TUG _DESIGI

F. WESTHORP
F.R.I.N.A. ; A.S.T.C.

Bearing in mind that you gentlemen listening
are all professionally engaced in the design and con-
struction of ships, I do not propose to weary you by
reveating matters of common shipbuilding knowledge.
flor do I propose to try and teach you Naval Architecture
It ie my intention to discuss in fairly general terms
matters which contrubute to the making of a good tus -
to deal rather with the philosonhy ol the design than
with the actual design pfocess, with the intent that, if
fyoﬁ are called upon tovact in the generation of a set of
recuirements for s new tug, this vpaper may, perhaps, be
of some assistance to you. It is in this hope that it

is offered for your consideration.

T+ must be appreciated that much of the raterial
which I vnroposed to put before wou 1is geneiwi in its
apnlication %o all types of tugs - it will be necesSary
for you to keep this in mind as I do not propose to make
the vaper unduly long by repetition. _

Caldwell, in his book on tug design o@ens with the
observation that "The function of evefy tug is to tow" and
sisht of this feature is frequently lost during the pfocess
of stating basic design parameters. This stateméntfiorms an

excellent point of departure for our discussion.
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Since tugs are required to perform their function

under widely varying circumstances these may be used as a
basis of classificetion of types - and we shall see the effect
of these varying circumstsances upon overall design as we

proceed. fu~s, then, fall into three main classes:-

(1) Harbour Tugs.
(2) Coastal and Lstuary Turs.
(%) Ocean Going ugs.

It must be remembered that the term "Tug" includes
a “pusher type vessel,” and these are now coming very much into
prominence throughout the world. Hence to each of our three
main tynes we may add sub types
(a) "Pulling” and (b) *Pushing” .

In addition to these basic nerformance classes, tuzs
are frequently required to fulfil one or more of three other

tasks - these are

(£) iire-ffighting.
(s) Salvage.
(w) Water carrying.

We shall dicuss these points later.

There are some basic features common to all tugs which
may be discussed at the outset, before considering our various
types in detail.

The nature of a tug's duties bring her into close oroximity
with other ships and marine structures at frequent intervals.
I+t follows that contact, and sometimes violent contact, is
inevitable. The tug must, therefore, be sufficiently strong
b- th generally and locally to accept this punishment over long
neriods of time, but yet not so strong that she invariably does

more damage than she sustains. Good fendering is essential all

/3. rTound.
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3.
round, and, in addition, everything above main deck level must
be civen a good "tumble home" to avoid contact with flaring
bows and must be apnlied not only to bulwarks, but also to such
items as deckhouse, lifeboats and yardarms. Omission c¢f this
feature is one of the prime céuses of repair vbills,

The.duties of nulling ﬁuﬁs, even in quiét harbours,
lay them open to the possibility of heing ~irthed by their own
towlines, or being pulled bodily sideways thrbugh the water.
This brings forward two requirements - first the ability to let
~0 the towline under any forseable corditions, and secondly
the provision of sufficient stability to withstand this tyve of
treatment. |

I have recently been concerned with details of the

stability of a particular fishing trawler. The sections are |
shown in this slide, and from thesé the data presented in the
next few slides has been calculated. This is typical of hany
classes of ship. _ | |

Ih all these diagrams the point "S" is .15 feet
above the keel,'and is on No.4 w.l.‘ Wateflines are numbered
from below and spread 1'0" aparf. Ail angles of heel are sct
with point § as centre in the usual manner when dealing with
integrator work.

It may not be generally appreciated that the act of
heeling a ship imposes quite large stresses throughout the
hull, quite apért from the obvious loading imposed by the tow-
hook in the caie of a tug. When & ship is uprightbthe hull is
menerslly fairly free from stresses due to stability, but once 3
it begins to heel this is no longer the case, and the greater
the angle of heel, the greater fhe imposed stresses. fbrther,
as angles of heel indrease, the stablity of various sectiong in

the length of the hull undergoes marked changes ~ some sections

/4.
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increase in stiffness while otheré become completely unst-ble,
thus subjecting the hull to severe racking forces,

Changes in the erth of immersion of any section also
cavsee the stability of tﬂat section to change markedly ~ hence
the effect of waves, will tend to impose racking forqes also,
quite apart from those forces induced by vabiations‘in dispiace—
ment, along the hhll, an& from wave impact.

In thinking about this, remember that a.stiff shiv
remaining’fairly upright 'in a seaway, is subjected to similar
heelings effects as wavesistrike’upon one side, so that the
water surface becomes inclined with respect to the centrelines
cf the ship, even thou gh the shivy may roll verv little.

In any vessel 1ﬁtended to operate in close proximity
to others - manoeuvrabillty at all speeds both going ahead and
astern, is of vital importance, A tug must be capable of main-
taining control when cau&ht close in under the stern of a nowerful
ghip and qurrbunded by that ship's propeller race; or when bauﬁht
in the bow wave and thrown round So thet she- tends to eross the
now of the vessel being éttended. uuch mltuatlons_are common—
nlace in harbour~work whén pickingvup towlines from fast moving
ships. ©She nmust be capable of turﬁing guite rabidlyIWith full
tow rope force on the h0¢k and this force may be imvosed in
almost any direction 1nclud1n vertically = rememoer thau the tug
may be being hulled bodlly - rather than nullln

It is vital to the operation of all tugs that the
weather Jdeck rails should be clear all fore and aft, Deckhouses
extending to the ships side, awning stanchions, boat_davits on
bulwarks - shrouds and stays to masts ~ these things are
anathema tb tuemen. It is most diffiéult (and cah be downright
dangerous) to have to pass a heavy towline éround~such obstruct~

ions. ko tug other than an ocean g01ng type should be fitted
/5. with.
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with a raised forecastle unless operational réQuirements denend
it. Caprrying a heavy towline up or down a ladder can be
difficult even when the tugr is not rélling in a seaway - and it
elows down the job of gettiné the'line on. the hook,

Finelly, before procedding to deal with various tug
types - a few words on reéistonce and propulsion.

The question of the speed and power of ships is one
upon which many volumes have heen written. It is a most
difficult esubject, and far too complex for us to study in
detail tonight. Let it be sufficient to say that every ship
makes 5 separate wave systems around the hull, each of which has
a definite area of origin in the length of the vessel. As the
ship's speed is increased the wavelength of each system increases

. , ) 2
at the same rate, so that the wavelength is always128 (v veing

the ship's speed in knots). It follows that at sOm; speeds the
creat of ohe wéve system must coincide with the crest of the
next, and at ﬁther speeds the crest of one must_coin¢ide with
the hollow of the nexf. The total height of the resultant wave
system is the vectorial sum of eaqh component, measured either
ahove or below the still water surface line.

Now the kinetic energy of a wave sysfém?varies directly
ag the product of the length of the wave and the Square of the
height, and in a wave system created by a ship the wave train
energy comes directly from the ship's passage - i.e. from the
engines. It follows then that thisvcomponent of resistance does
not increase regularly with speed, but vroduces an undulating
series of increasing values which are dependent upon the speed
of the ship and the positioning of the roints of origin of the
various wave sysfemsvrelative to each other. If we know the

desired shiv speed it is possible to determine an overall length

/6. and the
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and the distribution of the arcas of wave system origins which
will produce minimum resistance at thal speed. Unfortunately
this confipuration will not produce minimum resistance at all
aneeds below the desighed seed, for the reagsons outlined above.
Underlying this undulating pattern of wave making resistince
there is a fairly uniforhly increasing pattern of skin friction
resistance as speed is iﬁcreased. This component of resistance
depends upon the'wetted surface of the hull as well as the speed.

Prom the foregoing it is seen that resistance (and
“hence the power demanded for propulsion) varies in its rote of
increase as speed is increased, Bxperience shows that this
variation is from a rateiproportional to about V2 at moderate
speeds, to about V2 at high sveeds.,

The propeller ié, without doubt, the most important
component’ of any tug. No matter how good  the hﬁll form, o
matter how efficient the main engines, a bad propeller can
utterly ruin the vessel's performance. o

The cost of obtaihing a g .od quality finish on a propeller
is quite high, but it will be repaid many fold during the life

of the vessel.

The International Standards Orsganisution has produced a
stand:rd No.R484, relating to the finish of propellers. No tug
should be fitted with a propeller of less than Class 1 Standard.
Remember always that the overall propulsive efficiency varies
directly with the efficiency of the propeller. Thus a vessel
fitted with a diesel engine having a brake thefmal efficiency of
35% and a shaft efficiency of 97% will have an overall propulsive
efficiency of 17% if the vropeller efficiency behind the ship is
50%, and this will rise to 23.8% if the vropeller efficiency is

70%. This represents a saving of 40% in fuel costs.

/7.
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Now the v-rious factors which principally detract
from the efficiency of a propeller are —'thick blade sections,
variztions of pitch across each blade and between blades at the
seme radius and surface finish. A propeller offered on one
occasion ar a "very high class job" had pitch variation of
17% acfoss one blade at constant radius, which meant that one
part of the blade section was trying to race its following parts
by 1% knots in every 10. The other blades weré nearly as bhad.
The propeller was returned to the manufacturer with thanks.

Surface finish has a much greater effect than one may
imagine. In his classical text book Taylor states that at 20%
slip ratio one propeller lost_17.5% efficiency when its-surface
was coated with paint which was "stippled" while wet. 1In tﬁe
same reference he shows that at 20% slip the éfficiency of a
particular bronze screw "as cast" was about 62% while the
same screw polished. and made as smooth as possible returned an
efficiency under test of 71% - a 9% improvement; This again
représents 9% saving in fuel costs. Consider a tug using 1000 HP
for 6 hour/day and 200 day/year (or 13.7% usage). The fuel
consumption is usually found to be 0,37 1b/BHP/hr for propulsion.
only. The annual fuel consumption then would be 444,0001bs.
A 9% saving in fuel represents about 38,9801bs of'fuel.(or 17.8
tons) saved durins the year which also improves the environment
due to recduction of exhaust emission. With the current cost of
diesel fuel at about $35 per ton, the annual saving in money is
2622 and this will surelylpay for polishing the propeller and
keeping it polished. Give a propeller a life of 20 years and
the saving becomes $12,440! This will pay for the proveller,

and leave a handsome profit as well.

/8.
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A form of propeller which is °omet1mes used is the
cycloidal prepeller. These are charscterised by a series of
actuated vertical vanes set around the periphery of a rotating
disc. During each revolution of the carrying dise eaeh.vene is’
caused to rotafe by a system of adjustable cranks and levers so
that its thrust fofce is constantly expended invahyvdesired
direction. | |

mxperlence proves veseels 50 fltted are extremely
manoeuvrable, very quick to start and stop, and since full
propeller thrust is available through out 360° they turn
quickly and can travel sideways if desired. They have a most
useful'partvto vlay in areas where narrow or confined docks need
to be traversed ~ e.g. London - but are not so frequently used
for deezﬁzork. In Caneda, Rew Zealand and Continental ports.
there are a number of thésé’vesSels. ‘Expefienee indicates
that they are very'ﬁseful.as "steering tugs”, but‘thevheedline»
is almost always handled by a vessel with a conventional type
nropeller, » _ _

Inba‘very»few ‘places paddle tugs are etill used - the
paddle wheel is quite efflclent and, for calm water, particularly
if it is shallow, is worth some cons1derat10n. Paddle wheels are,
generally, less easilv fouled by submerged obgects such as. snags
than are screw propellers. Due to the spread of side paddle wheels
they provide excellent low speed steerlng capabllities, much -
better than normal twin screws.

We are now in a position to talk,aboﬁtAvarieue t&pes
of tugsi- , |

(1) | Harbour Tugs.

(a) Pulllng type.
These should be the 81mplest type of craft, They are

always handy to a repai® establishment - hence the provision

/90A0f ¢
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of a great host of spare gear ie not necessary.’ They only nend
“to carry one watch - at any time - so no sleeping accommodatlon
should be required. | | B

Cooking and messing facilities can be reduced to the
absolute minimum -~ a small gas stove and a small 2 to 3 cubic
foot refrigerator should suffice. One messroom for ell the ,
crewAis common practice, and here the crew can relax between jobs.
The master can do all the necessary vaper work in the bridge.
Only a small bunker capacity is needed. A

However, there are other considerations, Pirstly that
of speed. DMost harbour tugs ere not required tb travei very
long distances. In 10 nautical miles.the saving in elapsed time
for a voyage is 10 minutee ifASpeed.ie'increaéed froﬁ 10 %o
12 knotev' It is not economic to force the snip up to high
speeds, but much is to be galned b:r operatlng at or oelow the
economic speed for,the hull-length; The quesﬁion of}Water depth
plays a most ihpnftant Dertin’thiS'consideratibh_~_fhe following

data is fairly representative

Length of tug on vf; .Economié Speed Dlsplacement Depth of water

o _ o ' ~in £t. required
Waterline = . in deep water - (approx) = for écomomic speec

. , o IR : - - without power
40 feet o o 7 Té2 knots . 42 tons. wastage.
| ST e 60 feet.

60 - - 8.8 A3 86
80 SR 10,0 298 114
100 o M3 5% 143
120 o 12 800 172

Erom the above table the follow1ng points emerge. firstly
that economiec speed is dlctated by length of hull and is about
1.13 /"Z where L is the waterline length ‘and second that the.
water devth requlred for operatlon W1thout power wastave increases'

rapldly with size of vescel and speed
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Aﬁ increase of two knots in the sneed of a 100ft. tug from 11.3
to 13.3.knets in deen water may well reguire an increase in
exnended power of up to 60%. Now there are not many harbours

in Australia with depths much over 30 feet in the averaze, and
i» this depth of water-a 100'-0" tug operasting at pcwer for

the deep water'economical sneed of 11.3 kr-ots will suffer a
speed loss of about 0.3 knots, being reduced to 11knots, and this
represents a power wastace of over T%. I1f operated at pover for
a derp water pend of 13.3 krots the speed loss in 30 feet of
water would be in the order of 0.6 knots, reduecing .speed to 12.7
kots, representing a nower wastage of over 12%%.

. Prom this arcument it follows. that the size and nower
of tugs'shoﬁld ve dictated, not primarily by speed requirements
but by the pull required to handle the ships wﬁich frequent
the h rbour in guestion, and the nreva111np weather conditions,
In a harbour shlps do not often go ashore, and, generally speaking
tugs of‘moderate pull;ng power are adequate, The tugs are not
required to move the ehipevet high speeds - the general'duty being
to assist them into and out of their berths and ¢ aid:them
in swingiﬁg in narrow waterways, kAt loﬁ‘epeeds - i.e., wider 3
knots, the water resistance of quite larse SPIDS is veryrsmall
the nrlnclwle cause of resistance being w1ndage. The resistance
of a shiv to wlndage may be exvressed as O, 004Bi_zz_ tons, in

2-x 2240
wrich 3 is the.beam, in feet, of the shlp to be towed and Vw

-

is the wind’velocity in knots. Hence in a nort frequented by
ships having a beam of 100ft and in which w1nd ve1001t1es of say

50 knots ma: be expected, the w1nd res1stanee-ofesuch a ship
2 .2

would be 0,004 x 200 X 50
' x 2240

port should be desifned with this as a basic parameter.

= 22,35 tons, and the tugs in such a

Depending upon the tyve of tug designed, the expected
/11. bollard.
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bolla rd pull may range from 1 ton per 100 bhp to 2 tons ver
100 bhp: Hence to produce a static pull of 20 tons the tug
would need between 1000 and 2000 bhp installed.

It <ow remains to see how the maximum pull may be
ootained from any given power nlant.

In the first place it must be recognised that this pull
is to be exerted at or near zero speed of advance. The most
inmportant feature of the underwater hull form ies that it should
nermit the maximum nossible flow of water in straight paraliel strea
lines into the nropeller disc. The nroveller disc should be of
the maximum nracticable diameter, since this leads to the
oreatest oull per bhp.

Since, as mentioned ecrlier, sneed should not be a
determining factor in this design, the propeller should be cesigned
nurely as a "towing propeller".

Three possible variations enter our thinking at thi

[0}

point - one: whether to use a fixed pnitch or a controlled »itch
oropeller: - two: whether to use an ope: »ropeller, or one
onerating in a »ronulsion nozzle, and three: whether to use

a multinle rudder system or a single rudder.

So far as controllable vs. fixed pitch propellers are
concerned - the controllable pitch vpropeller is rather more
exnensive, esvecially when the cost of hollow shafting, hydraulic
pumps, o0il injection bcxes and remote control gear is taken
into account. Such propellers have a boss of greater dia. than
a comparable fixed pitch proveller, and large bosses are
detrimental to efficiency. However, the fixed vitch proneller
can omly be dericned to produce maximum efficiercy under one
set of co:rditions, and losses occur at all other conditions.
The cortrollable pitch propeller will vprcduce thrust at nesrer

to ortimum efficiency over a greater ranze of operational co:ditions
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The sreatest arzument in frvour of the CP propeller is that the
tug is very seldom required to produce its maximum pull -

hence a fix=d pitch propeller very seldom operates under ideal
conditions. The desimm efficiency of a fixed pitch propeller

is higher than a CI’ oropelier but, generally, the CP proveller
will nroduce better results becanse derigned conditions for the
fixed piteh nropeller are so seldom realised in vractice heveas
the P propeller can be adjusted, within limits, to oper=zte

more ne..rly at optimum pitch.

The quection of the »ropulsion nozzle is rather more
clear cut, This device will cause an increase of static bollard
pull - which may be of the order of 40-50% but again this can
only be achieved under one set of conditions. Since steed should
not be a factor in this type of ship, the nozzle can be a pure
Boukl type" - it will add to bollard pull but will detract from
sveed. It is considered by some tug operators that a oroneller
in a nozzle is more nrone to damaze from float ing timber -
others as hotly deny this arsument. The rozzle may be either
fixed or rotating about a vertical axis, in which latter cose
it acts as a very powérful rudder (no other being fitted) while
in the former csose it tends to detract from steering qualities.
vince blade tip clezrnaces must be kept very small, errors of -
mgnufacture cannot be tolerated and exvensive jig work is
required. Wear in the bearings of a cteering type nozzle
can result in onlade tip fouling of the ring. Propeller
accessibility is reduced - hence repairs and surveys temnd to be
more exvensive.

The hicher bollard pull aveilable means a reduction
in installed hbresnower, and, generslly, a smaller dia. proneller
both of which savings can be offset azainst the first cost of the
nozzle. “he savings in engine and proveller vrices seldonm

/13. equal
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equal the cost of the nozzle however.
The use of multiple rudders has something to commend
it. These are usually installed in conjuction with a fized

prooulsion nozzle. Sometimes a number of rudders are installed

absaft the rnozzle and sometimes, in addition to these,~othérs are
instslled, on either side of the oropeller shaft, forward of the
nozzle. In either case, the manoceuvering qualities of the tug
are improved, and in the latter case, the manoceuverability of the
tus going astern is really something to behold. The normal
sinsle gingle screw oven propeller type tug will very seldom
steer when running astern and usually goes into a eircle which
nothing short ef a "kick ahead” with the main engine will Lreaks.
With "shutter" rudders ahead of the nozzle, a figure of 8
manoceuver while going astern in confined wa‘-ers is an everydzy
occurence. Since the multiple blades are smallér, and rudder
head torgues may be balanced one against the other, a much smaller
steering gear may be fitted than in the care of a single rudder -
but there are a number of rudder head links which add to the cost,
complexity and maintenance of the system., Some owners add that
they also add to the vossibility of mechanical failure since all
rudders o-erate off one "master" rudder stock.

The final point requiring decision is "single or twin
screw”. Single screw should take preference under mos?t circum—'
stances. There are less moving parts - single screws are more
efficient than fwin screws - there is less possibility of "air
drawing™ or of damage - fewer engine room personnel are required
and the added reliability of having two engines is not really
necessary. The total power to be installed generally can be
delivered by one engine and accommodated by one propeller, Initial

costs, maintenance costs, survey costs, manning and fuel costs /
14.
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are all usually lower. The only cases for tw1n screws is that
of contlnuous shallow water operation, or where high
manoeuvrability is required.
At this stace we are in a position to state our prinicpal
design parameters in regard to boilard pull, engine vower,
number of screws, open propeller or propulsion ﬁozzles, fixed
or steering nozzle single or multiple rudders, buhker capacity,
and are ready to investigate the question of mannine in detail.
Under the provisions of an.Order‘inicouncil ﬁade under
the Navigation Act, tugs are exempt from determinatioh by the
Hanning Committee - hence the manning becomesia question of
individual consideration and compromise betweeh tug owners and -
maritime unions., Condltions vary from vort to port and so it
is 1mp0851ble to be precise at thls guncture. It is wise,
therefore, to pet the question of manning settled early, as 1t
may he next to impossible to. add extra accommodation to a comnleted
vessel, and no-one whishes to budld in unnecessary cabins.
Harbour tugs, generally, run with a crew of 5 or 6 men- Master,
Engineer, and greaser always belnq carrled, and elther a Mete
and 1 deckhand or no Mate and two deckhands, In two ports a
cook is also reoulred but since the vessel O)erates as a day
job, this is not really necessary 1n the view of the tua operatorse
Clearly, the manoeuverlng of the maln enplne should be
left to the Maeter, but startlng and stopplng of the main engine
stould be an "enﬂlne room“ furction - so that the En01neer is
compelled to see the machlnery before startlng up =~ this can
- avoid costly mistakes, He is also compelled to- be nresent at
skut down - so thit the machinery should be Drooerly cared for.
So far ss Navigational alds,areeconcerned ~ a good compass
is a must - preferably situated on the wheelhouse top with a

periscope-type reading tube into the whee]hbu8e‘ - radar may be
/15. £itted.
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fitted if the port is subjected to fogSaand~very little else
is necessary. Echo sounders, radio direction finders etc. are
comnletely out of place in this type,of craft. The wheelhouse
should be small but with excellent visibility all round =snd
ventilated to prevent fogging of windows. Kent clear view screqns»
are not usually required - a single window wiper suffices. !
Remember that the»best clear view screen is an open window,
The.deck arrangement should e such as to give the tuy
the nreatest possible versatility. The towhook is usually placed
falrly close to the centre of flotaulon - ig0u. anout A%L abvaft
amidshivs. These tugs seldom have elther a tow1ng bollard or a
towing winch. There should always .be a bollard rlght at the bow
so that the tug may be used for steerlng purposes. There should
be a bollard on each shoulder forwardrand one amldships,on each
side. With the-~e the tug may be "lashed upn" alonpslde the vessel
towed and used to help in steerlng or to glve elther headwaf or
sternway to the tow. Thls is a very common method of river and
harbour towaze for vessels with comparatlvely low: freboardu.
There should be a bollard on either quqrter aft and/or a gog
bollard on the centreline from which a strop may be ‘passed around

the towline to- pfevent it runnlng off over the 81de. All uollards

should be of cru01form type or should be fltted wmth most
substantial “kevils.

The anchor windlaes,fOrward usually has at least one
warping drum, and a capstan is instelled aft to aid in getting
heavy lines on Board. It is desirable to fit’a,three reller'
fairlead at the stern for use with the‘capsten and thié is generally
set down into the bulwark with a portaole section of rail over it. |
This arrangement was illustrated in the slide show1ng the stern
of the "Castle Cove ", Two melgoggers at the quarters prevent

the towwire from runnlng off over the side whlle being streamed -

/154
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and these are either poptable or retractable.

A series (usually either 2 or 3) of towbows or "horses"
are used to keep the towline clear of the deck, and all sounding -
and air pipes, fuel fillings pipes, fire hose connections etc.
should be tucked in under the bulwark wheré they will‘nqt foul
the tow line if it should break or be cast looée.

Within the engine room the'plant should be reduced o
the abosluﬁe minimum -'main engine and ¢esrbox, this latter fitied
with a shaft brake for quick manocevering, and with the enine
throttle and reverse mechanism 1nterlocked so that stalling
is prevnnted while clutch wear is kept low, these are escentials.
Automatic lubriacting of all machinery is dgsirable so that the
greaser may be employed as a "day-man" only. Engine and gearbox
ancilliaries, fresh and salt water circulafing pumps}.lub oil
pumps and %he:iiké, should be driven by the'plaﬁt they éerve.

It is sometimes arranged that-steering:gear pﬁmps_are driven off
the main shaft - But this is not'a good}feature,ffom'séferal
asnects.;-The added expense of separately. driven puﬁps is well
worth incurring, | ! B ' ‘7 7 |

Since.the vesse1 operatés inia harbdur the fifting of
evaporators, oily water separ:-tors etc, is not necesSéry. A
small sludgé tank and dirty oil pump disChargihg to a whérf
connection is sufficient. There are very heavy penalties for
discharging or- spllllng oil into nav1gable waters.

The enginafroom plant then, copslqts of the follow1 ng
items:~ haln engine, gearbox, shaft Drake, shaftlng and bearings
with tachometer generator, Aux1l;ary engine-w1th electrlc
generator and either air compressor or pump, Cluich cOupléd.

Pwo sets may be~ fitted if thought necessary. ' Two air compIressors ,
one must be operable under "dezd ship" conditions - usually driven

oy a small diesel - discharging to two air receivers. /
' ‘ 16.
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Bilge vpump, General Service and fire pump (about 70% of bilge
pump cavacity), doublesrags emergency bilge pump and acts as
ballast pump. Sterring gear pumps (2), lub oil filters ~ duplex,
Dirty oil pump, Main switchboard, BE.R. Alarm panel, Spark.arrester
type silencers, Remote operated skylighte (no glass).

One firal point -~ the ventilation to all engihe rooms
should be such that 150% of the air requirement of all "air
breathing" machinery is available under "fully battened down"
conditioné;

Failure to attend to this item can result in death to the
engine room crew, due to partial evacuation of the engine room
air by turbo-charger suction if insuffieient ventilation is
available.r Lack of,sufficient ventilation ean cause machinery to
starve - hence,to lose pover - aS'well as causing the engine room
to become overheated - once anain resultlng in a serious vower
loss which may be sufflcient ‘to cause the vessel to fail to meet
contrzct regquirements.

1P the‘vessel»is;required to carry oﬁt'firefighting-'
or water carrying duties ;dditional pumps will be necessary for
these s rvices, and, in additioh,.for-firefighting duties, a
foam tank with suiteble foam proportioning equipment will be
required to handle oil fires. Foam compound is very eofrosige*
andsvecial care is necessery‘in constructing tanks to contain
it. Preseure/vacuum relief valvas are esseétial and tonks are
frequently lined with G.R.P. materials, Foam/water monitors should
be installed above brldne level and hose pointg on the main deck.
Hoses should also be connected to both water and,foam,systems.
Hose holders, bulwark mounted, are very desirable.

If poteble water is to be carried for sale, the system
should be comﬁletely independent of all other ?iping systems on

board, 80 as to avoid possible contamination. If large nore hése
/18,
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for discharge to other vesrels is required a small derrick or
crane is necessary to handle this, and it should be mounted
forward 6f the tow hook..

Lifeboats are notifitted to harbour tugs, liferafts
being substituted, but lifebuoys and 1if9jackets are still'
required. In ports where 0il strrage areas exist it is wise
to do away with the "Holmes" light én 1ifebuoys and substitute
an electriecally operated light which will not ignite oil on the
water, nor will it burn the man using the gear, whichzagjrotechnic
type light may do; _ '

We are now readyrto probeed té the detﬂrmination of
.-dimensions. Analy31s of a large number of tuys - diesel nowered-k
shows that their proportions lie generally w1th1n the shaded
areas shown, and this will enable a preliminary set of dimensions
and displaéement 4o be taken out to suit a~require& pull.
Obviously one'must}not hove to beat all records if a pull (say)
of 30 tons is desired from & minimum size of tug then the ‘bub
must be about 92'—0" in waterline length and will need not less
than 1500 installed SHP, this being measured at the gearbox out=-
put coupling NOT AT THE ENGINE | . '

Gearboxes may be reckoned to have an efflcieney of about 0.95 hence
the engine pOwer would need to be a minimum of 1580 BEP. Since
we are looking for maximum output we must provide a generous hull
capacity, so we may expect a displacement of about 450 tons, tne

-(353 ratio being 5'77

" Similarly the L/B ratio must be about 3 50 giving the
vessel a beam of 26.3 feet and B/d ratio will be:gbout 2.1, hence
the moulded draft would be 12.5 feet. Tugs are usually assigned
loadlines very close to 0.85D so we could reasonably assume a
moulded depth of about 14.75 feet. These proportions will produce

| '/19. a block.
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a block coefficient of 0.52." A prismatic coefficient of 0.6 used
with the previously determined dimensions would give a midship
section coefficient of 0,87 so producing a subﬁerged midship
section area of 236 sq. feet, | |

A check on weights of steel, outfit and machinery will
show how much displacement ié left to accommodate fuel, stores,
crew and ballast. Ballast (in the form of water) is most useful
as the vessei needs to take advantage of the kinetic energy
equation.E=%mv2 ﬁhen working. Since speeds will be low, mass must
be high. ,

The principal point now to be settled is propeller
diameter. The loading of a screw cannot be.éarried far beyond
0.25 to 0.26 ton/sq. foot of disc area, hence, for this tug at
30 tons pull a disc area of 120 sq. ft., is necessary - 80 the
propeller diameter must be 12.35 feet. Add to thls a minimum of
3% clearance at the blade bottom tips, and arrange to keep the
upper tips nicely below water by making the draft aft about 1.2 x
prop diameter and we have a draft aft of 14.8'. We now have a
rake of keel of 2(14.8 -~ 12.50) = 4.6£ft., and a centre line of
shaft fixed at %(12 35)+3“+th1ckness of sole piece and proportlon
of rake of keel above the maximum draft. The propeller post will
usually be gbout 1/10L from‘aft, S0 Wwe may set the a&ntreline of
shaft at 6.17T' + 0.25' + 0.33" + 0.46 = T.21" (say 7'3") above the
maximum draft line.

The depth of the bottom tanks is determined by the
required fuel capacity, and it has been found_most undesirable
to continue these tanks across the centreline under the engine.
It is usual to make the engine girders the»oiltight $ank boundary
leaving a clear well between girders for the engine sump. The

height of floors across the centreline may be determined from

/20, Classificatic




a block coefficient‘of 0.52. A prismatic coefficient of 0.6 used
with the previously determined dimensions would give a midship
section coefficient of 0?87 so producing a submerged midship .
section area of 236 sq. feet. | o

A check on weights of steel, outfit and machinery will
show how muéh displacement iérleft to acc&mmodate fuel, stores,
crew and ballast. Ballaét (in the form of water) is most useful
as the vessei needs to take advantage of the kinetic energy
equation.E:-;vl-mv2 when working. Since speeds will be low, mass must
be high.

The principal point now to be settled is propeller
diameter. The loading of a screw cannot be carried far beyond
0.25 to 0.26 ton/sq. foot of disc area, hence, for this tug at
30 tons pull a disc area of 1Zb sq. ft., is necessary — so the
propeller diameter must be 12.35 feet. Add to this a minimum of
3" clearance at the blade bottom tips, and arrange to keep the
upper tips nicely below water by makihg;the draft aft about 1.2 x
prop diameter and we have a draft aft of 14.8'. We now have a
rake of keel of 2(14.8 = 12.50) = 4.6£t., and a centre line of
shaft fixed at %(12.35)+3"+thickness of sole piéce and proportion
of rake of keel above the maximum draft. The propeller post will
usually be gbout 1/10L from aft, so we may set the aentreline of
shaft at 6.17' + 0.25' + 0.33" + 0,46 = 7.21" (say 7'3") above the
meximm draft line, | |

The depth of the bottom tanks is determined by the
required fuel capacity,'and it has been fouhd_moét undesirable
to continue these tanks across the céntreline under the engine.
I+ is usual to make the engine girders the oiltight tank boundary
leaving a clear well between girders for the engine,sump., The

height of floors across the centreline may be determined from
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Classification Society rules, and this height, togéther with
the height of the engine crankshaft centreline asbove the gearbox
sump plus a clearance of about 3" will determine the run of the
propeller shafting.

| The longitudinal disposition of the displacement may
be made in the usual manner indicated in this figure, with which 1
am sure you are all familiar.

Pusher tugs, known in America as "Towboats" are rather
different in appearances They are interided to form the rearmost

unit of a close coupled tug/barge train, and do not have a normal
"ship shaped® forward end. This end is usually quite blunt and
square and bscause the mid-section area is carried right forward
the tug is short, and some are Very short in fact. The wheelhouse
is situated rlght forward with only a very narrow walkway forward
of 1t, S0 that mooring operations to the barge may be carried out.
The ob;ect of the exercise here is to:.make - the tug and barge act
as aone hydrodynamic umit, s0 they must be designed together.

Characteristic of these vessels is a ragher high, very
strong tower at the port and starboard forward corners - and these
act in the same manner as the overriders on the fenders of a caT.
These vessels do not have a towhook.

When rumning free between jobs these pusher tugs are
most ungainly and are quite inefficient, but they are not designed
to run free for any distence. They are in fact, little more than
a floating and removable engine room. It is usual to design these
vessels for a specific duty, and they frequently have a number
of barge trains for each pusher tug, s0 that whlle one set is in
transit another is discharging and a thi:d is'lqading. 'Thé

machinery is thus used %o the maximum practicable extent.

/21 Push.
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Push tugs have virually no sheer forward, and véry little
aft, Their freeboard is determined by the design of the barges
they handle and the necessity for good vision in all directions.
Those which handle large barges have quite pbwerful winches on
the corners of the foredeck so that they may bé hove up tightly to
the barges. _ _.

| Where very high barges, or very long barge trains
have to be handled it is somgtimes found expedient to £it thece
towboats with elevating wheelhouses (usually hydraulically
operated) for improved visibility. Their own mooring arrangements
are simple; usually a pair of bollards at each end suffices.
COASTAT, AND ESTUARY TUGS
(A) Pulling Type

These tugs are designed to operate ouﬁside harbour
limits on short voyages. The word "short" here indicates non-
international voyages, and any long open sea passages such as
Melbourne ¥o Perth would be completed fairly close into the coast.

?hesé ships may be recuired to overate 24 hours a day
for several days at a time. They must,'therefore, have provision .
for three watches. Bconomies in mampowsr can be effected by arrang-
ing for partially unmanned operation of the engineroom, and this
"will be reflected in fewer cabins, g sméller'ga;ley and mess rooms,
‘emaller lifesaving appliances, and a smaller wages bill. It is
~usual for these tugs to cairy a Master,\two Mates, a Chief Engineer
and one other engineer, a dayman greaser, three seamen and a cook.
The wireless is usually of the radio-phone type réquiring only
a class 3 licence and most tug masters androfficers have this
qualification. When operating in herbour as a harbour tug these
vessels are menned in the same menner as other harbour tugs.

Cabins for the crew are_usually two berthed, the Master and

Chief Engineer frequently having a single berth cabin.
/22. Stores,
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Stores, both edible and mechanical require much more
room than in Type 1 tugs and it is essential that they be available
without the necessity for going out on the open deck. For this
reason a gas tight door is frequently fitted leading frdm the
accommodation (forward) into thé engine room, and snother from
the aft end of the engine room into the bosuns store aft. Since
this store usually gives access to the stern glaﬁd, the engineer is
thereby saved the necessity of going on deck to reach this gland
space. This.arrangement}gives "under deck access" to almost the
whole of the ship except the forepeak and steering flat. |

Larger bunker'tanks and domestic fresh water tanks are
neces:ary than are required in harbour tugs, énd the pipe ranges
are generally a little gfeater in diameter to allow for quicker
filling. In all cases the air pipes to tanks must have an area
equal to at least 1% times the area of the filling pipe - and air
pipes to 6il ténks must be fitted with a protected flameproqf
gauze. |

In such céses}the vent area is calculated on the area of
the holes in the gauze - not on that of the pipé.itseif. To
achieve this area the gauze‘is made in the conicélform éf&a
dunce's cap. Combined sounding and air pipes are not usually
allowed. Air pipes must be fitted with a cover which will open
to small internal pressures and close to extefhal pressure.,

The long familiar wood plug and canvas coverris no longer acceptable.
Means of closure must be permanently attached to the pipe.

| Internal access to the wheelhouse is frequently provided,
in which case thé access hatch must be fitted with a weathertight
cover, or the wheelhouse_windows with storm cdveré, either of which
may be positioned if the glass is broken. Shatterprdof glass is
required in the front windows at least, but it ié'usually fitted

at the sides as well. /23. Doors
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Doors to the deckhouse and engine room must be wegthertight -
this word meaning that, in any conditions of the sea, water will
not penetfate inwards through the closed dobr ~ in the case of a
watertight door the passage of water in both directions through
the door is prevented. |
Navigational aids are a little more complex. ‘In some
echo-sounders are fitted, while radar is almost invariably present.
Radio direction finders are unusual in this type Qf tug. Some
are fitted with an auto-pilot, and some of thesé work from a gyro
compass, while others are actuated by the magmetic compass. One
magnetic compass, with,invertéd reading from the sheelhouse, is
usually fitted and a spare bowl must be carried. Bridge control
of the main machinery is usual. BEither clear‘view,screens or
marine type "straight line" window wipers are fitted. It is
desirable to fit a fresh water jet in front of a window having
a wiper, as salt spray leaves the windows‘encrusted and that plays
havoc with wiper blades. A navigation light alarm panel is
required having double sources of supply, and an emergency source
of power situated above the bulkhead deck, and outside the engine
room is mandatory. A morse light is fitted at the masthead and
this is connected to the whistle pull - so that both visual and
audible warnings of intended manoceuvres are given simultaneously.
This is important, since priority of giving warning does, in
some cases, confer priority of action. A full set of signal
flags is carried - a total of 41 flags which includes 26 letters,
10 numbers, one answering pennant, three substitutes and an ensign.
A word about signals. Today the#e are made in "hoists"
a hoist consisting of onme, two, three or four flags. (The one flag
hoists are the emergency signals, the two flag hbists are the
navigational signals, three flag hoists are meteétological.signals

or derived signals, and four flag hoists aré conversationa} s}gnals -
24/. all
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all of these being coded. In a cane where a code group such as
"ABBA" is required it is necessary to use two of the three:,
substitute flags - the signal hoisted being A,B, second sﬁbstitute,
first substitute, which means "AB, repeat secoﬁd lettef, repeat
first letter.%) By the very simple device of carrying the first
second and third substitute pennants, the 41 flags become the
' equivalent of one hundred and forty six flags which would otherwise
need to be carried.

| The mast should be of sufficient height to display
the signal flags - bearing in mina that each has a tail line
about three feet in length, Hence if the signal flags are 3'-6"
by 2'-6", a four flag hoist requires 23 feetf6rinches of height
between the highest obstruction and the yard‘éim to'fully display
them., These tugs must carry three lights on the mast, and therloweS'
of these must mot be obstructed by any object or person standing
on the wheelhouse top - it must thérefore be about 7 feet above
this level., The spacing of these lights is 6 feet, and that used
as the steaming lightrwhen running free must be'é height above the
hull equal to:the_beam of the ship. It follows that the space
required to f£it the lights will be about 19 feet mihimum. Fbr
these reasons it is usual to fit the signal yard under the topmost
light. All navigation lights must be either dupléx electric or a
spare set must be carried. Oil lamps are no longer mandatory.

In order to keep the decks as dry as possible these
vessels-afe given more genérous sheer fOrward,than‘most ships.
Standard sheerrforward expressed in inches is 0.23 + 20", where
L is the length in feet. So a 100ft. ship would have a standard
sheer of 40 ins. 4 tug may have this increased by 50%, It is
also usual to fit storm boards adjacent to the fo;gard end of the

deckhouse - and these should be abaft a freeing port and forward
| /25 of the
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of the entrance doors. Freeing ports forward should not be
fitted with doors, but, due to the low freeboaid and flat sheer
aft it is sometimes thoughtéﬁggggﬁgﬁéto fit doors to the after
freeing ports, as this assists in,the water swilling over the deck
when a wave of height between deck and bulwark rail sweeps along
the side. Doors to the freeing ports may not have securing devices,
and consequently are likely to bang about in a seaway.

These tugs are sometimes fitted with a towing bollard
as well as a hook, and the hook mﬁst be fitted with some means of
restraint to prevent it swinging wildly at sea. This may be in
the form of lashings, or of a permanent stowage position in which
it is locked, Or, by a more recent invention, an hydrsulic damper
and brake device may be fitted. Other than this, there is very
1ittle difference between a harbour tug and an:estﬁéry'or coastal
tug as far as deck arrangemenfvis-concerned., B

In the engine room we usually find twb‘électric generator
either one of which can sustain the full electrical losd, and an
oily water separator is mandatory. This then involves the install-
ation of a sludge pump and sludge tank., A calorifier is fitted to
provide hot water for domestic use and it is_deéirable to fit a
cold fresh water tap in the engine room - Calweli remarks that
engineers occasionally drink water!! ‘Fuel 0il and lub o0il purifiers
are frequently fitted and pressurised domesticvwéter systenms,
Sufficient fresh water caﬁ usually be carried to pérmitruse of this
commodity.for showers and‘toilet use as well as fdr drinking and
cooking.
(B) Pusher Tvpes. , _

The coastal tug of the pusher type is nothing like its
harbour counterpart. It is, in fact, = seagding ship in its own

right, but has a rather rounder stemhead.
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NEW INTERSTATE TUG: The 136-foot tug M/V Navi-
gator (shown above) was recently delivered to Interstate
Oil Transport Company of Philadelphia: Designed and
built by Main lron Works, Inc. of Houma, La., the new
tug will push or tow Inter-Cities Navigation Corporation’s
261,000-barrel-capacity barge Ocean Cities between Gulf
and East Coast ports. Powered by twin EMD 16-645E5
diesels with Falk reduction gears, the 5,750-hp twin-
screw Navigator is classed ABS Maltese Cross A-1, Ocean
Service. Her dimensions are 136 feet 6 inches by 36
feet 2 inches by 19 feet. Electric power is supplied by
two Detroit diesel 75-kw generators. She is equipped
with a Markey towing winch. The tug has comfortable
accommodations for 11 men, and is air-conditioned by
Carrier. A unique feature is an clevator between upper
and lower pilothouses.




Artisl's impression (10p) of the ccean-go baf:‘ S 100 S S
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Otherwise there is not very much to distinguish- it ai flrst glance
from a pulling type. However, on second looks we find that it has
no towhook, but it fitted with a towing w1nch and/or a powerful |
capstan aft, they very frequently have either raised or elevatlng
type wheelhouses, and there is a good deal of very heavy fendering
forward. | | |

The barges which these tugs push have a notch built into
their stern ends, into which the bow of the tug is placed. The
tug is then hove up tightiy and made fast with heavy wire hawsers.
Natually, in a seaway there is some relative motion between |
the barge and tug, hence the fendering. In order to immrt direct-
ional control, ﬁiree are carried aft on the;$ug from}the barge,
and then broughtback to the capstan where they are set up tight.
Great care is necessary tp see that wires do not chafe or stretch
as the tug and barge may colllde violently if any slacknesq develops.

"One of a number of recent developments in the connection
of pusher tugs. and barges is the Sea~Link System, in whlch the
connection is made by a serles of hinged rlgid members, which are
normally carried by the tug in a raised position (look:.ng rather
like a praying mantis sbout to striké and these are dropped on to
prepared fixing points on the barge when connectiongis made.

B, this means the two vecsels are'kept out e&ieoﬁiaet,rbux the
designers claim relative freedom of motionubetween?thEm while the
barge is kept under complete- dlrectlonal control.

The advantages of push tow1ng as compared to pull towing
ares a greater degree of control of the dumb vessel, less weighty -
equipment, and 1essﬁcha£e on ropes etc. There is no need o
shorten up on & long ocean towline when enterlng a busthaterway
or harbour and hence a smaller deck crew is requlred.' In-areask
of heavy seagoing traffic it is clearly 1mpractlcable to have a

large barge yaw1ng-about on the end of a long line. ~ The - close
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smit's 9.000 ihp salvage tugs

zwarte zee x witte zee x rode zee

NOWTHERE ARETHREE

Head-Office: 5, Westplein - Rotterdam-2 P.O.Box 1042
Telegrams : Tug Rotterdam

Telephone : 112700 (day) 144388 (nlght)

Telex : 22247 (attended day and night)

| agents in United Kingdom:

‘\AN

Glasgow  Great Yarmouth
Warden & Bell
75, Bothwell Street (C2) Smit McLaren Ltd.

Telephone : Central 1411 3, Middle Road West

Avenue 3933/6-1568

elegrams Wardship Telephone: 3860 / 3969
Telegrams: Ellangowan Tetex: 77304 Telegrams: Islandia
Telex: 28270 Telex: 87335

OCEAN TOWAGE |SALVAGE HARBOUR TOWAGE!SHIPDELIVERY
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proximity of barge and tug causes them to tend to act as a single
hydromatic unit, thus cutting down on the waveméking resistance
(which can be 60% of total resistance at or near the economical
speed for each vessel alone.). Another small saving (but oné which

multiplies where a fleet is concerned ) is that only the tug needs

to carry navigation lights and associated power source and this
is suprisingly expensive. Finally there is ready access to the
barge without the necessity to launch a boat and make a difficult
ascent over the side of the barge. It is natural that one only
needs to do this in the heaviest of weather.
OCEAN GOING TGS
(4) Pulling Tvypes , |
" In this group we meet with the greatest variety of

craft. In genéral»these are the largest of tugs:énd the most
powerful.. They réquire long endurance at high power, and
exceptional sea keeping qualities. It is not so frequently
necessary td»handle lines from end to end = and‘in4any case
the majority of the lines are too heavy to be ﬁanhandiéd -
and so to provide édequate accommodation sPace,.and géod seakeeping
qualities, they are fitted with long forecastles, génerally
extending aft'to'fhe ares around the towhook, These vessels are
adequately described as small, sturdy, powerful SeagoingAships.

| _ The crew requirements are determined with an eye to
operationél requirement, and also to the tonnage of the tug.
Each watch on these vessels typically consists of'one deck officer

and either two or three seamen, an engineer officer and a greaser.
Together with the Master, Chief Engineer, and the boatswaln, this

nay mean a complement of up to 28 men - which, of course, may be
reduced on short voyages. <+t is common in some trades to carry

a number (usually up to 12) of "ruaners". These are men whose duty

/28. it is
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it is to mah the vessel being towed -~ in order to tend the towing
. gear and the navigation lights etc., and to have enough men on
board to anchdr if the tow should be lost -'thefeby saving on
poSsibly very heavy salvage claims. In certaiﬁ other trades, e.g:
the oil rig supply trade, it is usuad t® carry up to 12 passengers
these being relief crew for the rig being serviéed. Hence the |
necessity for the long focsle to provide space for all these
persons., -

In these vessels a crew's recreation room is sometimes
fitted in addition to the messroom, and a Master's and a Chief
Engineer's office are usual. Other items usually found on toard
are a well equipped laundry, a deep freeze 1ogker, with a complete
refrigeration complex of cold and cool rooms for.normal refrigeratio
and full air conditioning of the accommodation. In the larger
vessels the chart room and/or wireless room are separated from
the navigation bridge. Certain of fhe 0il rig‘supplylvessels, which
are also tugs, sometimes engage in oil searchrbpérations,:and these
are usﬁally fitted with satéllite’navigational'QQﬁipmentwhich is
very égmpf!.ex. By means of this gear it is possible to position
a shigf:%tzt 200 ft on the global surface, - this is pretty close
work. | , ' ' b | |

, " On deck; the towhook is se%éﬁn.fitted; being replaced
by a towing bollard and/or towing winch. The latter are quite
substantigl pieces of equipment - sometimes of the Self-fensioning
type, with rendéring loads of up to 100 tons,,and are most usually
hyéraulically operated. In these cases it is usugl for the
anchor windlass to be hydraulic also - but a cépstan‘is not fitted.
Lifeboats are sometimes carried although the inflatable raft
is rather more common, but a small work bdat?ié.a;most invariably
found., This is used for transporting the rumners from tug to
vessel towed. In cases of lérgertugs some of the‘mooring bql;ards,
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usually aft, are made in the form of a capstan, one post of the
bollard itself rotating when bringing the line inboar&, and then
being hydraulically locked, so that the line may be belayed in
the usual figure 8 manner.

Since these tugs are almost always outfitted for rescue
or salvage duties a derrick is commonly fitted and the winch is
hydraulic to meet up with the other items of deck outfit.

The derrick is used for handling stores,'boats, and salvage hoses.
~ If the tug exceeds 150 feet in length it must, in
common wifh'other,ships, carry two masthead steaming lights
separated vertically by 15 feet and horizontglly by 45 feet as a
minimum, All tugs carry three lights on the Foremast as has been
‘mentioned earlier. One of these is used. as a stéaming light, and
and its height is fixed byvregulation.- the séebnd, either'above
or below it is 1lit when emny tbw is being undertaken, and the third
when the étérn-of the vessel towed or ifrmoré»than,ene vessel is
being towed, then the stern of the 1ast'vessel,:is more than  600
feet abaft the stern of the tug. 4&lso, tugs must be‘fitfed with
a stern light when rumning free, but this is not 1llum1nated when
towing - and for this reason is frequently made portable - a small
light being carried abaft the funmnel "for the vessel towed to steer
by". | |

Deep sea towage is totally different fiom harbour towage
The first and most obvious difference is in the length and weight
of the towline., A towline of half a mile in length is not uncommom .
The idea of the long towline is to provide a natural "spring” to
absorb shock loads — these, with a short towling,wduld be of such
magnitude that tug, tow, and.gear could soon break up. Wheﬂever»the
towline is in contact with steel it must be protected from chafe,
and it is usual to rig wooden chaffing boxes iﬁ which the line
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lies while the wood takes the wear -.boxes being muchvcheaper to
replace than towlines - It is a common funetion to secure the tow=-
line to the end of the anchor cable of the ship being towed, a
few cable lengths {@#amh 15 fathoms) then being run out and then
made secure on the ships windlass and cable stoppers. The weight
of anchor cable adds to the spring effect ~ the wear is taken in
‘a plaée especially designed for it and.ne,loads are put on bollards
etc., - the windlass bed is usually strong enough to take this
punlshment. Because of these factors all deck gear connected with
line handllng and with tow1ng is made extremely strong in itself
and in its seating and the - relnforcing in waye.
Navmgatlon flttings are most comprehen51ve, Echo

~sounders, radar, radlo dlrectlon finders, auto pilots, magnetlc
and gyro compasses, with strategleaily placed repeaters, and in -
the northern hemmsphere, a position fixing device such as a loran -
all these are to be found.on the bridge toge%herewith_ehort rQnge
VHF radio phone, fire'detection eduipment, navigation light |
alarm box and, frequently, a. full set of both w1ndlass and towing
winch controls together with the engine controls. These,controls
may be mechanical, although hydraulicAgr_pneumaﬁioﬁtypes are most
favoured.e Electricfcontrole are very seldom seeﬁ, “These tugs are
frequently fitted with a transverse boﬁ_thruetérﬁprgpellér situated

in a submerged-tunnellforward, and this is also controlled from |
the bridge. One vessel in.the writers experienee'has had 573600
rotatable ﬁet unit mounted at keel level for this'purpose. This
can be used as an auxiliary propuls1on or tow1ng dev1ce. |

The engine room outflt is extensive. At least two

guxiliary engines - more often_three,are.fltted endiequipped with
electric‘geherators - and it is usual %o find et,leastjone'of thece
" having a.bilge pump clutch coupled - éo that eleetrical failure

does not put all pumps out of action. ,, |
=4/  Another.
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Another frequently has an air compréssor coupied‘in.- "Dead Ship"
start up ie usuall& achieved either by a small diesel driven
compressor, or by the auxiliary with compressor attached having an
auxiliary means of starting - explosive charge 6r burning film
types are fitted. All the items found in the engine room of an
esturial tug are found in these larger tugs, withthe‘addition
of large lub oil pumifiers and filters with associated clean and
dirty 0il tanks and, of course, a sludge'tank.  it is usual to
carry three complete charges of lubricating oiir— one in“nse,tA
one clean and ready for use, and one in the process of being i
purified. o -

The question of'singleﬁvs. twin'scréw requ;ra'careful
‘consideration vhen contemplafing this type ofvéfaIt.' Due to éhe
very high horsepowers installed the propeller diﬁm@ter necess%ry
becomes excessive for siﬁgle screw operation;‘and; in these ;
cases, twin screws must be fitted. ThislrQSulfS;inreadhrof the
main engines being Smaller individualiy thanleﬁé bf_equal_total
power, but the two together; ﬁaken in ¢onjunctiaﬁ'ﬁiﬁhrthe duélicateé
services requiréd, occupy considerable space, and&spagefis at a '
premium in theee_shipé.~ Twin screws haweldecidédgﬁwantages-in
connection with safety, as an engineVbieakdown?daes;ndt immdbilise
the tug, and:the service may be arduoﬁs, eSpééialiy in rescue Work.
They also confer considerable ﬁanoeuverability—onrthe vessel as
the propellérs can be made to assist the ruddersAin'tuining -:in‘
deed the vessel may be steered (albeit rather clumsily) by
propellers alone. Further, by judicious uée of.propellers énd'
rudders it is possible to "walk" a twin screw ship bodily side-
ways. | e B

Since twin screws are ofbsmgiler diametér than singie
scres accepting the same total horsépower they m#ygturn rather
more quickly - hence the gear reduction doés not'need to be quite
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so severe = or, alternatively higher revving engines cén be toler-

'ated, these being of smaller overall dimensions and weight than

slower engines., There are another three advantagesnof twin screws

which are not generally appreciated - these are:-

(1)

(2)

»

(3)

By "winging'out” the main weights in the‘ship the overall
radius of gyration is increased, and hence the rolling period
is increased, and violence of rolling motion is diminished.
Since no ship (except e cylindrical one) cnn roll without
heaving, this also reduces the velocity of heave and hence

the amplltude, and also hence the tendency to induce sea-

. sickness!

Since twin screws should always be arranged to:rotate in
opposite directions the effects of gyrdséopic-ﬁceeession are
cancelled out. In any single screw ship it”wili‘be found
that:- ,‘ o

(a) The effect of pitching is to canseAthelShip's_head to
turn off to one side, so producing afggightly.sinusoidal
course and incurring greater resistangg;v-ﬂ |

(b) The effect of turning is to cause.the éhip'é head %o
‘rise or fall dependlng upon‘the dlrections of turn and
of shaft rotation, and ‘ ‘

(c) The ship will always turn more readlly to one side than
the other, The higher the reveS-of‘both-eng;ne and
propeller and the greater the rbtating.nnéses in’
relation to fhe,weight of the ship the greater these
effects will be. This is one reason ﬁhy»in:a.singlé
gcrew ship it is desirable to ha#e#hé propelleifshaft
turning in the opposite direction to the crankshaft.

The tendency of the propeller to "wglk” the stern. to one

side continuously is avoided. This causes s1ngle screw ships

to carry a small degree of helm when runnlng straight -~ hence
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there is always a small augment of resistance.

Again depending upon the power'transmitted and upon the

diameter and rpm'of the propeller it is foﬁnd that single Screw

ships always tend to heel to one side when tiansmitting high

power - twin screws avoid this effeét.

In armnging the engine room of any ship, great care

must be taken to see that accessability of parts requiring removal
for overhaul is not destroyed. Ample cleai height over cylinders

to allow for withdrawal of pistons and con-rods is essential -

and do not forget the space requirements of the chaln block - the

eyeplates, the trolley and the lifting beam. ~ This appllesrequally

to sauxiliary engines as it does to the‘mainvmachinery. It should
be possible to remove any item (including a full:generatqr set)
without having to first dismantle the main‘éﬁgine.- So far as is
practicable, piping systems, electrical systems and ventilation
systems should be kept clear of areas where maintenance lifts are
to be carried out.' xperlence of one case showed that the
generator snd switchboard were on opposite sides of +the engine
room - the heavy main cables took the shortest route, over the
top of the main engine and when it was.necessaxy[to remove the

No.3 cylinder'head one night, the whole shiprwasAblﬁckedvout

‘because these cables had to be removed firsti! It is most unwise

to put fuel tanks between the_main enginé girders - accessability
for maintenance is the keynote. If tanks must bé fitted'in this
area it is preferabe 40 have a full width, full helght fuel tank
with internal crawlways via manholes through structure, rather
than smell lub oil tanks which can neither be entered nor nmoved

past at the sides or between tank top and engine sump.
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The tendency is to move to 415V electrical supply todaye.
and in a vessel as small as a tug it is seldom worthwhile spreading
the generating machinery on both sides of the_éngineAroom; although
ten to fifteen years ago this was almost invariably done if two
sets were fitted. Today they are put close together and adjacent
to the switchboard. Tugs needing an emergency supply must have
this located above the freeboard deck and outside the machinery
cagings. It is also rather'foolish to put the emergency
electrical generator, or the emergency fire pump, on deck above
the engine room - it should be forward - that is where the crew
live, and mostly where they work - so that a red hot engine room
crown will'not stop someéne getting at the pump, or operating the
generator in case 6f an engine room fire - alSo-remembér that the
forward end is the most likely source of a domestic type fire =~
and hence hoses may be shorter and manual pumpihg éffoft smaller
if the pump is nearer the source of fire, It is permissable and
desirable to make this pump portable and tb uSala flexible= hose
for suction as well as discharge. In this manner thé..firé
pump can double as an emergency bilge,pump,but'dQ rémsmber to fit
an inlet strainer. Also because of the,firé risk, the engine room
and accommodation ventilation systems shouldfbe comp1ete1y separated
and supplied by different fans. This prevents the épread of fire
as well as the propogation of noise and heat.'*Acqommodation way
be air condtioned, but engine rooms are note .

In connection with earlier remarké'régérding engine room
ventilation it showld be noted that an air pressure differential
of 1 psi causes a total load of just on 1 ton 4n§ia normal
door, While this is not sufficient to cause harm %o ﬁachinery or
to personnel}l, it is sufficient to prevent a door from being opened
readily and a further pressure drop acting on a . trapped crew can
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#nd at gsch side. the tug virtuaily becomes a rigid part of the whoie structure

of planming and 11 iy expected that the
first Tugbarge orders wil be phied
competitively at the end of this year
or the beginming of next  Inmally, wags
with 1S000 0000 dw: barges will be
used 0 the first phase 10 move umber
products 1o Europe .t the rate of
442 S60 1ons per annum e T XM
capacity of ome Murvicker umit of a
tug and three barges Producuon wili
e «iepped ap in fouwr anngual incre
ments of 242 S80 dwi as further Mur-
vicker units are bronght into operation
There s presently & bitation  on
draught at the port on the Approuage
River French Guiana,  whreh  wall
restrict draucht of the first vessels to

2t and a carge deadweight of 15000
dwt i« required. However, 1o take
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stage inclodes a small barge carrying
umit for the European short sa trades
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g o barge. the Muriicker rigid con-
nection developed  conjunction with
Vickers depends upon the forward half
of the tug hemg shaped and tapered to
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afterpart of the barge. Precise align- ; . .
ment of the two craft is effeeted by/
mgans of three shoulders which fit into/
mgichinng sockets on the other portion.
These shoulders are srramged in a tri-
angulr pattern, as scen from above.
one being at eath wide of the tug/ at
about its half-length, the <
sockets being on the tug itseif and/ the
shoulders protruding aft frofn | the
barge, and one at the forward émd of
the tsg on e centrélifie protyuding
into a secket on the barge. /
Easeh soulder is tapered both verti-
taez Between all mating surfaces is
Bétween massive timber bautks secured

of the tug hydraulic restraiming links
getily close aroend bollards on the

going unit evelr fhough such jourmeys
the full area of the mating surfsces and  would be norfhally short, coastal and

the comanccting mechamisth is operated infrequent. The surfaces st be per- e Boen idnti-
drawing the rug and the Barge together. manently held under compression, but where ihe tig
With all fating surfaces in firmn ond the locking mechanism o be barge during

contintious comtact the commecting sufficiently simple to aflow a fale plug
mdchamivin is locked thus allestively in and withdrawal,

mergiag tug and barge into ome rigid Although e Murvicker system i weu projaet,
unil. Whes wishing to disconnect, after adaptable to the carriage of ol hree borges
adlusting bullust in the tug, the deek cargo and may be scaled or : A e
redtraiaiag liks are opened wp and the as required, its imitial ° : g enabies
tocking mechanism withdrawn to force the French Guiana forest products ey o B dispowsd i a dumber of
the two sections apart. development show many conviming i 52 pooRONmics of

In/ the design. the primcipal criteria  advamitages over convehtions! methods gnuiivisiy et
that were taken into consiigration were of shipping in this hitherto usdevelapesd g berges.
as follows: Firstly the comnsction bad area. The use of » barge as a con- eohy i 65

to be sufficieni to counter the strastoral  tinvously zvailable warchowse saves
stresses  invelved in  the héliviest considerable investment in

weather, while the various imerfices and storage facilities while #he banges
between tug and barge were made cap- themsclves, being fitied with inert gus
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then wreak havoc. DBxternal doors to engine rooms should open
outboard and internal doors should open inwards into the engine
room s0 that no matter which way the pressure differential acts
at least one door will move (and will move very fast) once the
clips are releaced. | _
Again, the force necessary to remove clips with a load
of 1 ton on a dodr can be quite large, beyond the power of an |
unaided humaﬁ hand, so means of assistance should always be
stowed adjacent to the door on both sides of the bulkhead. It
is also vital to provide a position for the operator to stand clear
of the swing of the opening door - failure on this point can cause
‘the death of the operator if he is behind the dobr when it opens.
Pyush Txpé |
Océan going pusher tugs fall into two types, one resembles
t+he harbour pusher type, the other the esturiél type. The principal
points of difference lie in the attempts which aré made to ensure
that the tug/barge complex becomes and remains'one integrated unit.
These photographs show a complicatéd,series of wedge
shaped notches and keys being built into such vessels in the hope
that relative motion between them will be absolutely avoided - a
very difficult result to achieve considering the magnitude and
variety of the forces which may be brought to bear.
The final point which needs to be madéoohdefns the overall
stability of the vessel. The IMCO stability critérion applies
to tugs and fequires tht
(1) The area under the curve of righting leversﬂéhould_not be less
than 10.337 £, deg. up to 30° angle of heel and not less
than 16.915 £t. deg. up to 40° angle of heel, or to the angle
of flooding if this be less than 40°. ‘
The angle of flooding is that angle at which the sill of rany

/37. opening
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opening in the hull, the‘superstructures'or deckhouses which
cannqt be closed weathertight first Submerges.,

The area between 30° and 40° of heel, or between 30° and the
flooding angle should not be Jess than 5.638 £t. deg.

The righting lever should be at least 0.656 ft. at an angle

of heel of 30o or greater.

The maximum righting lever shouvld oceur at an angle of heel

preferably exceeding 300 but not less than 250.
The initial GM should not be less than 0,492 feet.
In addition, for tugs, the Australian Authorities require that
a curve ofloverturning moments be drawn, produced by the effect
of the full designed bollard pull of the tug, applied at right
angles to the longitudinal centreline of the ship and at 30°
elevation above the horizontal. This curve must cut fhe curve
of righting levers in the worét loading condition'and leave a
positive moment against overturning. |
It may be noted that the oil rig supply iﬁdustry refer ta.their
craft as "Tug/Supply vessels" and their hﬁli'form is such that
they cannot comply with these ériteriav- in such cases the
following relaxations are permittéd'provided it can be demon-
strated that the vessel is of such a type that compliance cannot
be achieved. o
(1) The area under the Tighting level curve should be 14.1 £t,
deg. up to an angle of 20° when maximum GZ occurs at 20°
or 10,34 ft. deg. up to 30°,when maximum GZ occurs at 300
or above, with intermediaste values in pfoportion; also
(2) The area between 30° and 40° or the flobding angle nmust
still be 5.638 ft. deg. |

(%) The maximum value of the Tighting level shall be at least
0.656 ft. o

/38. (4)
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(4) The maximum value of the righting lever shall occur
at an angle of not less than 200.
(5) The initial GM shall be not less than O;492 ft.

I trust that the foregoing will provide you with useful

information in tiec discharge of whatever duties you may be called

upon to undertake in connection with tugs.
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Permission granted by Adelaide Ship
Construction to display and re-produce _
photographs and plans of vessels of their:
construction is gratefully acknowledged.
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