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1 Introduction 

In the course of research and development work on the design of 
hulls in the R.A.E. seaplane tank en examination has been made of the 
methods of determining the static buoyancy and flotation characteristics. 
A graphical statics method has been found very usefil which is not novel 
but is not widely applied in this country. It is considered to be as 
aocurate end ta give results more rapidly than the more arithmetical 
meth.oas. 

A description of the method is given in this report, 1.t is 
sllustrated in detail by en example of its application to the design of 
fioats for a smell twin float seaplane. No particular merit is claimed 
for the floats in the form used in this report, their lines being based 
on flying boat hull design. Relevant details of the seaplane are given 
VI Table I, end lines ena aunensions of the floats III Figure 1. 

2 Nethoa L=la Desi~ Cases Considered ----.I -_.. --- ..___- _;.-_-- 

The method consists generally in aetennining the buoyancy, moment 
of buoyancy and cm-we of buoyancy of the float or hull for a series'of 
mater lines chosen to oover a W&Z range of attituaes snd drtits. The 
whole aetcnnlnation is sholm graphically after Bonjeon's method so that 
the distribution of buoyancy is immediately available for any required 
water line. New various methods of obtaming the area end first moment 
of area under a ourvc arc pven, thu usefulness of eaoh appending on the 
available ant2 ana instruments, es well ds the ooouraoy required. 

' Knowing the 'basic buoyancy characteristics, the selection of'sny 
two conaztr?ons from C.G. height above step, c.r~ alst0nOe forviwa of step 
and attitude make possible the determination of the third by a simple 
grdphioLal method. The corresponding draft and centre of buoyancy an? then 
‘also known. 

From th3 location of the float or hull relative to the aircraft, 
then the aesim conditions apropriate to full engine power under dis- 
placement oonditions con be examined. Those ohosen zre, 

(1) effect of thrust on attituae, both for the static equilibrium 
condltlon Lmd $pmmu2 case (su&ienly appalled), 

(2) effect of thrust et low tzymg speed, 

(3) effeot of torque on angle of roll. 

All those estlrnaten ore mudO @zphically, results being tabulatea. 

For praot22d. purposes it is convenient to express all forces in 
terms of the equivnlent vol~ne of Irater rvhioh has the scane %rerght, taking 
the weight of a cu.ft. of freshT>e.tor 23 62.5 lbs. This avoias eny 
confusion of units. 

3.1 Distributzon of buoyancy 

Themcthoa of dotermining thL bnsic oharsctcristics of buoyancy , 
in terms of attituac and draft is thzt sue to LiOnJWm, descrq7tlons of 
the method are given in refercncos 1 to II-. 



The variation of cross-sectional area with draft up to full immersion 
is plotted for each of a series of sections on a side elevation of the hull 
or float. Area is plotted pardllel to the keel, local draft is measured 
nomal to the keel with zero at the locsl keel. 

The variation of area with draft for a typical section is illustrated 
in Fig.2, where F, is the area at draft s. The areas oan be found by 
use of a plsnlmeter or analyt~0ally. The analytical derivation is given 
in Table 2 for the stations numbered in Frg.1. The results for the different 
stations are given graphically in Eg.6. 

The results for all sections are collected. together in the Ronjean 
diagram in Flg.7. The same scale is used as in the derivation in EY.g,6. 
This is the basio figure from which the distribution of buoyanoy for any 
possible oombinations of attitude and draft msy be obtained. 

3.2 Distribution of Buoyancy for given Water Lines 

To obtain the buoyancy distribution over a required range of 
attitudes and drafts, oonvenient water lines are drawn on a side elevation 
of the float in Fig.6 dram-~ to the same scale as in Pigs.6 and 7. Fig.3 
illustrates definitions of oo-ordinates of the se&ions. The draft is 
measured at the step normal to the datum lme, defined as the tangent to 
the keel at the step. The attitude is measured relative to the sane datum 
line, positive nose up. The reference datum point at the bows, F.P., is 
defined as the intersection with the datum line of the normal to the datum 
dram throu& the foremost point in the float. Distances aft of the F.P. 
are measured in the direction of the water lanes concerned. 

The wster lrncs ohosen for the example were defined by 

+ 

-- 

Attitude a0 

a1 -3 

s2 0 

a3 3 

a4 6 
--- _- . 

.-_ --. - 
Dra; ,-- 

a1 -_- 

1.5 

ins. mt --- 
d2 _."___. 

2.5 

2.5 

2.5 

2.5 

LdCl SC *-. 

1 

a3 -- 

3.5 

3.5 

3.5 

3.5 

. 

-.. 

I 
-I 

:ale 
-- 

a4 --.-- 

4.7 

Their intersection with the scotions together with the corresponding 
wetted. areas Fd are shown in Fig.8. The latter are obtained by super- 

imposing Pig.8 on Fig.7. Results are tabulated in Table 3 snd plotted in 
tozms of wetted area against distance from F.P. in Fig.10 for each water 
line. The co-ordinates in Fig.10 are not reotilinesr because of the nature 
of the derivation of the results and also the requirements for centre of 
bwysmy calculations. To faoilitate their plotting a special scale is 
used, as shown in Fig.9. It is there shown hat the axes change because 
draft is measured normal to ths datlsn line, but distsnoe from F.P. 
parallel to the water line. For oonvenienoe the abscissa is given in 
terms of the station number, a scaile of distanoe is provided, and for 
each draft a subsidiary scale is plotted for convenience in the numcricel 
integration. The mntervsls "d-5" used m the subsidisry scales are 
ohosen to suit the nature of the curves. 
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Flg.10 therefore gives the distrlbutlon of buoyancy for the 
particular water ilnes chosen. From these the total lift or buoyancy A 
IS represented by the area under the curve, the moment of buoyancy blA 
about the P.P. by the fwsx moment, and the distance of the centre of 
buoyancy Prom the F.F. "8~"~ by tnelr quotient. 

These areas ar,d fwst momentz may be obx?ined by valuation as given 
3.n Appenduc I, Smpson's Rule, a mctnod of graphical lntegratlon gxven in 
Appendix II or a planunetcr. Tne grnphxal mtegrat.tlon method is ~llu- 
strated in Xgs.11 and 12 rcspectlvcly for are a and first moment, and oom- 
pared wxth the results of the fwst method tabulated 111 Table 4 for the 
water lme a = 0' and d = >.5 ms. There 1s vary good agreement. The 
tabulation method of iip?endlx I has been used for the other water lines 
for demonstration purposes, and the c&xlatlons are tabulated ~TI Tablc.4. 
The stations used for the valuation method are shown m Yig.6. 

Results for buoysncy, moment of buoyancy and centre of buoyancy are 
tabulated in Table 5 and plotted xn Flgs.13, l&, against draft for fixed 
attitude. 

4 Locatxon of Float Flelatlve to C.$L-"ld'iimq 

The followxng method of locatrng a float or hull relatz.ve to a 
seaplane was that used in ?oland In the Experunental Aircraft Workshops, 
D.W.L. (R.w.D.)~. 

In the static condition, for a float seaplane of all up weight of 
A, and distance of C.G. aft of F.l..eyy, It is necessary that for each 
float, 

Buoyancy Al = J/1/2 

Moment of buoyancy = 1./2J+fl 

Centre of buoyancy 8, = &A 

The distances Lw and &A are neasurcd parallel to the water line from 
the F.P. position (see Fig.19). In practice in a float seaplane, the 
floats are normally deslmed for n total buoyancy equal to twice the all 
up wei&t, =.e. a reserve buoyancy of 100 per cent. From the distrlbutlon 
of buoyancy and moment of buoyancy &ve,l m Flgs.13 ad 14, asswung a 
requmed buoyancy correspondrng to 202 lnchcs3 of water, the varlatron 
of moment and draft xnth attitude IS plottLd m Frgs.15 and 16 respectlveb. 

Detennlnatlon of the setting of the float relative to the C.G. can 
then be m&e graphically as follows. 

Plot as Ln Ells.17 the vector distance s of the centre of buoyancy 
from the F.P. pout for the chosen attltudcs of -3', O", 3' and 6'. Then 
If the dutsnce of the C.G. above the step be defflned by propelier 
clearance as 12.4 ins. model soale, and the floatmg angle of the float 
1s sm~larly chosen to be 4', the distance of the C.G. forward of the 
step for equi1lbru.m can be vnmedlately deduced to be 3.18 ms., and the 
&raft 2.93 ins. model scale. S3m1lar1y, use of this method ~11 give 
the height of the C.& for a predtiterxuned distance forward of the Step, 

or the floatmg angle for a gLv.ven C.G. position. The last case IS the 
one usually required. 

The location of the float datum line with that of the seTlane 1s 
detexwmed by the requirements of hydra end aerodynmmlc characterlstlcs 
of the seaplane in take of:', landing and cruslng fl~ght1~2;6, The 
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aerodynsm~c characteristzc- c1 of the small seaplane consd~-cd are 
illustrated xn Fzg.5. In the absence of howledge of the trim w&es in 
take off and lantig, it is useful to define an angle of securitylwhlch 
is the difference between the angle at which the seaplane wmg stalls 
and that correspond~-,g to the two step landing case. If t+his angle 
aSeC :: jO, the engle between the wing chord end float datm required 1s 
given by 

dP = nc Lmax - al - aseo = Go 

where aC Lmax = stalling angle of vnng relative to heel to heel line 
of the float, 19' 

and “1 = heel to heel an&e of float, 10' 

The required fuselage to wing datum angle is then 

q=a -a P ~~ = 30 10 

where %v = wing settug to fuselage datum = 2' 50'. 

The float setting has therefore been taken as 3' nose dovm to the fuselage 
datum. 

The final float location on the seaplane 1s shovm in Flg.18, together 
with the static water lme. 

5 Effect of Thrust tioment on Attitude -_-*- -..-. --._---^__----- 

The chosen cases have been stated to be (1) the effect of full 
engrne thrust moment on attitude at zero speed whether appliec! slowly or 
rapidly (2) the attrtuae at a loti taxyi.n~ Teed. The method of solution, 
once the generdliw6 bupyancy qusxtltres are known, IS to equate moments 
for static equillbrlwn and work done by moments for ?+wmic equilibrium. 
The angles to triq are obtane(Z graphically. iill moments due tc air 
forces a-e ne$tectcd. 

-- 
b1 z 'J2 - TV,. sin 3 +a (1) 

where T 
"1 

is propeller thrust for one float 1~ cu ins. of water. 

a 1s u-ic~aence of float datum 
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MT is moment due to thrust for one float m ms. 4 of water. 
T 

Takmg ,rornents about the c.6.) for the small seaplane 

%fv C.G. 
= 92.b ins. 4 

1 

Vhlere ;$ C. G. 1s moment of buoyancy about the C.G. pos~tlon, 

&, 8d .eA 
1 

are respectively the distances of the buoyancy and 
mqht aft of the F.P., measured along the vater lme. 

e. >I may be found graphmally from F'rg.18 for all values of a. 

The buoyancy moment with resi3ect to the C.G., ";A, C. G.l is plotted 
in Flg.22 agamst a for the thrust case, and the mterseotlon with the 
thrust lnoaent gives the requred angle of' true. For the seaplane 
consu3ered, the thrust imment Eepresscs the att1tuae from 40 to 30 3’ 
nose us, the drtit chan::m~, to d _ 2.78 ins. (I&.1:,). The resultant 
water lme, is show II: Z&.X. 

5.2 i;em Water Spe-13 .-. -. . . _._. _ .k ,,. .%,,sd /.plred RamQy -_.. --- 

For equllibrmm, st IS now necess,-ry that the work done by the 
thrust moment 3.n the resulting movement, from static equlliorium engme 
off, be equal to the work done by the moment of buoyancyL,2. Thx 
assumes that moments of mertxa, aerodJnmn1c and hyaroaynmlc amping 
forces are negligible. 

where XT 1s thrust moment about C.G. 
v1 C.G. 
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‘Al C. G. LS bucyancy moment about C.G. 

da is change of attitude. 

The values of the mtegrdls are plotted agamst attitude m F1.g.22. The 
o attitude decreases from 4 

(Wg.16). 
to 2" 31' nose up, the draft to 2.755 ms. 

The water lme 1s shown m Elg.13. In practice the resultant 
attitude will be between 2' 30' (dynamc case) and 3' 3' (statio case) 
because of the assumptions made. 

5.3 I~~~-~s~~lled $E$T 

Smoe oondltxms are steady1, equlllbrmm oondztlons are the same 
as for the case of no forward speed, if the added forces due to air lift 
end drag, and water drag be mcluded. It 1s assumed that the floats or 
hull are ~$111 in the displacement region, or that the water forces are 
still predominately b&o-stat~o. Tnen, from Fig.20 

hi4 C.G. + ;:Tvl C.G. + '*Lvl CvG. + ;;Dvl C.G-* "RR,1 C-G. = ' (6) 

where R, is water resu3tance per float. 

Dvl 
is am drag of seaplane per float. 

L 
"1 

is am 1x3 of seaplane per float. 

Neglecting moments of air forces about the C.G. 

blAl C.G. + % + MR 0 
v1 C.G. vl C:. G. = 

Approximately, in this contitlon, for the fifth scale seaplane con- 
s1aered. 

R = 0.1 k 

eR = 11.2 mohes (distance of R, from C.G.) 

vta.x 
= 6.6 f.p.s. = taxJmg speed. 

Therefore 

R VI = 20.2 (~ches)~ 

-Y- 
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and 

r$.f 
v1 C.G. = 

226 (rn~hes)~. 

The assumed 81r lift and drag per float IS tabulated xn Tab& 8, and 
plotted 111 fig.23 for the small seaplane consQiered. Then the thrust 
requred for steady taxying is 

D +R 
T = Y Vl- 
3 -.,-w^ 

CDS 3' +a 

The calculatea values of the lzft, drag and moments are given m Table 9 
for a range of attitudes snd the moments plotted in Pig.24.. The resultant 
taxying attitude is lo 1.2' nose up, ~na draft 2.672 ins. Fi.g.16, and the 
corresponding water lme is sham m Flg.18. In practxe the attitude 
wlllbe more nose up than this because of the presence of some hydrodyn~nic 
lift. 

6 j%J?ect of Torqe on hne of Roll at Zero Fcrv~ard SA:K~ _ ---_ __-I_ _--*- _* me_- -.a. -_.- *-_ .e.-.- _*- 

The final design case consxdered for hydmstatx stabxli@ is the 
angle of roll produced, at zero speed, by the engune torque at full 
thrust. ?hls is done gra~hlcs.lly, using the basic information on lifts 
and moments with known applied thrust and thrust moment. For atwin 
float seaplane, for equilibrum, frcnn Fq.21, 

-T--- Al+A,=k-Tvsin3 +a 

E9Tv C G 
= "'Al C.G. + "'A, C.G. = ivra C.G. 

. . 

Q = A2. a2 - Al. al 

(8) 

(9) 

(10) 

where Al, A2 are respective lift on the two floats, 

IL is the moment for two floats, 

Q is the appkecl torque, 

al, a2 = respective distances of the centres of buoyanoies of the 
two floats from the C.G. of the seaplane, 

a2 - Ll 00s F (see Fig. 21). 
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The estunation consists in 

(4 deteminmg the relatlonship between the drafts of the two floats 
to satisfy the condrtion of total buoyancy for a range of attitudes, 

(b) determining the rolling moment due to the different drafts of the 
two floats for a range of attitude, 

(4 deducmg the angle of roll, for the applied engxne torque, in terms 
of attitude, 

(a) deduotig the equilibrium attitu&s for the design conditions. 

The geometry LS given in Flgs.18, 21 and 25. Step by step calcula- 
tions are set out in Table 10. The angle of roll for equilibrium is 
deduced in Flg.26 for attitudes of Gc, 3O and 60 111 terms of the respec- 
tive drafts of the two floats. The resultant total water moments are 
plotted in Fig.27 agaulst attituae and equilibrium attitudes deduced in 
terms of draft. Flnallji Fig.28 gives the required attitude for trim at 
the equilibruzn angle of roll by the superimposition of the draft 
attituae relationship required for longitudinal and rcll~g moments 
respectively. The angle of roll is 34', angle of trim 2 57'. The oon- 
sequent transverse water line IS ,given in Fig.28, 

7 Conclusions 

The graphical methods described give a complete picture of the 
nature of the buoyane foroes in a form lmmedlately useful t0 any desxgn 
problem in the displacement regxon, 1.e. low taxying speeds. The method 
does not involve the calculation of metacentric heights. 

Its application to the case of a small twin float seaplane shows 
how the more usual caloulations for trim can be made of attitude and 
roll under different engine conditions in sero wind and wave oonations. 
The layout of tables and graphs is a useful guide to the application of 
the method. 

The cases of wind and waves can be simply considered using the 
same basx data, if suitable design condzttlons be defmed. Information 
on the sea and wind condltlons found in practice is given in references 
8 to 14. Fairly complete data are also required on the aemGynsmic 
forces and moments in yaw ena roll for a range of attitudes with ground 
interference. 

The use of the energy principle enables oalculatlons to be ma&e 
on the effeot of wind gusts, anchor and towing loa&, whxh must be oon- 
sM,ered BS of a transient nature. 
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List of symbols 

An&?l.es 
i* 
a* 

alo 

%* 

a°C hx 
CC* se0 

a* P 
a* f 
80 

PO 

Lengths 

5 

E 

a 

kc. G. 

%. G. 

&A 

%v 

rT 

l-R 

rL 

% 

df 

%n 

xi-l 

a1 

"2 

Ll 

incidence of mean chord 

att1tuae (trim) 

angle between float datum and heel to heel line 

setting of mean chord of wings relative to fuselage datum 

incidence of mean chord for maximum coefficient of lift 

angle of security for take-off' end landing 

angle butvieen mean chord and float datun 

angle between fuselage datum and float datum 

angle of roll due to engine torque 

see Flg.21 

= wmg mean chord 

s local draught 

= draught 

= height of C.G. above float datum 

= distance of C.G. from step 

= distance of buoyancy from F.P. 

= distance of wesght of aircraft from F.P. 

= &stance of thrust from C.G. 

= distance of water resistance from C.G. 

= distance of au lift from C.G. 

= distance of air drag from C.G. 

= distance between floats 

= see Fig.3 

= see Flg.3 

= late&. distance from A, to C.G. 

= lateral distance from A2 to C.G. 

: see Flg.21 

-12- 



List of Symbols_ (oontd.) -* 

Areas 

Fc3 

Fz 

S 

232s , 

v 

vtax 

Density 

pw 

P 

Forces 

W 

A 

T 

TV 
T 
3 

R 

RV 

R 
v1 

L 

L, 

"L1 
D 

Dv 
D 

'1 

A 

Al 

*2 

'h 

= "wetted" 0~s~ u sectlond area relative to the water line 

= "wetted" cross seotlonal area at draught 2 

= wmg gross area 

= forward speed of alr0raft 

= tawtig speea 

= 62.5 lb/ft3 densl'cy of fresh water 

= 0.002378 slugs/ft3 aenslty of air 

= all up weight of au-craft in lb 

; all up wcxght of aircraft in wlume of fresh water 

= thrust in lb 

= th?xst in volume of fresh water 

= thrust m volume of fresh water for one float 

= 77ater resistance 3n lb 

= water rcsxtance m volwne of fresh water 

= rratcr resmte,nce in volume of fresh water for one float 

= au lift 111 lb 

: air lift III volume of fresh water 

= air lift in volume of fresh water for one float 

= air draginlb 

= au drag in mlwne of fresh water 

= air drag m volume of fresh water for one float 

= buoyancy in volume of fresh water 

= buoyancy of first float m volme of fresh water 

= buoyancy of second float in volme of fresh water 

= hydm8ynamicoJ. buoyancy 
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Non-dimens~.onal -- 

Wment s --l_l 

K 
Tv C.G. 

M T v1 C. G. 

XR 
v C.G. 

% v1 C. G. 

% v C.'G. 
MD 

v1 C.G. 

"h C.G. 

%l C.G. 

'A c. G. 

144 p.p. 

%t C.G 

MA, C.G. 

MAl P.P. 

'Apa2 B.P. 

powe_ 

P 

n 

List of %mbolq (oontd..) 

= moment of thrust relative to C.G. xn (inches)4 

= moment of t'wust for one float relative to C.G. in (inohes)4 

= moment of water resxtance relative to C.G. in (ir~ches)~ 

= moment of water resistsnoe for one float relative to 
C.G. in (mches)G 

= moment of air drag relative to C.G. in (u10~les)~ 

= moment of au drag for one float relative to C.G. in (inches)4 

= moment of au lift relative to C.G. in (inches)4 

= moment of au lift for one float relative to C.G. in (inches)le 

= moment of buoyancy relative to C.G. 

= moment of buoyancy relative to F.P. 

= moment of buoyancy for one float relative to C.G. 

= moment of buoyancy for second float relative to C.G. 

= moment of buoysnoy for one float relative to P.P. 

= moment of buoyancy for secqnd float relative to F.P. 

= engine power during take-off in B.H.P. 

= msxwun permissible r.p.m. during take-off 

CL = ooefficxnt of a3.r lift 

CD = coefPlcient of air drag 

REX3 = reserve of buoyancy in $ 

General 

T.L. = water llnc 

C.G. = oentrc of gravity 

F.P. = forwara posltlon of float on float datum 
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appendix I 

A Graphxcdl Anal,&~Iriethod of Determinlnn Xrea and 
First Moment --- 

This method LS &sor~bed in many publlcatlons 1,293 and is an 
accurate and usefu1 m&ho& when suitable planzmeters are not available. 

Given the curve .&? in Frg.31, suppose we wish to know the area 
S under this curve and its fust moment Li about x = 0. Then 

Dividing AlBl the projxtion onto the x axis, into a suffxientwhole 
number of equal parts of length d, the equations (1) and (2) may be 
replaced by 

B 
s = d. c f(x) (3) 

A 

B 
hI = a. L f(x) -8, 

h% 

Calculattlons are then made In tabular form, the necessary ordinates 
being measured off the curves. 

(4) 

-16- 
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Appendix II 

Thu method has been described general*7 and 1s qute accurate if 
the dramng is &me with preclsicn. 

Suppose we have area AIA.BBl P~g.25. Draw thin strips of the area 
parallel to the y ems and let their centre lines have Lengths flS f2 ~,. 
From the ends OP these centre lmes on curve t&.Bl draw perpendmular 
lines to the y sxls anrl jam the mtersectmns of these lines with the 
y axis to a pout 01. Draw fos each strip parallel lines to Ol 11, 
01 21 as in Fig.29. 

Frcm simdarlty of trungles 

but 

If scale of 

fn x dX = yn x & 

--.. -- __-- 

if r(x) 
B 

:<a.x=J?,xcy 
1% 

f(x) = 1:n 

x = l:m 

scciLe of area = 3.zm.n 

Then area .'+BBl = m.n x 4 x Bl 82. 

The method of graphical mtegratmn 6f the static moment of area 
i,ABBl rclatlve to the y axis is shmm m Fig.%. From the ends of 
the centre lmes of the strips on curve A.& draw perpendicular lines to 
a lmc parallel to the y axis, yyi'. Jam the mtersectlons of these 
lines mth line yy' to 0, and mark on the centre lmes the interscctlons 
with these lmes, 12, 22 . . . . . From points 12, Z2, 32, . . . . . draav 
perpendicular lmes to the y axis. Intersectmns of these lmes with 

-17- 



the y axis, 13, 23, 33,,.... are jolned to point 01. For each strip 
draw parallel lines to O1 13, 0, 23, $, 33 . ..#. as in Fig.30. 

From smdarity of tmangles 

fl x rl = Z1 x h zl"&c=ylx" 

f2 x r2 = Z2 x h z2xax=y2xe. 

(A) ------.-..------_- (B) _______--____-__ 

From (A) s.rd (B) 

f,xr,xdx=Cxhxy, 

B 

ii‘ 

B 
M= ' f(x) x rx xdx=&xhxCyx 

A 
A 

but 
B 
Cyx =BlB2 
A 

If scsle of 

scale of 

end 

r(x) = 1:m 

x 7 1:n 

M = l.nzn 

&I = n% x & x h x BlB2, 

-la- 



Partxulars of small float sea&kne 

Setting of wing mean chord to fuselage datum a w = 20 50' 

Wing mcdenoe for maxumnn lift coefficksnt a Cbax = 190 

Angle between float datum and heel to heel line "1 = loo 

Angle of seourlty during take ofi and lantig a - 3" set - 

(Defused as difference betvreen a C 
off and l.an&.ng.) Ihlax and maximm wing inciaence in take 

Full Sode 

Wlngmean chora 5 61.5 ins. 

Height of C.G. above float datum k.G. 62.0 ins. 

Distance between float centre lines &f 77.5 ins. 

Height of thrust line above C.G. L$ 6.yy5 ins. 

Wang arca gross s 185 feet2 

All up weight w 1820 ib 

Idaxxmxn take off thrust T 620 lb 

1t I, I> power 131 BHE 

Maxhwn nose clown pltchlng moment for take 
off thrust "T C.G. 39 lb ft 

Maxi~~um nose down pitohlng moment for take 
off torque & 24.6 lb f-t 

Forces andlrioments expressed 111 terms of 
volume of water (62.5 lb per ft3) 

Ftith Soale 

12.3 ins. 

12.4 IL-IS. 

15.5 ins. 

1.35 ins. 

106.5 in~.~ 

I.&.6 lb 

4.96 lb 

6.70 lb Ins. 

4.73 lb k~s. 

All up weight - per floatmodelscale 202 ou ins. 

Maximum thrust on take off - per float model scale 68.6 ou ins. 

Maximum nitchlng moment for thrust - per float 92.6 (ins)4 
mo&Xl scale 

Maxunum torque moment for thrust - per float 
model scale 

Total buoyancy per float 

131 (ms)4 

440 cu ins. 

- - .--- 

-lY- 
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TABLE 3 

TABULATED VALUES OF WETTED CROSS SECTIONAL AREAS 
OF FLOAT FOR A RANGE OF ATTITUDES AND DRAfTS. 

@l@l@l@l@l@l@,@l@,@ 
oc r-3’ cC=OO a(- 30 ocl6’ 

1.00 .- - 0 65 

1.50 0 10 1 to 

2 80 5.00 1 - 0 50 2.50 

6 10 3 to 0 4s 2 50 62s 9561 0.50 210 - 0 55 

n I 740 I 10.00 A 0 85 I 335 I 1.9 0 1 11565 II 105 I 445 1 015 1 135 

Ill-l-l-l- I 0.10 I 045 I i.55 n 1.25 I t s19 I 

(ALL VALUES IN THIS TABLE IN (INCHES)~ 









TABLE 4. 
SHEET 3. 

d-0’ ; d-35" - 

H 2 4 II OS I -I 07 I -I 0 9.1 I 0 (89 
) II 10 I ios I I5 I tsi I -I -I 

3 

.A= 351 0 (INCIIES)~ ML= 7361(mm)~ 
2, = 2.18 INCHES 











TABLES 5,6 8 7. 

TABLE 5 

CL d 4 M,P % 
I") Inches (inches)) (Inches)’ Inches 

0 

-3” 

25 231 54 3799.96i3 i640 

(5) 
_ 

3.5 359 6i 624 4.9 680 17 36 

RESULTS 0F CALCULATION or 0uwiANcY, MOMENT, AN0 

CENTRE OF BUOYANCY, FOR RANGE OF ATTITUDES AND DRAFTS 

TABLE 6. TABLE 6. 

MOMENT AND CENTRE OF BUOYANCY FOR STATIC 

LOAD ON WATER FOR RANGE OF ATTITUDES 

TABLE 7 

ESTIMATION OF STATIC MOMENT OF BUOYANCY ABOUT C G 
FOR ENGINE ON CASE 



TABLES 8 8 9. 

TABLE 8. 
ESTIMATED AIR LIFT 8 DRAG OF SEAPLANE AT IO M.l?i+ 

TABLE 9. 
TABLE 9. 

ESTIMATION OF MOMENTS DUE TO BUOYANCY 
THRUST 6 DRAG OF FLOAT FOR A RANGE OF ALTITUDES. 





TABLE I I. 

THRUST 

ZERO SPEED 

FULL THRUST-THROTTLE 

ZERO SPEED OPENED VERY SLOWLY, 

FULL ENCjlNE TORQUE 

FULL THRuST-TI~FZOTTL~Z 

ZERO SPEED OPENED VERY QUICKLY- 2” 351’ 0’ 
EWINE TORQUE tiEqLECTED. 

I3 77 13.77 

TAXYINCj SPEED 

’ SUMMARY OF TRIM ANGLES IN PITCH % ROLL 

FOR DIFFERENT ENGINE CONDITIONS. 





GENERAL ARRANGEMENT OF FLOATS 
x 

FOR A SMALL SEAPLANE n - 



FIGS. 2,3 
485 

VARIATION OF CROSS SECTIONAL AREA WITH DRAFT 
AT TYPICAL FLOAT SECTION. 

FIG 3. 

OCATION OF WETTED CROSS SECTION 
RELATIVE TO WATERLINE AND DATUM POINT FP. 

LOCATION OF FLOAT RELATIVE TO C.G. OF SEAPLANE. 

FIG 5 

LOCATION OF FLOAT RELATIVE TO WING 8 FUSELAGE 



FIG 6 

1 Datum line 

Scale: i:5 
imm F, = O.i’ky. 

1 Datum Line 

VARIATION OF WETTED CROSS SECTIONAL AREAS 
OF FLOAT WITH DRAFT. 



FIG 6 
I (co I-l?) 

VARIATION OF WETTED CROSS SECTIONAL AREAS 
OF FLOAT WITH DRAFT. 
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1 

FIG. 6 (31 
(UUNCLUDEO) 

/ -7--7 

2 VARIATION OF WETTED CROSS SECTIONAL AREAS 

OF FLOAT WITH DRAFT. 
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cl,= 3.5” 

---+-Y-f 

POSITION OF FLORT STRTION 

119.4 5 67 99 10 Ii 12 13 14 Ls 16 I7 18 20% 21 22 t 19 84 25 26 27 28 29 Jo 31 1 

S FOR INTERVAL SCRLE 
NUHERICAL INTEGRATIOW, 

DISTRNCE AFT OF FP- L,. 



FIG. IO. 
(SHEET 2) 



’ ’ 2 3 4 5 6 7 8 9 i0 11 12 13 14 15 16 il 18 19 20' 
I.,.,, & , , * , , , *', , . , I, 

" 33 2.4 25 26 21 28 29 30 51 32 33 3) 35 36 37 33 39’ d’ 
1 

I 
“2 3 4 5 6 7 8 9 30 11 f2 13 14 15 16 17 18 19 20 Pi’ ’ ‘24 2S 26 27 LB 29 30 31 32 33 34 35 36 37 32 39 40 41’ ’ 

4 

04 32 34 36 38 40 42 44 [mthed 
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FIG. IO. 
(SHEET 4) 



FIG. II. 

(‘9’9 I 9’9 - 

m 

I 

I 
I! 

! / 

GRAPHICAL DERIVATION OF FLOAT GRAPHICAL DERlVATlON OF FLOAT 
BUOYANCY FOR ZERO ATTITUDE AND DRA BUOYANCY FOR ZERO ATTITUDE AND DRAF 
3-S INS. (SEE APPENDIX Z.J 3-S INS. (SEE APPENDIX Z.J 



GRAPHICAL DERlVATlON OF STATIC GRAPHICAL DERlVATlON OF STATIC 

*MOMENT OF BUOYANCY OF FLOAT RELATIVE *MOMENT OF BUOYANCY OF FLOAT RELATIVE 

TO El? FUR ZERO ATTITUDE 8 DRAFT 33NS.($EE 
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DETERMINATION OF POSITION Of C.G fORWARD OF STEP 
FOR A GIVEN HEIGHT AND FLOATING ANGLE. 



, 

LOCA~lON Of FUJKT RELATIVE TO FUSELAGE C.G. a WATERLINES FUR DFFERENT ENGINE CONDITIONS. 
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W.L b ! 
I 
I kQ FIG. 19. 
I 

ILLUSTRATION OF LONGITUDINAL FORCES ACTING 
ON SEAPLANE AT REST. 

FIG. 20. 

ILLUSTRATION OF LONGITUDINAL FORCES ACTING 

ON SEAPLANE WHEN TAXYING. 
FIG. 21 

‘, \ 1 W.L. I __ __-------- 

r& ai 

-e* -I 
ILLUSTRATION OF TRANSVERSE FORCES ACTING ON 

SEAPLANE AT REST. 
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FRONT ELEVATION OF SEAPLANE 
SHOWING WATERLINES IN ROLL 
WITH FULL ENGINE TORQUE. 
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METHOD FOR GRAPHICAL INTEGRATION OF AREA(SEEAPPIL) 

OF MOMENT OF AREA (SEE APPENDIX IL> 

--4--- 

is 
I 
I 
I 

5’ B 

--r 

FIG.31. 

1 

X- 
il 
* 

4 METHOD FOR GRAPHIC AL - A&K%ZK%TEGR ATION 
OF AREA AND MOMENT OF AREA (SEE APP. I.) 
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