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A1 She bw *bs. from atarboard are liftmi on top the 100 ibs. an ‘he port
gide, tim abiy will hesl ¢ dtgrwg. 1% then the 200 1lbs. are shifsed back
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Partp: Resistence ana Propulsion

Resistonce is the sum of 11 outside effects L:ving an influence op a

moving sheep, -nd meking it necess:ry to eqii p

the ship with a power plant

for its propulsion. The megnitude of the resistince at = #Ziven speed is

~ equal to the ,force that would be required io t
‘ Rough1y, totalvresieténcé is made up of the fo

2, Friotional Resistence - Ry

¢) Head Resistince
d) Eddy Resistance

b) Wavemaking Resistance e
} -~  Resi

e) Wind Resistance :

2) end b) will be trerted at some length, whil
in a well designed ship (sharp stexl); d) is m
rudder, shaft brackets, bilge keels etc. =nd e
- part of the ship, mainly its superstructures,

b), o) =nd d) together form residusry resisten
detail. ‘ ‘ ;

The dizgram on p-ge 19) shows roughly the rels
over a renge of Speed/Length ratioes. This dia
~Philips~Burt,
accurrté figuree and cen not be used for powe
shows the + rverat ..—- : i .

Resistance below VAT = 1.0 iz very lew, und
A cargo ship might have sbout 3 - 4 1bs./ton
of this will be frictional. The ship will crea
water as it trevels along. g -

Around VAT = 0.7 - 1.0 total resistance beco
F. st liners and express csergo boats (fruit cer

" Fric.resistance accounts for between 50% and 7

From 1,0 -~ 1,25 is the rzpnge in which fust fer
Totil resist:nces might be in the r:nge of 30

Neval Architecture of small craft,

ow the ehip at this Spead,

llowing parts:

duary Resistance - Rr

e ¢) can norm-11y be neglected
ainly ceused by appendages, i,e.
) is caused by the sbove weter
offering air resistance,

ce, which will be treated in

tive distribution of Rf and R
grem is taken from ; T
It is not meant to give
T calculations - it simply

congists mainly of friction,' :
total resistance, and 6%¢ - 80%
te little disturbrnce in the

mes about 10 = 15 1bs, /ton,
riers) operate in this range,

0% of the total.

Ty boats, warships etc. oper:te.
1bs, /ton displacement, accounting

Vo(1:25)

for the tremendous power plants these ships nesd to sustain their gpeeds.

A 500 £t. cruiser, travelling at 28 knots will h-ve aﬁV/Vf\n'l;ZS‘
Assuming a dibplacement of 3000 tons and o tot=zl resistance of

30 1bs. /ton, the R, becomes 90'000 1bs.
EHP then becomes 0/00307 x 90'000 x 28 = 7'800 h.o,

Small boats in general,
speed/length ranse!

vr £ ~
ufd; =
/

and fishing vessels in particalar operate in this

N M e S0 0 B0 tae.
e s 55 os W5 9 o a0 .
625 BB B gy oe oo

L% 2}

Taking & 40 £t. bot at B knots, its specd is perhaps only 25 higher (rel tively

than the speed of =n sxpress liner of 450 ft,
- resistionce of perhzps 60 1bs, /ton however ocan

lengkh «t 21 knots; its specific
be 300 - 500% thst of the liner!

1.0 -~ 1.25 represents the fbllowjng speeds for boats from 25 - 100 fi. Ls
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Wave length A

ol
g

&l

Weve height h

In actual fett the wave does not travel forward, but is caused by the orbital
motion of watexr rerticles, gtarted ¢t the origin of the wave by a pressure
difference, : :
This can be obae ved when w«tchlng drlftwood in 2 wind induced ocean swell:®
At the crest of th wave, where the woater particles move tangential end in
. » the direction of* the wave, the drifiwood will advence = little in the dirsction
of the waves ir the trough, where the particles agsoin move tangential, but
in the opposite diredtion, the driftwood will move slightly emeinst the wave
direction,. the two moyements creating the familiar to znd fro motion of drifting
‘ objects. Between crest znd trough there is obv1ously incre:sing and decre sing
vertical motm;, , J

-

e E e e e g

Troch01uél waves can %;slly be studied and certecin laws of behaviour found-
the resulirs are presented here without proof, ag *he mathematlcal 1mplicatzons
are outside the scope of this text - the theory of frochoidal wives con be
studled in = number oi books on the subgect of theoretical naval architecture.

The speed of the weve in knots follows the rel=tion:

(} v2 o= 1.8 )\ where A  is the wave length in’
ft, from crest to crest,

§ This e VV'=' 1 34V a result to be remembered!

As 2 wave is createu by a travexling di sturbance (ship), this will mean th b
the wave ’enrth 1s dependent on the - sPeed of the ship that creates the wave,

The speed / length ratio V/\T is derive'1 from the trochoidal wave theory. .

and eimply shows the relation between the length of the wave created by the
* ship travelling at ‘speed V and the length of the ship. At VAL =1.34

these lengths are equal! 6 ! :

s R S ey s e o e

1

A ship travell:ng at a speed y length ratxo of 1.34 will create s wave svstem
of the Shlp‘s own length.

= The helgh+ of the w've has no efiect on the spesd! However, ‘the energy stored

e in the wave is dependent on the length and the.square of the beight,

% The snergy stored into a created wave is produced by the ship's power!
Thus the power thst is lost in wave making is largely aPpendent on the wave
length :nd the square of the wave height.
The wave length, on the other hend, is despendent on the ship's aneed, whz?e it
hds been found that the wave height is largely dependent on the ship's bulkiness,

\\\or 1t's dlsplacement end the distribution thereoi ;

Thus wave meking re31stance is largely governed by. Speed and dlsglﬁcement ~~nd
S prlsmatlc coefficient, :
; ¢

‘f”A moving-ship creates three different wave systems:

At low speeds the divergent systems
- are clearly visible, travelling at
- speeds equal to the ship's speed :
component in their direction., :




OR\
il 23
= ""/
it 2 2 e Pmenavarss WUave s 1 : R T
At higher speeds the sverse wave system will show up clearly inm .
= 3 d 2 .
L3 A . & 8h 4 S Net weves

form of
* avelling a%
very nicel

the source -of wave meking resistance!

tra:

at 2 particular speed will create THE wave system belonging

s
A ship

to this speed: ;

ne sad resistance, but is made up over-
W €, ‘A curve of Rr per ton digpl cement
£ 1lustrate the trend:
el

(123

ste &t the ends, R /
around 30 - 40 1bs.7ton,

L+ 34, when the bozat is literaly ”WﬁDO?%@d

1+3, R, /A  mBY effily iﬂh*%“ﬁg

L3

ishing boats operate in regions
resistance is most sensitive to VAT

i s R -may again! This trend is most rkeds

: J ment hull mzy be still more, while condi-
% Woiiia be Snmewhaﬁ bettexr for.a light hull.

the immediate conclusion:

ot
0
L6
<t
o

; would be advisable to spreszd a given:&isplacemwnt over #s much
~rall

V‘*

(>

crrzh as possible to operats at lower V/Jf values for given Specds.

T
1

Conversely, it is seen that az longer ship may be able to carry a
\gch hlgber ulsplecement 8t equal speed with eoud power,




(SR o ot R
& - | 26)

A 400 ft. ship would have about the ‘same resistance at 30 knots o8 a
700 f£t. one. If they were geometricplly similar, the latter would have
a dlsPlacemer+ about 535 times bleger than the former. :

.

A 30 footer working at V/f_' 1.0 or 5.5 knots might have a RAQ of 10 1bs. /ton.
With 6 tons dis splacement this would mean 60 1bs. R_ .

A 47 footer, at the same speed, but /Vf'of O.; cbuld carry a diSplacement
of 20 tons to achieve the same R, of 60 7bg.j with Rrés of about 3 1bs,/ton.

Or consider the following table:
‘B.H.P, for

 Displ. Lt 10 knots VAT ¥ for 200 B.E.P. v/\T
20 tons A0 185 158 ‘10.3 ( 1.63
20 A5 140 1.49 1350 : 1,635
20, < 50y 120 1.415 313 1.59

!

These are iiguref from actual performancemfrials and the B.H.P. include total
resistance in sach case; the V/{f operated at are however so high that the
bulk of: the resxstanue will be R : 'S

-~ The table shows th“ 25%% increase in length can save 35% power for %he same
speeds or, 25t increase in lergth allows 10% more speed for the same power!

Furthermore, the 50 footer could cerry 27 tons et 10.3 knots with the same
power the 40 footer needs to carry EO)tons! :

Unfortunctely it is not alwajs possible to simply increase length, not least
because of the heavy penalty in price that has to be paid for length.
However, the decision regarding the length %o adopt for a particular boat
.is 2 delicate ohe, in view cf the obvious advintages of great length in
power and Tuel economy, greater -payload end easier motions in & sezway,

From trials with Fishtech I and II the following table is deduced:

Lt Displ. v/NT Vinots  D.H.P. R/ 1bs./ton R, R,
30 ft. 4.6 1.24 y6.5 10.7 58 267 187
' 1,35 7.1 23 15 - L B0 0
A0 e, 8.5 1.28 6.9 10 28 238 167
1.35 T2 36 96 ; 816 570
The last column is based oh the assumption-that at these speeds R will be
about T0% of the total resistance. e o
blaregrrﬂlng the difference in V/Jz'for the two sAower speeds, it is seen .

that the 2 f additional lengtu allow 85 more displacement to be carried
&t the same speed with even 11% less total resistance, or about 507 of the
gpecific resistance.

For the higher speeds, the heavier bozt begins to pay 2 penalty, but it is
.not very big-as yet: 8% more displacement is still csrried at.lower :
4 specific. resistance, 2lthough at 53% more total resistance,

As these boats are operating in regions of slavated weve resistance importance, |
not all the geins in the 32 ft. boat could be atributed to the 2 ft. more length, '
It must be concluded that the 32 ft, boaylhés.superion lines for lower wave

making resisteance, : :
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The data sheets issued by FAO in volume 1 and 2 of Fishing Boat Tank Tests
glve the following information:

-

Top block: Test and model xnformatlon es well as running FAQ
: number,

Lines block: Profile and body plan with scale indicators; tested
waterlines drawn in profile and plan; section area ¢
. curves for tested waterlines in plans ILCB positions,

Data block: ¥air dimensions and coefficients for ship size for all
t o ot ne represented; dimensions and coefficients |
WOR L% or standard lengths of 20 meters and 100 ft. j
Graph block: Curves of Admira.ty Coafficients (C.) on a base of
: Froude Number; EHP curve: on base ot Froude Numbers

Scale of Speed / Length ratio; scale of actual speed <
- for actual length (as 1ndlcated) and scales for actual
speeds for standard lengths.

The use of these data sheets is explained briefly as under: \_

a) Direct deduction: Only possible for the actually tested vessel or a comple-
: ¢ tely equal ship.

b) Direcf comparisons Only possible for ships of closely sxmilar dimensions,
; shape and form parameters.

¢c) Interpolations Comparison on the bases of selected parameters for ships
of a certain group, leading to data for a projected or
investigated vessel, following within the boundaries
set for the group under investigation,

a) Direct Deduction: This is useful for computing resistance and EHP values
of the actually tested vessel at different speeds and
at slightly different loading values than those jested.
It would not be applicable to different ships, unless
exactly equal to the tested vessel.

Assuming a 40 ft. in the waterline vessel, at 1228 £33 ( 4.7 m )
- dzsplacement, running at Froude Number O, 30 and showing there a G of 330,

The 0.3 Froude number corresponds to a ship's speed of 6,38 kn@ta (see graph).
Caloulating EEP from ¢, = 350 it is found to be 8,36 h.p.

or slight ohanges in displscement, and conséquently waterline length, the nsw
EH? may be dirsotly deduced such a*-

L = 40,5 ft. V = 1300 ft> or 36.8 m> ; the speed at Froude No. 0,30

now corresponds to 6,43 knotz due to the slightly longer length, and the ¢
at this speed can be assumed as 330 still, Working out BHP for these new

values then yields the figure of 8.9 h,p. Conversely, the speed sould be

assumed ae being equal, giving & glightly lower Froude Numbeér for the second
caloulation, this in turn meost )!&lf rﬁ$u1t1m in & somewhat higher €

1

To obtain the EHP, this new ﬁl w&ald have to be used &n the @alcula%;u%.




b) Direct Comparisont For a number of tested vessels, the available

¢, ecurves oan be simply superimposed on the bases
o}’Froud@ Nuaber, and it csn then be easily deduced
which of the models was the best,

=1 possiible, such direct comparison should be made on the bases of equal length,

and only for vessels with eguzl, or nearly so, displacement ai equal laggth
(for rough first hand reference s disparity in displacement of perbapé - 107
may be acoepted, as it has been seen thet L /y's retio has comparatively litile
influsnce on resistance ).

By using this direct compayison cleverly, end studying the influence of variable
design parameters on the ocurves under\ﬁhgervatiaﬂ, it becomes possible to form
an opinion as to the optimum valu for these parasmeters for vessels of the

type as those under comparison. .

wﬁon this is done, {4 becomes soon evident that a éharp half angle of entrance
will result in lower resistence; equally will a transom stern and ICP well
aft of midships normally mean reduced ERP, It would slso becomeé obvious that

. beam could be inoreased consideradly without adverse effect on resistance, thus

making it poseible to reduce draft for a givem displacement, and to work at
higher B/T ratioces. " e :
Interesting conclusions can be drawn from observing the trend of resistance
curves with changing trim: Almost invariably will a trim by the head result in
higher resistance than a trim by the stern for the same displacement. This is
undoubtedly die to some extent to the decreased angle of entrance and the

LCB being moved aft,

Similarily the influence of various parameters such as prismatic coefficient
can easily be studied in this way.

¢) Interpolations If a number of vessels are compared with a view to obtaining
' a set of optimum dimensions and coefficients for a new
design, a rather more elaborate method becomes necessary.
It would first be important to recalculate the C. values for equal length, to
be able to draw a set of cross curves of C, on a bases of L/QYs ratioes.
These cross curves would be drawn for vari%ble Froude Number, and they would
allow to find the optimum L/vUBratio, for the given length and required speed.

" Similar sets of ctoss curves could be drawn for varying LCB positions and value

of prismatic, giving optimum values for these parameters as well.

In this way a whole set of dimensions could be obtained at; but it is not certain
that they would be practical dimensions, and many a compromise would still have

‘to be investigated to be sure of their workability for the new design.

Traung gives examples for such comparisons in his paper in Fishing Boats of the
World I, pp., 312 - 319. Examples of cross curves appear below: :

el
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How to use tenk test data and when, and how, to order new tests

It is hoped that C.F.T.S. will be able to publish all data on tests with
models of small boats sonducted to date in Indie by about the end of
1960, The data svailable by then will cover boats from 25 ft. to 40 f£t,
in length; thie size group will undoubtedly remain the most important
group in India for many yeara to come. Thus the data published will be
of great valus to-.eventual designers of new types of boals in this class.

There will be sufficient tests available by the later part of this year,
to allow for a conclusive study of resistance properties of small craft
and their EHP requirements, to enable the designer to predict with a great
degree of accuracy the performance of any new design. Quite contrary to
the problems posed by big shipbuilding, the designer of small oraft is
normally not concerned too much with obtaining information as to the last
% of EHP necessary for his boat to attain a certain speed., He oan not
normally dispose of an slmost customs built engine plant for his ship,
but has to rely on standard production engines off the factories of the
engine making industries. Thus it will normally be rather a question of
what speed one can guarantee for a new boat df a certain type of engine
is installed. The test resulte will also give much material to interpret
certain novel design features with reasonable accuracy, and they should
proove to be very helpful in doing away with old, traditional ideas, in
the meantime shown to be misleading and contrary to best possible perfor-
mance,

If an oportunity arises to run a set of tests for a new design, the following
procedure may be adopted:

A new 38 ft. boat is to be tested, for example: The designer would first set
himself a reasonable gosl for the performance of the boat, by interpolating
test resulis and resistance data available for vessels in the size group

36 ft. to 40 ft, Initial tests with the new 38 ft. boat would then be rum

at possibly two displacement (1light and 1/2 or 3/4 load) and three trims

each. The results of these tests, when compared to the deductions mads from
earlier tests, will allow certain conclusions regarding the performance of the
new vesmei; ihe only straight answer that can be ¢btained being: Does it fulfill
the designers expectationz or doee it not? If the performance is grestly
unsatisfactory, further teste will have to be run with smended models to see
whether the amendments contemplated are giving better performance and by what
degree,.

it mast constantly be remembersd thet smingle tests with one model do givo
an agcurate ideg of the full sised vessel's performance at exact test
conditions, and very little more! The true wvalus of model testing will only
be apparent if whole meries or familiss of modols are tested, where each
_new model ie an amendment of @po“hér one in a strie¢tly plemnsd dirsction,
In this way the infiuenoces of differsmt “som parameters can be studlied very
nicely lﬁ&?%d

It is sug&egtad here that the Bost Design Seetion of C.F.T,E. should be
congilied wienever any model taa*ing programs are being contemplstsd by
any Department. The section is well equiped t¢ suggest pr *vating
programsg for any new design under study, to aveid duyl)vnt o af affort
and to ensure that all new tesis grestly inteamee the wwalth of knowledge
aiready gveilable with regard to the performance of small boats,

WARNIBG: It must continuocusely borne in mind by all ecncermed that the mere
testing of a model does not mean that the demign under serutiny
is a good one, Only the proper application of tasis remulis snd
their logical use when working on new designs cam snsure bettsr
boats iﬁ the ;ong Tum,
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power has 78
in relation to

they are
the sengine.

Basic serew pro theory
+
\ It is evident that the thrusi 1 by the propeller must be equal to

ip's resistance at

lops maximum thrust at highest pos
can be defined as;

Hence a good propeller is one that

Thrust developed by prop.

1?7 = x speed of advance of prop.
Power supplied to prop. :

i.e. for high efficiency: Small power supplied, large thrust developed at
high speed of advancs,

The action of a propeller blade, when rotating, may be shown in simplified

form as:

& D ' . o
e A

— S

Slip

TN e

100,33 V. {h/miu,

®
\\
¥
2ne N
where N = r.p.m, 3§ V = speed of ship in knots; V. = speed of advance of , |
: a ;
propeller through the
S : : : : : wakes .
P = pitch; D = diameter; P/D = piteh ratio gxe e

PN would indicate the advance of the screw of pitch | in & solid body per ”
hil fa will mean the actual advance of the biade in a fluiad, }
b v ;

a = PN - Slip, (The factor 101,33 comes in to convert knats into £t. /min) ;
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It becomes necessary at this stage to introduce the phenomenen of "Wake“
This is beat done graphlcallw at first -

Px N

e Va‘ = PN = Slip - or,
\/ V. = P!_sl--(wa.kef:a.nsg slip)
\AL Wake QP~$L;V When 8lip is mentioned, it is
e e e £ o always real slip, i.e, wake

: £y plus apparent slip, :
real Slip o Apparent slip is always termed
‘ correctly to avoid confusion,

To better explaln the termae slip and wake, an important assumption kzs te be
made:

It is assumed that a propeller creates a "slipstream" of the
cross sectioml area of its disc, i.e. ND®* with a linear
speed equal to the linear speed of the C5 propelier blades
in the direction of motion of the ship.

This is o working assumption and not s sclentific fact! However, it nllows

the phenomenon of Sllp to Ye explained and understood as a simple geometric .
property, altbough, in actual fact, it is a very complicated thing.

o

Apparent slip then becomes . o Ao T or expressed as a percentage
of BN = PN - 101533 .V
app. slip = x 100%
: PN
Weke: The wakespeed is the difference between the ship speed V and the

intake velocity of the water into the propeller disc in the absenne
of a propeller.

It is largely detormined by length and fulness of the hull,

The main component of the wake is the frietional wake, i.e, the water that
follows the ship aft due to an advance motion impatted to it by the passang
ship through skin friction. :

A large merchant ship with considerable skin friction might have water passing
the propeller at only zbout 65% of the ship's speed, whils the two sneed-
could be almost equal for a fast planing hull,

Betwoen these extremes, allowanees have tc be made for the influence of weke
in reducing the speed of adwance of the propeller, V a*

Wake sPeed 1tself can be expressed as 2 percentage of either V (ship speed)

or V. (speed ¢f advance), Froude did it in the second way, while Admiral
Tayl8r choose the first, which is normally now ux2d as it is found more
prastical in view of the fact that V is wsually knogn whereas Va is an
unkflown quantity.

V =V
The Taylor wake fraction is expressed thus: w, = = givihg
; v
v d
V, = V(1-w) and  V = =
(I"Wt)
St = E R = o e R
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: Vv ==y
In the Froude notation: W, = . resulting in
V. . Va. :
vz = and Vo= V (1+w)
1+ wf)
, : w, W,
It may slso be noted thet wf = - and wt =

If either wake fraction is known or used, the other can easily be established,
v - %

Sometimes wake is designated by the fractiom _a. = (1 - wy)y and Phillipe-
v

Birt gives a Nomogram on this bases which might be useful (see appended surve
shasts). The Nomogram has been extrapolated for the somewhit 1ower speeds
normelly found with fishing vessels., For a 20 fi, hoat at 15 knots, the
nomogram yields Va/V =0.9 = (1 ~w,) . This méans aw, of 10% .
Similarily e 30 ft, bost at 8 knots 1f indicated by Va/v & 0,835, giving &
w% of 16.5% ., %he nomograd seemo useful for med.ium siged, mwedium speed
oraft,

Another way of obtaining good values for wake fraction will be treatad “\elow.

The only my to obtain & oonen't valug for the wako fraction of a hu’ll is by
running careful self propulsion teests in » tank'

PH - 101.33 V.

- Real #lip ¢an now be appraised as R or
e PO
P - 101.3ajw1 - “’z)3
PR

Propsller Notationp

?fogeller data is usually presented in two forms:
For design purposes: In terms of cf and Bp values

F’r'apeller model data: In terms of J, K, and K, values.

| e
The mftw mm- J = Speed coefficient = —— whers v = speed of advance
. | nD in ubity system
(ftv/@acc’ ﬁ.f&i&ﬁ«» ::
and n S vevs, per segond
K, = Thrust cosfficient a ' whers T =thrust
: t g“LD‘f Bﬁu.n.ma@r

n=Teve, per sscond
Q mans density

~ = Torgue coeffTicient = 'é"'.,_—:'p'g- whers @ aTorque

(!

Efficiency then becomes —ionk Gone . . v ox Ke 3
slenc; ; work supplied (2 o 2w Q 2 K
LU

This is applicable in 8l] umit systems!
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Degign or selection data:

B_ 4 the power absorbtion or loading cém"im% was introduced by Taylor
» B VsHP = N ' T
v

VAZD

; : a KD : 3

cf y the diameter conetant = _V‘_- « Observe that J‘ is the inverse of J
: B - a . 3 3

fd 1 - 101, 33

When selecting a sorew, one normelly knows the powsr to be absorbed, the
propeller rpm and the speed deaired; furtier details, such as blade thickness,
blede area ratio, and sometimes even number of blades are geherslly mot
known at the outset. To help the boat designer in his task of selecting

the right screw, Taylor has presented a large number of propsller series

in the above datas the more well known Troost propellers are also presented
in the Taylor notation (see graph sheet appended). ; .

All these curves are drawn on a base of B values, to an ordinate of pitch
ratioes and for varisble & values and ° efficiencies. '

Tables of the Troost seriés are available for 2 = § bladed sorews and dise :
area ratioes (DAR) of 0.3 =~ 0.7 . : ‘
developed blade area DA
disc area or 108 5 ' :
: & : |
The most useful Caterpillar propeller calculator is based on the Troost
3 bladed screw of 0.5 DAR, the B 3=50 propeller series.

Disc area ratio is simply

Barnaby giv'esh. table of useful propeller data in his book, the table '.
being appended to these notes. s ‘ L

Full propeller data on the Troost series is available in van Lammeren's béok:
Besistance and Propulsion, and in a number of other works dealing with the
theories of resistance and'propulsior._r of ships, o

The requirements for a good fishing boat screw are now examined a bif more
in detail, ; : :

From the earlier assumption of slipstream (being a colum of water of the
propeller disc area cross section) it becomes evident that the bigger the
propeller diameter, the bigger the volume of water in the slipstream for

a given r.p.m. : , i :

. We oan therefore tentatively say that as large a propellsr as possible should
be fitted. There is, of courss, a limit propeller diameter for optimum
efficiency, but it is generally true to say that a large diameter would
increase efficiency, definitely so if accompanied by reiiced r.p.m.

In practice the optimum diameter can seldom be utilised dus to reotri .

in propeller apertures the above indicates one .of the main reassors wii
trawlers should be deep aft - to accommodate the optimum propeller diameter!
The variation of propeller efficiency with diameter may be seen from the curve:

1% '
70 5 S - 3 L PR

‘o S ‘Ja et

-

50 S AL
N\

2.0 15 3.0 3.5 :Dg-. 4.0

BHE

Wi




i)

For a speed of advance of 9 knots, with 83 h.p. and the prop. turning
at 500 rpm, optimum efficiency would be obtained with & diameter of 3.175 £t
Reduction in D would mean lower efficiency, just as well as bigger D would,
If iV is realised that this graph could apply to a boat in the 38 - 40 ft.
range, it is readily seen that it would be difficult to fit = propeller of

. even optimum diameter (38"). In practice it will be found that propellers
are usually not big enough for optimum efficiencs.

The pitch of the screw is also governing the motion of water in the s8lip=
stream, and it is obvious that the thrust developed is largely governed

by the amount of pitch for given dismeter and rpm, The volume of water ‘
moved may be kept constant by giving a small diameter to a high pitch screw,
while a large diameter screw would get & low pitoh,

This tendency is shown in & graph, showing a propeller designed to give

8.4 knots at 900 rpm with 27 h.p. Beth pitoll and efficiency are, drawn on the
base of diameter, [ 57 : :

_ 0
: —Pn’« : i & 5'6'7 A A propeller of D = 20" and P = 18"
: ’ would produce the thrust and absorb the
2¢ - I? : __‘55- power at an efficiency of about 57%.
| , o With D = 16" and P = 21%, the
23 S E effioiency would be only 52%,
2% : ' R53 ! Reduced diameter and increased pitch :
: _ -tend to lower the effhciency appreciadbly.
g D k59 | “ :
20 - - SL
Jaid - 50
‘% . x : y - 46
‘7 - i i L

A
16112 (3 a8 j s ] . : :
Turning to the slip equation, it will be seen that a propeller with a high
pitch will work af a higher slip percentage than one with low plitche

B3

A% Va of 10 knots, a prop, with 24" pitch at 700 rpm will have a slip of 27.%.
If a Targer diameter could be used, allowing a lower pitoch of 21%, the
8lip for the same speed of advance and rpm would be only 17.% .

1

Thus it is seen that for a given diameter thrust increases with pitch and
therefors with slip. - : ; ; A

If a bollard test is made, i.e. with Va of 0 knote, the propsller will develop
its highset thrust at 100% slip, while if the prop wevrs working in a block
of wood like sn ordinsry wood facrew, slip would be 0, Wut so would thrust,

This looks exceedingly fine - but unfortunately it is not so st alif)

A serew running at very high slip ratioes is producing its thrust at very
low efficiency, i.e. one needs to put in. & lot more power than one gets out,
A trawler operating at low Ya when trawling, hence relatively high slip,
needs practically full engine power to produce the thrust peadsd, 1,e, the
propeller works at low effiociensy, :
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What is reslily required of a good propeller is high thrust at high efficiencw
which means high pitek at low slip! It is possible to get exceptionally
high efficiencies with large P/D ratices, but only with very low slip.

For vessels of moderate speed this would mean to have a large D at relatively
large P/D and very low rpm. Normally it wiil not be possible to get the
extremely low rpm required, especially in diesel oraft, 2g the reduoction
geering would have to be of the order of 8:1 or more. Suck ge=zrs are not

only not a¥%ailable in the market, they would also be extrsmely bulky and
heavy if thev wers,

“For prop. speeds of 2000 rpm abouv; an efficiency of up to SQ% may be expectedy
with 2:1 reduction gearlng this could be expected to go up to 60% 1

The advantage of fitting low reduction gearing to workboats (except high speed
craft) is apparenty caution musi however be exercised to see that the optimum
propeller diameter can then be installed. Reduction of optimum diameter results
in larger decrease of efficiency than using somewhat higher rpm and optimum
diameter. . ;

The tendency is shown by an example:

Speed Gearing D ft, M % engine rpm constant at 3150
10. - 2 5 2.5

10 3l 2.0 65

10 direot 1.1 45

Fortunately for the designer of very high speed craft (semi planing and
planing) thie vexing thing gets reversed!

It would be physieally impossible to fit large, slow turning sorews to

very light hulls of usually shallow draft. The large power transmitted would
- necessitate tremendous shafts and bearings, and it is guite possidble that
the torque produced by the large screw wculd turn the boat around instead

- of the propeller,

Because of the very high Epeeda at which such boats operate, it is possible
to fit small diameter screws running at very high speeds, without slip
getiing too large even as very high nitches are used. This becomes under—
standable when looking at the slip equation!

One of the world's fastest boats with 1,200 h.p. englne running at 3,200 rpm
uges actually a multiplication gear of 3:1 and the propeller of 13.5" diameter
and 25" pitch turns at somethlng like 9,000 rpm!

.Boat A B Blue Rird I
Engine power 100 -100 s 19850
Tpm , 3, 000 3,000 3,150
Cear 2:1 direct 1:2.85 (mult )
D : : 1 : l.4 peakifiod
P 21,42 , 262 e
P/D - 0.835 1:57 1.46
v 16.2 52 , 141.7
Slip % : 2 e dgaa T 1
qz % : 65 T0 12

For A and B is seen that the incresse in speed for a given power lowers

the slip , even considering the greatly decreased D and increased P and

higher prop. rpm. The matter is even more striking for Blue Blrd,'Operatlng
at the very low slip value of 7%,

It must be borne in mind that all this only works at the top Speeds indlcatedgb
at lower speeds, both B and Blue Bird would of course operate at shockingly
low efficiencies. : ‘

<
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Barnaby suggestq the followxng limlt crlterlon for thrust 1oad1ng to be
outside caV1tatlon danger: ‘

ol i ~ To establish safe limits .
6 = = : _ of thrust load for trawlers,
2

g ’v/w‘y / ' it is suggested to establish -
- . the values for static thrust

— o ~ i - loads, i.e, the loads imposed
\ov - : s on the blade when running at
”,,r" - : 3 - : - zero speed of advance, This
e : : ‘ “would ensure safe loading figures
for trawling at low Speeds.

5 1D Vu‘-w-
Barnaby also suggest a formula for the establlshment of statlc thrust, viz.

ST

Té in tons_ = 0.028($,HI’fot )2/3

SHP o be used here is of course the power actually devel oped at statlc thrust
conditions, Normelly this will be the power developed at perhaps 80% maxlmum
engine rpm, in case of a fixed pitch propeller installation.
In such a case only a reduction in pitch could ensure full power output and
absorbtion, but this would mean lower efficiericy at higher speeds. i
The controllable pitch propeller solves this difficulty, by allowing the blade
pitch to be adjusted to the operating condition, i,e. at constant rpm, the
pitch would be high for free running, while it must be reduced for towing
~work., At the same time the controllable pitch propeller is an excellent helper
_ in manoeuvring the vessel., It hecomes increaslngly popular now in trawlers
of even large 51ze. :

The Caterpillar prOpeller calculator suggests a safe blade loading of 8 lbs./in $
any higher value should be corrected by an increase in blade area. Comparing
this with Barnaby's-ocurve, it is somewhat on the high side, except for .
fast vessels. (American fishing vessels are normally faster than their European
counterparts, due not least to the‘praze for very high power engine installations
‘in the u. Seh. )i

If the thrust~loading figure suggests a critical condition, the blade area
of the propeller has to be increased. This is best done by increasing the

- diameter, if possible, in view of the above, Under special circumetances it
might be necessary to use wider blades (higher DAR) or evan higger number of
‘blades (3 instead of 2, or even 4 or 5 instead of 35

More detailed information on. the theory of sorew propellers will be found in
any standard text book on naval architecture, for the purpose of small craft .
design work the bocks suggested in the appended list 6f reference are racom~
mended most. Traung's article on Selection 6T Fropellers for Fishing Vessels,
as distributed, should be carefully read and digested, ae it gives a very
useful progedure to follow when seleeting Propse. for trawlers and othcr heaty
duty vessels, S
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Interaotion between Ship and Propeller

Se farxr hull resistance end propeller performanoe wers conaidarad entire;y
separat, i,e. the hull without propeller, and the propellar without aet\ng
on a bull, or, as the terminua tecnicns goes, in open water oondition. .

Unfortunataly the interaction of propeller and huill. 18 of an, oxtramelx
‘complex nature and obly the rough principles can be treated hsro.

The propellser affocta the hull resigtance mainly by its suotion; resiatanoe
is alwo affeciee of courae by tha radder and other appendagea.

The hull heara on the. performano¢ of the screw maznly due to its form aad the

; cfi)
With a hull is iewt& in & tank witbout prOpoll&r h* ¥ kno&ug the totai
yusinstance will be R. If the same hull travels at ¥V knots sel? rropelled
{1.6. with propeller werking behind the hullj, the yesulting thrust of the
prOpeller wii‘ not eguel %, but will be somewhat larger, the® diffsrerce
‘T « R being the additiore r@eistanoo caused by the prapeiler setion, :
This intreduces 8 now factor into the play, the thrust de&uction faatax.-

TR 22T ",}oz? R =z(-4) A
(L -~ %) is known as the thrust de&uction factor; and as the thrms% &eduotion
cocffieient.;\‘ : :

el

unus the resietanae R of & towed hu31 must bo multiplied by TfR or divided -
by (1 - t) to obtain the total resistance of ths selfl prapallad bull, or
the. thrunt notd*u to travel at speed v knota.

As the pwapeller is warking at a speed of V ‘knots behind the ehip as if :
working in open water at V knot® (provided® the wake is assumsd to ba
constant ), thrust, torgue &nd Power sbsorbed will'be as for a serew operating
in open water st Va knots, V_ follows the relation V, =V (1 - w,) as meen
previously..< : > :

Pox thrust T and P pewer absorbed at v knots, the propeller effieleacy oan
be written as

'70"‘ = ;T_.x_‘_ri.‘ 5 this is known u't‘he Ope'n Water éf‘:r.i

: : : Po
T x Ve ia tae uaeful work done behlnd ths vbasel or in open water and is termed

| ,Thrust Horse Pcwar, or THY,

The thrust T pzazgaed by the pr0peller ie applied to the ship at the thrust
bearing at a speed of V and not Va. Thus the work dene at the thrust besring
is T x V, and the ratio V/Va then represents the improvement on output power

. over input power due to the wakestream. It is known as wake gain and means
. the work done by the wake on the propeller,

The wake is normally not un;form over the whole disc es assumed, but varies
considerably, The variation factor to indicate the pawer required due

%o this wake variation in the iroubled stern waters is termed relative
rotative efficiency "Zr or _PO/P . Thie is normally very near unity and

" oan be neglectad,
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Three major effects of 1nteraction have been considered so far;
Thruet Deduction, Weke Gain and Relatlve Rotative Efficlency.

They can be oomblned Jnto one. equatlon? representing the whole propul sion
complex of the Bhlp under consxderation: :

extracted-

»EHP fy T R/T x v/vaL x P/P ot of Anis the fonowmg are

g/w x VN, s termed Hull Efﬁcienc; VT and can also be written

- =t
; : ‘ & 5k h = (1 s w’t )

the equation then becomes: ; 0 o
'EHP ‘ %xP x (?h x "Zr . Mo = open water efficiency -

MNus bull efficiency
42*,relative rotative efflclency

Wp caﬁ horm;aily be Aeglécted, and ’m,, is 4hen also the ratio ﬂ if

~ both refer to the same condition of the hull tested. - THP

Model tests are normaiLy Tun ?or both without appendages due to the dlffwculty
with boundary layers and acule effects if appendages are introduced,

. The Propulsive épefficient

obtaineds : _ i e

. As the power output flgures for small diesels are not normally ébsolutely
~ trustworthy, a number of allowances and assumptions have to be made by the

“For a diesel powered vessel this can now be written as Sl o8
. ¢t ks { S
- - -
e e |
PC = ‘ : o
gEe .

It will be observed that there is no allcwéncé for aﬁpendage résistance, air
resistance and transmission losses in this expression. If all these are
taken into con31derat1on, the ansi Pr0pu131ve Coefficient, or QFC is

Bare hull EHP + Appendage EHP + Air HP
Delivered HP

QPC =

Propeller selection for small fishing oraft

The small craft d351éne: is ndrmally faced with the problem of seleeting
a propeller for use with a definite engine, giving & set amount of h.p.~
at a set rpm.

designer based on his experience, and it is not surprising under these
circumstances, that even the most elaborate_computation of propeller size
does not absolutesy safeguard ageinst surprises! A great element of doubt is
brought into the calculations as outlined above, cand it is usually permissible
to use shortcuts and simple calculations to arrive at a suitable propeller.
The theory above is given more to assure an understanding of the issues
involved than to be meticulously applied when calculating propeller diameters
and pitch for a given installation, :
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/B Waterlmne length lelded by waterline beam\

/

Th1s ratio has a considerable bearing on\the statical stablllty of the vessel.A
Very low ratioes would indicate a boat fully form stable, while high values
would mean that ballast would probably'haVe to be added.

In terms of influencp on displacement, 1/B would generally be lower for ;
shallcw draft boats and higher for deep boats,

For very small, fully decked boats, it is foand by ezperLence th¢t the rise
in C% with low drafts often offsets the gain in BM due to the ]arge weterline P
arens - ballasting becomes necessary there. :

U”t Wl Tanges of values of L/B are:

Length_grouﬁ - _Shallow draft boats ' Deep boats

101 = 25 2.6 = 2.9 P 3.0 = 3.2 : -
25'— 35' s 206 oo 300 i g 3.0 e 3-4 //"

e e = aigc 8o - 3216 /

5" v 70' ; ; ; 300 o 3-5 ; ; : 3-3 g 308 ] =

10t = 90! 3ed = 3.7 ; 3.T = 4.2

).

' Caution: These values are only guide lipes! It is 1mpossible to demarcate
shallow draft and deep boats Tompletely, and the range of values
meraly shows where a majorlty of tried boats would be placed.

B/T Waterllne beam divided by mean draft (draft amidshlpa to rabbet 1£;e) ot
s : o

This ratio is of some 1nf1uénce in determining the range of dlaplacéggnt for

a boat with determined L/B ratio. It is not easily poszible %o . 8ive & table .

of ranges for this ratio, as almost any reasonable figure betwaen 2 ynd 4 is

--possible, depending largely on the type of vessel,’ the displacement wented

and the prismetic coefficient and midship area adopted,

From a number of model tests it becomesevident that a high B/T is required : -u

(over 3.0) to assure low resistance, i.e. low draft is preferable. Thig i

' raquirenent is in conflict with the need to accommodate large diameter nropellers,’j

and ‘one compromise resulting is often very extensive rake to the keel, this . he)

also resulting in the deairable feature of brlnglng LoB aft of midshlps. = 2
P % / = ; s

5 . : . K 3 75

L/ys 1 Waterline length divided by Bhe cubh roct of the d‘w‘;apiacemeni volume

This ratio is very indicative of %the relat1va llghtn&qz of “the boat for a glven
length, Generally speaking, low ratlaes mesn heavy boata, while hiah ratloes : 1///
stand for light boatas. : 4
As hsg been seen in Part 11, l,v73 i's a ratio of some impa tance 1n @ﬁde’ testing

. work and when comparlng model results. :
&n attenmpt is made hers ¢ show rangsa of QAV% ratio fgr v;ri»as 1en?th oi baat
£nd relative heavynesuy
Tength{wL) : S Tight oat Medium boat , . Heavy bg‘;»g-g :
- Lo 3{"‘! : 3‘5 —6‘5 £ . 405" o f‘-- 3 *zo ; - <’1 J‘t -
30! = H0! 5.5 =6 G FeilleS A 4.1 = 4.5 '
9G* = To¢ - A5 = 5.5 4 40 3.7 =4 /
f(' : 31034 10,; e 3 8

e 9’C' 4';’“ 5 5 3".‘:9*
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These 3 ratioes must be used in close connection with each other, ¥

The foJTowévg

. ' o 60)
& s : / :
It should be borne in mind that L/y's retio can vary consid
when investigating light and 10 ded conditionsi

out mein dimensions for new bosts, it will be seen that they interdepend very

1engTh and draft and to ordinates of bezm and diaplucement volume,

les gontain ratloes fnr &

. - g 2

The brxﬁmatlc b@e figient 1? and the qush1~ Section Ares Coefficient Cm

~influsnce on the resi
‘to be good policy curing the initial design miage teo adopt the optimum pris—
i.e, a value in the nelgﬁbeuraenﬂ of @ %75; other considerations than

-might meke it'n

_ ) VA
\{) =

In part 11 1% wis en that th& r;ﬁm&t;c kws considersble, if not deci

bange ;r«nvrtlﬁs of z fishing vessel.

it would geem

matic,

those dictated by minimum ves stsnve, =much ncre iged carrying capieity,
Crasak '~ag4fzgure atsr. 1% will hardly be

necesepry Lo decredcs rom hne Gpli mwm‘

Once [/By B/P and f‘vV;,fe fized, the prismatic hﬁﬂames the dsclsiva factor

in Tieing tis mxu&ﬁkp-ﬁection sred. From the definition of prismatic coeffi-

w—“ﬁ*!‘“"‘z;“’ ':-:,;;

cient zn fart I, we know that it is displacement divided by the product of
waterline length and maximum section ares, Maximum section area normally

osours at or near midships (for fishing vessels almost always somewhat af't
of midships), and is usually very nearly equal to midship eectlor ares.,

saction area caef fivient Cm is used heré-

-much, The graph on page 61) gives = range of values for all thres, based on -

WMyxmrmebwm

hen'wﬁrkxng

- To show the interd pendability between prismatic and sec*ion area, Tthe midship

number of boata-built and préjected.

Built hoats ; S A -
Type wl oyl ¥ T L/B B/T L/v‘h
Fablo 21,6 6,3 a1 Iea b3 N1 4.8
o5 . 21,0 7.0 0% 1,67 Y29 419 5.8
: v > e G
30 ft. 28,0 7.4 L6 Ak Y 5.1:)"-_
Allea gt 02813 5.0 205 b Bl A0 4
Pishtech IT 8, 61 ?97 ey 3.3 '> 990 4,98 ‘(F‘mt%i}
Projected bosts
Type Iyl o B v o L/B Ay Lty
32 - f4, : >8, geght ooy a2 303 15y a6l e
36 £%. Trawlers 33 4 £ 375 . 197 3,48 460 B
- 49 T4, Bembay A6 13 085 : 3.4 3,07 4,41

L/B fixes B  -= B/T fixes mean draft Tm ~— and L/V'I: fixes d;.splacement
e o : volume,
o ‘ A : - .
For a midship Bection ares of Am, : Cm =-B i Tm <7 1;\

w = l_fii;:f¥ Q?

7

L LAAL LeB <1 % Cun

Ory 88 —— = c(- or Block coefficient, Co =

C
:é:;
LBT - e

A

—?&:/-.‘- LN



ik *\\\ Ss3 ;
o+« AN " - s

. A ‘G
S99 & 5§ 9 ¥ w8 o © 0 0w I W o



¥

- for larger boats up to ?pout.15,ft. ;
i1

62) |
\.
S \\
Thus Cm is fixed also, if all the other ratioes are fixed! It is well to |
remember that Cm has a decisive influence on the underwater shape of the ' 3
vessel and as such is also an important factor in coneiderations of more :
or less wave making resistance. It was earlier said that wave making resistance f

is due to the ship bodily moving away water; from this it could be_easily
fo! ‘me: that small .0m would be associated with relatively lower R, » while -
high %=, 14 also aoccount for somewhat larger ﬁﬁ.

As & gu. ¢ *o its importance, it is well to think of Cm as representing

the foi o= .y basic section shapes for given B and T and for a range of values:

———— P

| L _ = e e )
i \ = ‘ .
o , ::::\"*5\\;:>\\ i ii::::;::j:: o —_—— 075
e o |

‘r i

= s e o.-f_

" "Rounding of the bilge will of course somewhat lower these values, but they are

well worth to be kept in mind when settling on a midship section in the
initial design stage. : : :

~ The table on ﬁage 63) was compiled in an attempt to show,how changing ratioes

affect the final vessel, and it will slso serve to show that by no means any

- combination of ratioes is going fo produce 2 useful hull.

In the table, a boat of 40 ft. is considered, with L/B ratices of 24715,
3.0, 3.25 and 3,5; B/T ratioes of 2, 5y 3.0 and 3.25, at L/Q'3 ratices of :
3.75, 4.25 and 4.75, each at a prismatic of 0.57 , 0.60 and 0,63. =

With ratioés“and coefficients fixed, keebingu?h mind the physical properties
required of -the boat, the first lines plan has to be attempted.

First Draft Lines e < . i i

These may be drawn with only a few sections and waterlines, to give & reasonably
accupate ide: of the shapes and the volumes and volume centres. These lines '
will sexrve well to check on the displacement of the vessel ag compare: to the ' f
weight arrived 2t in- the preliminary weight check, 25 well as giving an indi- b
cation of the statical stability propertiss. It is very easy, and quickly done,
to calculate a series of BM values for these first lines, to assume various
positions of VCG and to ckeck on the GM resulting, It is not possible here

to give any ruling on the GM minimum that hzs to be maintained, but it would
seem that 20" should be sufficient for boats up to about 35 ft., and 24v - 3om

For the purpose of the Tirst GM check, the KG can be taken at approximately
0.775 D for boats with no or little superstructures, and at about 0,825 1 for
those with full decks and deckhouses. D in this cass is measured from the side
of the deck amidships to the rabbet line (or from top of topsides in rrus of
open veassels), e : : '

%he firet draft lines will also sexrve as a bise for ® draft genars’ %rfangement -
(in the case of bigger, more complex voseels) and & draft construetion drawing.
It will be well worth while to assess the approximate power requirements of

the vessel at this stage. This can ke done in nunercus ways, and the tadble

on page -64) will be useful Tor ihe purpose, although perhaps givihg values :
slightly cn the low sjde for heavy fishing vessels, If any model results of -l
similar vessels avrs avallable, full use of thees ghould be made at this stage,

-

' A gquick propeller ozlculation for ar Sphioum serew at full power and meximim
, proy : ) I
‘speed, with the help of the Caterpililer

1
e lteulator or a. set of R ) é‘ curves
: b e : :

-
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:x:_ﬂhnv whether the draft if* contemgiiuva will accommodzte &n optimum !
: dlamete“ propellers it might become necessary to revise the draft drsstically
as a result of this. The whole balance of vatices might come loose and new
main dimensions might have to be flxec o

The first powering estimate and the roush propellier cvaloulation will also
throw some light on the gusction uf which reduction gear to adopt for the
boat!s engine, ’

It is on these fxist 11ﬂee that such 1mportdnt details ds. freeboard, deadrise, .
flare of forsbody sect*ons, sb&pe ef stem end stern and rake cf ké&x are -
~decided upon, : -

i ' : -
thle it is qet‘the'pmrpese of ithese notes to give detailed scedunts of how
to actually draw iir and other plans, it is nevertheless ewportaL, to
remind the reader oi’ {ke importance of accurate droughtsmanship throughout.
The success 'of the new vescel depends to no emall extent on the slever chnice
of dimensions and ratioces ¢ nl their acourate. lnterpra ctlcn in the urﬁw,nfe-

B

Pirst ohecks with draft lines

,Possfbly the most important check {o be effected with the help of draft 1ines
and a draft general arcsngement 1s the balancing of weighte. :

It becomes very important %o ckech and recheck throughout the eeeign whether
the contemplated arvengement will result in & balanced hull or whether

- substantial trims will occurs To do this, it is suggested to draw up schemetic
balancing ‘diagrams as shown on page 6) fores 32 ft. vessel, :
A number of important assumptions have to be made here, such zs fixing the
pogition of the ICG of the hull weight, and the bull weight itself, ' "
While the CG of a wooden hull of medium size is normelly very near to its
midlength (perhaps 2.%% forward or aft of it, mainly depending on the position

:_of superstructures, and the existonce of exessive overhangs), the estimation

~of the hull weight is not o easy for the beginner, The best chances for hitting
& reasonably accurate figure are. obtained when accurate bull weights for a number
of built vessels in the same size group are known, *

It is usually possible to assess the weights of mejor.ltems of equlpment correctly o

- at this stage already. .
If the balancing calculation is done with the maximum of care and accuracy, it
will be seen that only minor adJuetment will become neoessary at a later stage.

'~ Note Once the arf. ngemen of main weights ie fixed, the ILCC position relative
~  to various ‘cad oenultwons determinee largely the position of ICB for
the correaponaing displacements, :

If no equitable compromise establishes identity for the two centres,
mejor weights will have to be shifted, the lines adjusted or ballsst
introduced to minimise trims, .

In the worst cases & radical change of the underwater shape might become
necessary. ' e

Another check-that should be made here regards Tonnage Regulations. At present
there are no fonnage Tules in force for fishing vessels in India, but it is
. likely that the future will bring the recognition of the 12 corrected Gross
Tons regulation for fishing vesselsd operating within 7 miles 'of the shore.
The regulations and the procedure for calculating the corrected G.T. of a
new fishlng vessel can be obtained from the Mercantile Marine and the resident
ship surveyors o{_Government of Inqla. - .

Construction Drawings

‘The nezt step_is'the preparsiion of detailed consgtruction apnd nrrangemept
drawings. It is suggestéd tc commence this by first tabling the main scantlings



2
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of the vessel and then drawing a large scale section or two, show1ng all

scantlings to sczle,

In the absence of any universally applicable gystem of computing scantlings
for wooden vessels, much is left to tradition and usage when deciding on the
timber sizes to be built into the vessel. A lot of informetion regarding
gcantling of wooden boats is available in Pishing Boats of the World I and II
(to be issued soon), and it will be well worth to study the various tables ;
given there. However, it must be borne in mind that almost all this infor- -
mation refers to timbers not commonly in use in Indi=a.
here make it often possible to use somewhsgt lighter scantlings without
sacrificing strength of the vessel. Another point to be kept in mind is
fact that many of the tébulated scantlings refNer to vessels cperatlng undar,
Very severe weather conditions in the North Atlantic or North Ses, '
built in Indis will not have to sustain such heavy weather, alt uﬂu&h tkaaa
on the Eest Coasnt esneclalTy have to put up with fairly heavy seas Bt timen,

A few nnsic poiﬁiﬂ should be kept in mind when féxing scantlinga 2

construstion plans .

longitudianl strength: Thia is given to the bost m“irlw by menber s
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Whether or not to use bent frames is & nuestlon qnqwared often only by the
boat building skills aveilable. In India, where bhoals ares often built with .
primitive mesns by unckilled carpenters, the use of sawn or grown frames has :

- many points in i%& favour. This applies more partioularily to bigger boata,
~ Also it may often be possible to buy eroocked timbers very cheaply, thus

offering an economic advantage over bent frame construction. -

. However, bent f{rames are greatly favoured on the Malabar Coast now, while

most boats built on the Konkan Coast are built over sewn frames,
Both methods areg used on the Koromandel Coast and the North Circars.

It is unquestionable that a boat built on bent frames will be somewhat lighter

. and will also have somewhat larger inside volume than one built on sawn frames.

Fa\tenlnga-

Black iron fzstenings should be ev01ded whenever posnxble unless they are
completely sunk in the wocd and effectlvely protected against oontact with

sea water,

The sefest fastenings for troploal waters are no doubt those of copper and
alloys like Monel, Brass, unless of very superior quality, should a}so be
avoided as it tends to become spongy and brittle. 2

Hot dipped galvenised iron fastenings should be progressively used, eSpeoially
inside the hull where there is little danger of direct contact with sea water.'
They would result in- considerable sav1ngs in cost over copper rod.

Note = It appears from experience: that galv. iron fastenlngs deteriorate in

Aini wood!"They are very sound in Teak, however. This phenomenon is
not sufficiently well studled yet to reach any conclusions as to:the
_.possible reasons., :

e
i

- < -

Thig compilation of notes not belng L) oompendlum on boat buildlng practices,
this may sufficey it may perhaps be possible at a later date to issue furthor
parts, dealing with detail questlons of boat buildling pract1ce.

It is usual to ahaw the constructional details botb in proflle and plan view.
The profile drawing is most conveniently arranged =z a longitudinal section
through the centre of the bost, while the plan may be arranged in two halfsg,
one showimg the under deck constructlon and the other the deck beams and
carlins.

A number of sections. trangversely may be drawn, especially with bigger boats

with complex internal 1ayouts, to assist in the efficient plannlng.of arrange— -

mentc, cebins, engine rooms and ‘holds.

.

#eight Galoulation

After completing the construction drawing and drawing up the arrangement plan,
a carsful welght eutlmatﬁ hag to be made before finalieing the lines,

‘t is most convenient t¢ do this in groups and in a tabulated form, to obtain
both the longitudinal. e vertical position of the CG of the ship.

For vertical moments the baseline is & convenient reference line, while

- longitudinal moments sre normally computed with reference to midsKiés,

[ e |

Aty ltﬁ’k‘ﬁoin? into the construction, and all pieces of equipment have to

be included in tne Weléht estimate.

A convenient tatls for this purpose is lald out on the next page, also

showing the @ s "Oups to be treated.

vnen all wei ™. ire grouped and summed. up, it will be useful to draw up a
eigzht summers for a number of loading condltlons to as¥yiwt in determining
the static stiuility for vach condition.

Came
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such as ICB, KM ete. e

Useful oodditidns to investigate would be:
I) Empty Ship: All.eQuipment,on board, no liquids.f

11) Ready to go to sea: All tanks full, fishing gear on board, ice in holds =
i 2 crew and effectS‘and_stores. :

. III) Pishing: Tanks balf full, hold filled to half capacity, wet

G . ‘gesr on board,

IV) Returninggto_porfz' Tanks 3/4 empty, hold 3/4 full, ice 2% used,

wet gear on board, stores‘spentr

s Unloading: -  Tanks B/A'empty, hold empty, 20% ice capzacity on deck,

. wel gear henging or on deck,

Any condition constituting a particulsr operational instance for the ship mey
be treated like this, The summery presentation will give a good jdea of the

~shifts in 10G and VCG to be expected, reflecting on changes in trim and giving

a-clue to the stability proper@igs tc be met.

7V1ﬁ'this condition it must be well remembered again that any condition trested

represents one, cnlz‘one, displaoemeﬁt and & set of hydrostatic particulara,

Sl

Final Lines . L s Sl : '

Final lines are prepared when the demigner is satisfisd ihat the ship wili

_ behave according to his predictions., 4n effort mist be wade to obbain centres

corresponding to the ones required by -the various weight summaries, Should
tkis not be possible in the first instance, it must be meen whether minor
changes in the lines will bring the necessary agreement,

- .Small changes in fullness either forwar: or aft, -change of keel reske, chiryws
- of position of maximum area section can have considerable influence on ti:®

hydrostatic properties of %he ship,

' These changes do not normally affect GM, unless they are large, or if the

waterlineares isfsubstantiaily~ohanged,loeé11y. : -
When the lines are finalised, -it is good practice {0.drew up a2 set of hydyo=

. static curves immedisiely fon‘réady'reference.A These may comprise a displace-
ment curve, ILB, KB and BM curves for small boats, and such items ng s BY

and MPI curves for larger Vesselsg Trims and Gﬁ'yalues for'any,weight'condit;an

Gan easily be checkeec with thege curves, T ~ =

Note Whenever a boat is built, the hydrostatic curvés should be corrected
and completed by inserting t#e values obtained from full scale trisls.
and tests, Especially inelusion of actual GG positions will be very:«
helpful in future designs of similar ships, . el

" Sample ﬁ&drostatip;curvgs for a small vessel appear on page 70} 2

"The next importént step is to prepare an accurate table of offsets for the -
_boat. The offsets should fix all points in the lines Bian vertically and .
transversally, while me=surements on the linea plén,- or a special measurement
drewing should fix them longitudinally, A1l these measurements are very impor- °
~ tant, as the ‘builder uses them to prepare his moldloft drawing of the boat

in seale 1:1 . Suitable reference lines for the offsets.ara.the~baselihe or i'
DWL for heights and the Centre lLine for half breadths. : T

-All measurements such as spaeing ofesections and waterlines, ovafali,léngth,

R T

waterline length, max. beam, length of overhangs, spacing of huttocks;‘fixation' *.

of diagohals etc.should P& available from one of the drawings,

- A sample offset table fo: a 25 ft. boat appears on page 715,

e
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0ffset ta’bles should be corrected when the first mold 1oft dramng _‘
- has been preparéd to take care of any sma.ll errors that might ha.ve et
crept in! i e S - S e :f,_']

o '1ete the design of & new vessel, 11; is good practme to ma.ke a detail e :
ng of‘ ,the keel, stem and stern assembly fmr the guidance of the bui;der.ﬁ e e

;sméll seelo pmofile-ana dedk plan drawing, giving a1l the details of deok

gear amd rigging
l d "ai s of fbhe vessel,
ﬁ?‘ho bﬂilt ino Ly
what equ.xpmen_ will be su.ppliéa
i_e,,v to be suppl ‘by the buﬂder. _

. is better to
ot ell, o

=








