watt:r s o t hat the stra11 .is 

partly immersed. Evaporation then keepH tld.s bearing co..:l1. The same 

principle follows when the crosshead eui.cle t r ays n:re fi]l ed wi.tll oil ~:md 

water. 

Oil is run on to the c:rosdtead f2ces, big end ancl sm&ll end bearings 

cups. The shaft bearings are oiled and the t hrust block must -be fi1 1ec1 

with oil, the oil rresent being checked for qt;aH ty and quanb ty. ~11Le 

stern gland grease gun is turned and all piston and valve rods are painted 

with cylinder oil. (see photo 4.3). 
During this time t he engineer has set the ma.in f e E-d purr:p away slm·rJ.y 1 

drawing from the after peak tank. By opening the suppl~r \·~=tlve at t l··e 

after peak tank water is s1.rpplied to the e;eneral 1:' ervice 2. ' id f eed r•J" :p 

suction valve chests. 

3. 

The valves on the feed pt.un:p di s charee chest are set so t lja-!_:, i\e-ed wa ter 

is pumped throut:h the filter and heater i.ntu tte boj ler t1L.1. c~J~b the rn:-:ti.n 

boiler feed check valves. 

'l'hese check valve s are adjusted durinc J-,o5.Jor fe e d.inc ~,,:. tr.at cUfr>i•:r':ld, 

amounts of water may be pumpecl into each b c: ilPr ar: rer:'.-. .i ,.. f:d . For instr·>-nc,, ~ 

i_f the port bo :l. l er has less water than t :K: stext,oard 'boi1 Pr, the l'OJ.' t boiler 

check valve will be opened further tban tl1o s t ar1}oard checl: val';e and th,:s 

more water is delivered into the port boiler . 

chalked in on mnall blackboards on the back of th; bui le '~. ':::1 :<' cl-:eek ve.JvPf> 

are adjusted to control t}ie relative amounts of \'rater f' l ' '--~·rin,~ t-ach 1!o i.JPr. 

The engineer now checks thqt main e nt__:j.ne ~te z:1 dr<l-5ns are op.::n. H.--' 

·will then crack the main s team throtth• valve a nd O}JC"!. ·;Jtf · star·!-;int3 v;::.lv(~n 

to the I.P. and L.P. SteaJn passing through tbe enr,:Lne will w!:trJl lt. 

So tl1a,t the condenser Viil1 not ove:eJ1eat ncqv~ :Lt rnu.st be codPdlf 

The 1 eire 1 pump is started away s lowl y a.ft.E'r opening t he se;"t inlet and 

outlet valves. vV:hen getting underwa.y it rrn.1 st be rnn at }tish R}1eed :::s it 

must not stall. I f it did the condenser woul d soon ove:rh<~ c:d: and start the 

tube to tubeplate packings leaking. 

Now that the condenser is . being cooled , t.he a:c.:xiJ.ia.rii.Y3 PYl:aust rr:a:-

be switched from atmosy.Jhere into the condenser. This is c_c ne O/ 3.::_ tc_'.:.nc 

one va1ve on the auxiliaries exhaust n:ai.n . 

Ba~ck presSure in the exhaus t line is set t o abo11~ t 7 p~s.i .. 1):;~ a. ·vaJ.v~J 

wheel near the starting p1atform. rt'his enables auxiLi.ary exlta.clSt f-l t o bo used 

in the feed water heater and a1socallows the eneineer to :read~inst all engi rlf.• 

speeds at once when conderwer vacuum is broucll t- H}:! . 

Tl1e ste~.-:rine; eneine is warme d up and oi1 ed as for t l'e ,, ,., , n f'!':':ine, 

Steerine chains and b locks are oi.1ed. 

. ' 
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Photo 4.~. 1 Engineer starting main 
engine. 

power reverse lever 
in ahead 

Engineers ri.ght 
hand opening 
throttle 

--·-------·-----------·- -·-



4.1 STEAJV1 RAISING - mi'l'TING 1!1:L1 'Eli'N.AI 

The main ~·ngj ne i.s now started. 'l'hE• ~"nc i.nef'l' \'~ttrm;; 1J p the pO\'Nr 

reversine c:yli.nder. Then by movine the vnTve e;ea.r lever be tween altec:.d 

and astern the valve gear is aJ.r;o moved. Thi. :3 .<j,J.so wart r, s Ul! hotl1 ends 

of the cyhnders more effectively. 

The . totarting valves are shut and witb. tl1e vaJ.ve gear i n aheco.d or 

astern. The t hrottle valve is opened unti l the en2ine turns, r;_sna11y 

stopping when ~:otearn in the H.P. is c·ut of f. H.r. drn.j_ns arE' shut 

o therwise the e ngine room fills up with steal'! o,nd the enein.ser cannot 

breathe. 

The valve gear. is S'Jifl.mg from a::.; tern to <:thead al terYl.::~tive1y and tbe 

steam opened on each reversal. 

The engine will become warmer a nd when the H .I>. nu1s uvP.r dead centre 

the engine is r un for 3 or 4 revolutions ahe2A and as tern until it sta:cts 

.easily on each reversal. It can then be 'rade to run dead slow a::Jtern 

for several minutes to warm it completely. The bridge i.s informed o.f 

the eneine rooms readiness, t hroueh the -roice r i:pe. 

Another duty done now is to start the gener2.l service _pu .. 111p filling 

the day tank - this ta11..k provides a head of v;::::.ter for s hc,wors, taps and 

toilets. 

Upon bridge orders ("S'l'ANDJ3Y" first) tbe engine is st.art8d with I .P. 

and L.P. drains open . (see photo 4.~b. If t he engine should staJ l after 

cutoff in the H .P. t:be starting vaJ.ves to tbe I. F . and L .r. cE,n be opened, 

pressure i n these valve chests starting those cylindere. T'ne.:· are t:hen 

shut. 

This bas not been necessary so far as t} >e eng:i ne .is positioned for 

an easy start. 

Drains are then shut and the e nt.;ine broveht up to speed. Back presmn:e 

in the aux.il.i.a.ries exhaust i.s reset and the 'e ire 1 p _i.r£l!.i sloned so that 

condenser vacuum is just maintained at about 22 inches Eg. 

Exhaust steam from the auxiliaries is then run int(J the :~eed water 

heater - tl1is is adj·usted for v~rater level b,y the clrain val"f..re . T11~~ fe 0r1 

pump is set to speed and the hotwell level float connected to the thrott1.e 

valve on the feed pump. 

Steam to tbe feed water heater is opened_ wi.c'lE- and. the dra.i•l t'' 

hotwell adjusted so that half a gl ass is sLowi11~· . 

The tug i.s r1ow underway • 

' . 
'. ~·! ~ 
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Phot o 4 . 4. -" Pitchi ng" coal .. (un der fo rc ed d r a ught) 

Air va 
may 

-- ---------- · 

shut so that f redoo r(on c a tch) 
opened. 

SKetch 4.4. 11 Pitching 11 and the 
11 Coking'' method. 

furnace at 
waist height -

f loor-plates 

smoke and vol~tiles 
being burnt ( i n 
the furnace) 
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Sket~h 4.5. Raking back burning coal . 

furnace 
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· . Some coals will .fnse irito, :-~iumps c-rnl.'l. t~1·~E:e must Le bJ:oke-::1 ll:P ;vi U1 

· iro.11.s ·~ 
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Photo 4.7. Blackboard 
near feed pump. 

blackboard 

1-'hoto 4.8. :Feeling temperature of L . P. big end 
as it comes over T.D . C. 
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4. 2 EJ'fGJl1E:•,Jl.JJ~G UNDJiJf,LW 

water level f.ql l s., tJ-·e stear:n i.s condensed a_t•c1 pnr~rv?c' i.;·,to t11E' lwt1.1•ren: 

Ute floai.; · control then srJeeds up t Le feed p<).l!lp re-:c J.erc'_s!lin;:r, the 1;-,::·.-t 

boiler water. 

But steam and water 1eakac;e 1ec:l.c\. to a e,cr1eT<J.-: J ogs c f w;Tter :L n -tJ,p 

r:ondenser ancl the feed water line. Com:..:mser -;.racuuJ;; _n,·:Us v:ate ::.' ;r•T'~' -1-.ltp 

condenser. It then miXE'S with condensate aY\d is pu.o1pe•l. intc. t::e boiler·';. 

WhE=.m make up feed. is on, th.i.Y f;:t.ct i ~~ ch<JJl<ed iYJ. 0n Lh:' ['i'!l:l. :U 

blackboard near tlte f ec:d ptmp (ro;ee pbotc• 4 .7.). Ot~wr }'i.01'1'"•S 1 •f :rt>lt."VC:Wt 

inforrn.e..tion St1Ch as hot bea.r:i.ngr; are c~.1 :c-o v;ri ttnn d.oY!n here t0 rernind LlHo 

t l ( 

their temperature. Coo l bearjngs will n e t be>. u:1r:lec-w::u'tl~· lJ,·.t tc; tLi': dt. 

He then works aft t:hrc;ucJ·J the ent:i:ne t ocwH n c n11 ;:,t,,d;io!1:1rv Hml rnov:in?. 

bearings. :tie knows that t he TI.P. wilJ r un ]·,ntt,:.r owin~: to thp TJrc>:::~o'llC•~ 

of hotter r;team t here. 

Valve eear and main bearings are eai~.Y t o .fseJ Lavin,'~ J i t~·1 e or no 

movement. But the b:i.g ends must be touc}\ed and i\.1Jc,-i<i~::l 2.s <:r' ~' ;nr•ve ovet· 

tq) dead centre. (::we photo 4.8). lis· tf1ey come ever , t~.c <?d ·.c: ,,f tLe t~euJ d 

is broue;ht clown int o the recess be tween t h:· e :r:ank iY'.6 

the only sure way to feel the actual b c> &.ri.n!.' l:Tz~::; s. 

At 96 revolutions this is difficult tc de- ~-<. ' _:} 

completeJ.y, succeed or receive a }•ard knock. 

catch tbe bearin.g cts it cornes 11.p a11d allO\Y 5t to tal.-~ hj_::· h:• .. ~-~·:"t, 

During towi.ng they can be c ooled by w2.ter f-.co n·t ti e 1 c. · rc' }"-''-'~' . 

mistakes can lead to inJury. 

q1w.ntity and quality . Dm:-1niY, tcxwinr; ·L}-,f, thn :d .b.L;(:k c:-:x ;- 'l<:;c )·,e cn•1h; (l 

by water from the 'eire' l1U!Hp, 11ut duc.i·-·: c-:..,,i::dn.: tl ii.'; ~s n ,f P.,·-c e:-1'<u·:·', 

·/ 
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The shaf t ~lummer b l ocks a re aJ s o f r·:l t fo:c excessive tempcrat\1t:'r-.: . 

Hot o r waz:·m bearing.s c an be c ool e d by i ncreasing t heir oiJ suppl ;.r • 

..,.f . . ' mr l.X1C'nt O J" } r1nst be J' (\U.I'e d t~lr c.q·,ph ?md 0 11 Ci.l)TJ.>:::~c'\'<'1] fT'C1Hl t}H~ 1. · selzure lS .l rL . . • . .. "'' . .' . _ _ 

bride;e the ene;ine r:a y he slov1ed n lltil t he bem·ilt£' cools. The CtltZinE ea.n 

then be s~i;opped a nd t he trop ble 1o6a ted. a'!d re• l''!di..ed. 

If t lle bea:.cing is near to s e izur e and tLe enr,j.ne :i.E si:ol'~led , t' e 

bear ine; may weld to t ;ie s }Jaft. 

llearings can over.he.:.t t th:('ough i nsnf ficient cJ.0::1rancc, ("ti . ' t " ) or 

t hr ouc;h mh>a lj gnment. A tie;ht bea d ng can be shi m.med. to cc:r:rect c l H!.ra:nce, 

b ·1 t realie;nment is a major joL. 

On "FORCEFUL", t he H.P. 'top end was runr1i ng war f'l, prob0.bly dna to 

the unusual trim of t he ship that clay . I t was kept coo:: h~' over oil i n?, · 

Tl .1 e I,P. valve rod guide also r an bot as it~~ crear;;c; c;ur; C'<'••l1d :-~ot 

1 . t ] m}r,i. s WHS f r eed and t}le t"' .. li. :Lfl~., G• >1.J ;} bn ['f' C~it:sf>d • 1e opera ·e c. . .1. _ 

Ahout every 20 to 30 minu tes t h e gr easer co~..?f:J acmJnd ::>.nd nils the 

nain and auxiliary Gngine s. Starting from tr'!e to:p enG i ne room p ] atform, 

oil 'boxes are refilled a nd wicks are dippe d a11<J reinsert •:d. Cj_l may be 

d d · t l d.ovm the tubes for a f ew seconds to aqgu<e,lt o-LJ. svr:~)}y t•) poure J.rec -Y 

the cros s heads, to:p and bo ttom e nds. 

AJ.tern r1. tive way s t o supply a ('icl itional oiJ. t o therse beari!1[J.S are to 

catch the oil boxes as they move and p,i v e a2 nmch oi 1 as is ::1o ;os i.l)l e 

Jn 3 revolutions . Oil may a] :;w be s qu :irted on to on S?l ~'pJy t:lbcs . 1?r:om 

here it will drip i n to moving oil boxes . ~'l 1 i>:)f:e me t hods a.l'~" done in the 

engine room below. 

Before returning be lo•N' the gr easer- oils the · s ter!1:':Lnc f"'lgine and 

paints cylinder oi l on its piston ar!d va l ve r0cls . 

Down below t}Je greaser refills the ;KU.n 1wa"··i ng boxes ar•d dips tlw 

\'licks there. All greas e cups are t u r ne d or1 1.n1t i J sorw rr<=>smn•._, i.s fe J t , 

Water in t he eccentric s trap cool il:0 tray~ i s rep] .-.:·n i shod and the 

water/oiJ. emulsion in t be cros shead gu.ide traJs chech?Ll. I t rm.st be li}(e 

cream. If it is too thick water i s squirted i.n. If too water:r, oi 1 .is 

'squirted in. 'Nhen running ahead, only t>e a:hee.d gvi;).f' e1r.UJ2ion rerr.tire~; 

main tenance. 

Piston and valve rods are swabbed wi t h cy:in cler oil i r' t.hsy are (lry . 

If they appear blue and are lacb .ng a "re t o ily f.i ln~ t.le:; are dry and 

overheating. If serious, tbis concli.tion i s called 11hot roc:s u , The,\' nn.'st he 

swabbed w;it.h cylinder oil but if overheating st.ill occur,-;, t,.e eJand mny 

be slackened. 

Bent or misaligned p i ston rods will als0 1 ea(~ t o 11rwt :rGds " . 

The auxil i aries mu.st also be oi h :d and lubric8.tor::; r:ruF:_t be h1rn•2d. 
-Leaky glands are tie;htened but no t overly s o . Ex:eess i ve _pr es::;ure j11 

glands will c&1se the moving rod to become h0l
1 

2cor ed and worn. ,- I -,{ 
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4. 2 ENGINEERIJJ(~ UNDER/JAY 

Gla nds are t ie:htened a l i ttle bit more t han " .fin::;er t.i gltt" . If leab.'lt~e 

persis t s either the packing ha s h a rdened and r eqn i res repl;:wpuent or 

misalignment has occurred. 

To repla ce pack i ne t he macl1 iner~' must he stopped, tlte p la'Jd 

dismantl~d a nd the o ld packinG pu] l ed cnxt wi th >'li r e " cGrb-;crews " caJJed 

packinr; extrac tors . New packinc :Ls cut in Tin1~s eq_1.,eJ. tn the d.rCl.1l1'fercnef: 

o f t he :roc minus a small bu t t clearance. ( see sk:::tcb 4 .2.). E:nouc_h ri.n;s 

a nd graphi t8 c,rease t o fill t h8 stuffing box ar~ il1serted with trw 1-'t1tts 

_set out of line t o each other.( s e e E:ketch 4.8) . The c 1a:rJJ i.s then 

tigh tene d _just over f i nger t ieht and the machi ne:c~r s te:ch:;d. 'rh~' gl;!.n d 

inay then be . ad jus ted llntil sligl1t 1ea .. ka.ce i.s oh~·3ei'\TE:cJ. 

As t he b .i_Jge s are rmmpe d by t he nain enc:ineJ <>.1.1 t 11at needs doini: 

here i s to c heck t ha t tb:~ pumps are wcr bnt_: . Bile!:;; fil.l .fl'mn 1esY;o· irt 

g land.::, c ondens a t i on and dra ins. 

':lhe n not under way t he bilge s , if full~ ntus t be "f>Lm:'c-cl 1•y tlH' z.t-';le ral 

s ervice pump . 

and why t hey oc cur . New noises must he loca.ted rei: r_;• p.}i~ d if r1ec.:c·ssar;· . 

11 FOR GEFUI' S" ma in engi ne ha d dew;l oi>Ad ::-,_ ~:light; lmoc,l: ""-~~c: ti,c s .=<::~·Pe.T ed 

t o come f r om t'he I.P . I)iston valve. It ·was no t ;-_:cri ou::: ))-,_ , -;; :i '' Ji. •'Cl':; en~~d, 

it wo1.1ld l1a ve t o be opened f or j nspecUon . 

min11 te s ~ the I J. P . dJ'?a i ns t~nen t he I . J) . mnr-; t "f..>·~ 

water ou t. 

For larger·!, tempora ry stops the J! .P • . ]r;,in;~ a:ce ;,:J. s c· o=•or:.ed , the 'eire ' 

and feed p11mps ar e slowed. and. s t eain t.o the feed :Cteatf·l"' red1;ced~ 

Te legraph orders may v a ry from what ac t ·,,ally is on thP L:ce . 

"FULL .il..S TERl'~" means h:ieh rev ol u t i ons Lltl t no cve:!:'E= tra j_r. i s i:-rpoS E' (t . 1ln t 

" F'ULL ASTEHE" rnne t wice Js orderine a cra.sh C'to~> e.nc1 t )·i'? 8':~. : t:.e i~: r1.:.n 

at max:i.rnum r evolu tions with t he t hrottle c,~';en N] de . h.s t l:e }:<rore ll e:r draVff~ 

a ir down when running a s tern , its e ff ic:iency :i. ~' ch~creas•""d <'-?Jcl the r.:>atn 

enc: ine will turn at very h ie;h revol u tions , -,,;] tl.t c..:msec;_uer't i nc rect.80 in 

i nertial l oads. 

The e ne:ine _will race, a~1d tl·· e eneineer rnnst clo:.:e t he -throt-':;le t c lH:~l .J 

hack r evolu tions. 

Vihen the telee;r aph order "J!'IHIS JT.Ji,IJ '.".'JT.t ; ~:· ·;rn·~~; " is rttrtc"! , the ·plar:t is 

s hut down . 
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~ l • 2 };NGINEERI NG lTNJlF.:R.V:AY 

D::-ain s arP. "J1'='nr~ d ai;d the 'eire' pump and sea injection valve;:~ e,re 

shut. All.Xil ia:r·y exhausts are switched to atmosphere. The boilers are 

pum; ,ed UJJ to ab " ·.lt ?· of ct. t,lass with water from t he aft peak tank. 

Bil,-' es way ner:od t o be pumped by the general servi.QE; pump. 

AJ.l water tank lines are shut and all oil wicks are removed from 

oil t ube s . 

T:.1e .::;ene2: a t.i Dcf enci ne j ::: shut down and the gauge glass cocks are 

sb .. t. This is done so that if 5a uge elass brealmee occurs , water will 

not be lost from t ie boiler . 

The steam valves on top of the boilers are shut tight and the 

ship may tbe1: lJe l ocked up. 

,; 
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