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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 an examination has been made of the
methods of determining the atatic buoyancy and flotation characteristics.
4 greaphical statics method has been found very useful which 18 not novel
but is not widely applied in this country. It is condidered to be as
accurate and fto gilve results more rapidly than the more arithmetical
methods,

A descraption of the method xs gaven in this report, it is
1llustrated in detail by an example of 1ts application to the design of
fioats for a small 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 detaals of the seaplzne are given
mn Table I, and lines and dizmensizons of the floats in Fipgure 1,

2 Method ond Design Cases Conszdered

The method consists generally in determining the buoyancy, moment
of bucyancy and centre of buoyancy of the float or hull for a Serigs'of
water lines chosen to cover o wide range of attitudes and drafts. The
whole determination is shown graphically after Bonjean's method so that
the distribution of buoyancy is ummedirately available for any regquired
water line. New various methods of obtaining the area and first moment
of area under o curve arc given, the usefulness of each depending on the
available date and instruments, as well as the cccuracy reguired.

Knowing the basiec buoyincy chorogteristics, the selection of any
two conditions from C.& heaght above step, C.G. distance forward of step
and attrtude make possible the determination of the third by a smmple
grophical method. The corresponding draft and centre of buoyancy are then
also known.

From the location of the float or hull reloative to the aarcraft,
then the design condaitions ap.ropraate to full cengine power under dus-
plocement conditrions can be examined. Those chosen zre,

(1}  effect of thrust on attitude, both for the static egquilibrium
condition and dynamic casc (suddenly epolicd),

(2) effect of thrust ot ilow taxyaing spced,
(3) effeot orf torque on ongle of rolil.
411 these estamates arc made grophically, results beang tobulated.

For praocticad purposcs it is convenacnt to exprcess all forces in
terms of the couivalent velume of vater which has the same weirght, toking
the weight of 2 cu.ft. of fresh water as 62,5 ibz. This avoids any

confusion of unzts.

3 Deternination of Buoyeoncy, longitudinel Momenwn, and Centre of
Buogyoney, an Terms of Attatude and Draft

3.1 Dastribution of buoyoncy . .

- The method of determinang the boasic chorocteristics of buoyancy
in terms of attitude and draft i1s thet duc o Bongean, descraptions of
the mcthod are given in refercnces 1 to L.
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The variation of cross-sectional area with draft up to full immersion
is plotted for each of a series of sections on a side clevation of the hull
or float, Area 1s plotted parallel to the keel, local draft s measured
nomal to the keel with zero at the local keel.

The variation of area with draft for a typical section is illustrated
in Fip. 2, where Fz is the area at draft 2. The areas can be found by
use of a planameter or anaiytically. The analytical derdvation is given
in Table 2 for the stations numbered in Fig.l. The results for the different
stations are given graphically in Fig.b.

The results for all sections are collected together in the Bonjean
diagrem in Pig.7. The same scale 18 used as in the derivation in Fig.6.
This is the basic fagure fxom which the distribution of buoyancy for any
possible ocombinations of attitude and draft may be obtained.

3.2 ITHstribution of Buoyancy for given Water Lines

To obtain the buoyency distribution over a required range of
attitudes and drafts, convenient water lines are drawn on a side elevation
of the float in Fig.B drawn to the same scale as in Fags.6 and 7. Fag3
illustrates definitions of co-ordinates of the sections. The draft is
measured at the step normal to the datum lmne, defined as the tangent to
the keel at the step. The attitude is measured relative to the same datum
line, positive nose up. The reference datum point at the bows, F.F., is
defined as the intersectlon with the datum line of the nommeal to the datum
drawm through the foremost point in the float. Distances aft of the F,P.
axre measured in the dairection of the water lines concerned.

The water lines chosen for the example werc defined by

Attitude o° __Dra.f’c m;-;l‘;_-_:]_‘il scale
N S Y - 2
ay =3 2eD 3.5
@ 0 1.5 | 25 | 25 | a7
o 3 3 295 2«5
L3 6 2.5 34D

Their intersection with the scotions together with the corresponding
wetted arcas Fy are shown in Fig.8. The latter are obtained by super-
imposing Fig.8 on Fig.7. Results are tabulated in Table 3 and plotted in
terms of wetted area against distance from F.P. in Fig. 10 for each water
line, The co-ordinates in Fig.10 are not rectilinear because of the nature
of the deraivation of the results and also the requirements for centre of
buoyanagy calculations, To facilitate their plotting a special scale is
used, as shown in Fag. 9. It is there shown how the axes change because
dreft is wmeasured nomal to the datum line, but distance from F.D.
parallel to the water line, For convenience the abscissa i1s gaven in
terms of the station number, a scale of distance is provaded, and for
each draft a subsidiary scale is plotted for convenience in the nunerical
integration. The intervels "a&" used in the subsidiary scales are
chogsen to suit the nature of the curves.
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Fiz.10 therefore gives the distrabution of buoyancy for the
particular water lines chosen. From these the total 1ift or buoyancy 4
1s represented by the area under the curve, the moment of buoysncy Mp
aboul the ¥.P. by the first moment, and the distance of the centre of
buoyancy from the F.F. "\ ", by their guotient.

These areas and first momenls may be obruained by valuation as given
in Appendix I, Sumpson's Rule, a melhod of graphical integration given in
Appendix II or a planimetcr. Thne grophical integration method is aliu-
strated in Figs.ll and 12 respectively for area and first moment, and com-
pared with the results of the Cirst method tabulated mn Table 4 f‘or the
water Ime a« = O° and d = 5.5 ins. Therc a1s very good agreement. The
tabulation method of Appendix I has been used for the other water lines
for demonstration purposes, snd the calcalations are tabulated in Tablo.y,
The stations used for the valuation method are shown in Fig.G.

Results for buoyancy, moment of buoyancy and centre of buoyancy are
tabulated in Table 5 and plotted in Fags.l3, 14, ageinst draft for fixed
attitude.

L Location of Float Relative to (.G, and Wings

The followang method of loceting a float or hull relative to a
seaplane was that used mn Poland in the Experamental Aircrafi Workshops,
D.W.L. (R.W.D.)5.

In the static condition, for a float seaplane of all up weight of
A, end distance of C.G, af't of F.2. 4, 1% is necessary that for each
float,

&5

Moment of buoyancy = Aoty

Buoyancy Al

Centre of buayancy <4 = 4p

The distences £, and £p ore measurcd parallel to the water line from
the F.P. position {sec Fiz,19). Tn practice wn a float seaplane, the
floats are normally desizned for a total buoyancy equal to twice the all

up weight, 1.e. a reserve buoyancy of 100 per cent. From the distribution
of buoyancy and moment of buoyancy JLivea in Figs.1l3 and 1k, assuming a
reguired buoyanay corregponding to 202 mches? of water, the variation

of moment and draft with attitude is ploticd in Figs.15 and 16 respectively.

Determination of the settang of the float relative to the C.G. can
then be made graphically as follews.

Plot as in g, 17 the vector distances of the centre of buoyancy
from the F.P. point for the chosen attitudes of -3°, O°, 3° end 6°. Then
1" the dasbance of the C.G, above thc step be dei‘med. by propeller
clearance as 12.4 ins. model scale, and the f‘loatmg angle of the float
1s sumilarly chosen to be L;P the distance of the C.&. forward of the
step for eguilibrium can be mnedlcltely deduced to be 3.18 ins., and the
droft 2,93 ins. model scale. Similarly, use of this method will give
the height of the C.G, for a predetermined distance forward of the step,
or the floating angle for a given C.G. position. The last case is the

one usually required.

The location of the float datum line with that of the seaplane 1s
determined by the requirements of hydro and aerodynamic characteristics
of the seaplane in teke off, landing and cruising flightl: 236, The
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aerodynamic characteristics of the amall seaplane considered are
illustrated in fMg.5. In the absence of knowledge of the trim angles in
teke off and landing, it is useful to define an angle of securityl which
is the difference between the angle at which the seaplane wing stalls
end that corresponding to the two step landing case. If this angle

Ggee = 5°, the angle between the wang chord end float datun required is

given by

_ _ _ 0
ap = mcl&nax A = Qgep = )

i

stalling engle of wing relative to heel to heel line

where oC
tmex of the flost, 19°

and oy heel to heoel angle of float, 10°

1l

The required fuselage to wing datum angle is then

- _ =0 10!
D oaw_B 10

where a, = wing setting to fuselage datum = 29 500,

The float setting has therefore been taken as 3° nose down to the fuselege
datum,

The final float location on the seaplane s shown in Faig,18, togef:ﬁer
with the static water luine.

5 Effect of Thrust Homent on aftitude

The chosen cases havc been stated to be (1) the effect of Full
engine thrust moment on atititude abt zero speed whether applied slowly or
repidly (2) the attitude at a lov faxying speed. The method of solution,
once the generalised buoyancy quantities are known, is to equate moments
for static equilibrium and work done by moments for dynamic eguilibrium.
The angles to trim are obtained graphically. All moments due to air
forces are neglectod.

5.1  Zerg Water Speed, Thrust spplicd Slowly

1 go satisfy static equilibraun conditions, Fig.l9, 1t is necessary
that-s

&1 :fg/z—Tvl. Sin3+'(;(_ (l)

MAI + MTVl * MA/Q = O (2)

where Tvl is propeller thrust for one float in cu ins. of water.

@ 218 i1ncidence of float datum
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MTv is moment due to thrust for one flost in ins.* of water,
1

Sy

bl /9 is moment due to woight of aircraft per float in ins. % of
= water,

Tekimg moments about the C.G., for the mmall scaplanec

7
T = ef.o ins.”
Vi

i = 92,6 ins.X
mTv G, G, °

1

- /
i = Dsy Lo = O
Al C- Gv .L\ v 1

where iiﬂl .G, 1s moment of buoyancy about the C.G, position,

£, ad 4y arc respeéctively the disbances of the buoyancy and
1 weaght aft of the F.P., mecasured along the water line.

€., may be found graphically from Fig.1l8 for all values of «.

Eﬁl 1s obtamed for a rangs of a from Fig.,l5, and 4 for the same
range, frem Fig 13, satialying condirtion (1) avove. The resulting values

L4

of €4  are gaven in Table 5, aad values of Mﬁ‘l ¢,&, in Table 7.

The buoyancy moment with respect to the C.G,, M"\‘l C'G'l is plotted

in F1z.22 sgaanst o for the thrust case, and the intersecbion with the
thrust monent gives the required angle of trum. For ihe seaplane
considered, the thrust :oment depresscs the attitude from 4° o 3° 3
nose up, the drart chanrglnf:, 0 @ = 2.73 ins. \F2..10), The resultent
vater line, is showm 1o Fap,l10.

5.2  Zerg Water Speed, Thrust apnlied Raprdly

.......

For eogualibraum, 1t 28 now necessery that the work done by the
thrust moment 1n the resulting movement, from static GQUlllDI‘lum engine
of'f, be equal to the work done by the moment of buoyangyt» 2. Thas
agames that moments of inectin, asrodynanic and hydrodynemic damping
forces are negligible.

B ~
[ foy

Then M-s Ao = M .4
/ i o iy .- (3)
!

where MT 18 thrust moment ahout .G,
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M’Al G, 18 buoyancy moment shout C,G.

dg is change of attitude.

The values of the integrals are plotted agamnst attrtude in Fag.22, The
ettitude decreases from 4° to 27 31' nose up, the draft to 2.755 ins.
(F1£.16). The water line 1s shown 1n Fig.12. In practice the resultant
attitude will be between 2° 30' (dynamic case) and 3° 3' (static case)
because of the assumptions made.

5.3 ZTaxying at 10 m.p.h., Thrust applied Slowly

Since conditions are steadyl, equilibriun conditions sare the same
as for the case of no forward speed, 1f the added forces due to sair 1ift
and drag, and water drag be included. It 1s assumed that the floats or
hull are st1ll in the displacement region, or that the water forces eare
st111 predominately hydro-static. Then, from Fig, 20

Tvl, cos 3 +a = Dy, + va (&)

by = /5 = Ty . s 3P ¥ - Ly (5)

M @, + i + It + I + i = 0 (6
by O5 T g TR o TPy e Ry ot )

where R, 1is water resastance per float.

Dvl is aar drag of seaplane per floakb.
Lvl is aar 1ift of seaplane per float.

Neglecting moments of air forces about the C.G.

n
<

(7)

W + L + M
8y C.G. ]TV R,

1 O.G"o 1 CnGl

Approximately, in this condition, for the fifth scale seaplane con-
gidered.

R=014

£g = 11.2 inches (distance of R, from C, G )

<
i

bax 6,6 fop. 8. = taxying speed.

Therefore
va = 20,2 (anchas)”

e



and

MRV ca = 220 (lnohes)i".
1 GG

The assumed air 1ift and dreg per float 1s tabulated in Teble 8, sand
plotted in Fig.23 for the small seaplane considered. Then the thrust
required for steady taxying is

s b s

The calculated values of the liff, drag and moments are given in Table 9
for a range of attitudes end the moments plotted in Pig.2h. The resultant
taxying attitude is 1° 12' nose up, end draft 2,672 ins. PFig.16, and the
corresponding water line is shown in Fig.18. In practice the attitude
will be more nose up than this because of the presence of' some hydrodynamio
1if't.

6 BEffect of Toroque on Angle of Roll, at Zero Forward Speed

The fainal design case considered for hydrostatic stability is the
sngle of roll produced, at zero speed, by the engine torque at full
thrust. Thas is done graphically, using the basic information on 1lifts
and moments with known applied thrust and thrust moment. For a twin
float seeplsne, for equilibraum, from Fig.Zl,

et e

By + 8,y 5 &= T, sin 0 4 (8)
N = I il = M
Ty gq = Dy 0-G * ¥4, 060 = cG (9)
Q = Az. 3.2 - Al- B.l (10)

where &1, A, are respective 1lift on the two floats,

2

I is the moment for two floats,
Q@ is the applied torque,

a1, ap = respective distances of the centres of buoyancies of the
two floats from the C.G& of the seaplans,

and a3 = Iy cos E—:“g
By = L; cog b+ © (see Fag,21).
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The estamation consists in

(a) determining the relationship between the drefts of the two floats
to satisfy the condition of total buovancy for a range of attitudes,

{v) determining the rolling moment due to the different drafts of the
two floals for a range of attyitude,

() deducing the angle of roll, for the applied engine torgue, in terms
of attitude,

(&) deducing the equilibriun atiitude for the design conditions.

The geometry i1s gaven in Figs.1l8, 21 and 25, Step by step calcula-
tions are set out in Table 10. The angle of roll for equilibraum is
deduced in Fig.26 for attitudes of P, 3° and 6° in tems of the respec-
tive drafts of the two floatz. The resultant total water moments are
plotted in Fig,27 agamst attitude and equilibrium attitudes deduced in
tems of draft. Fanally Fig.28 gives the required attitude for tram at
the equilibraum angle of roll by the superimposition of the draft
attitude relationship required for longitudinal and mll&ng moments
respectively. The angle of roll is 34', angle of trmm 2° 57'. The oon-
sequent transverse water line 1s given in Fig, 28,

7 Conclugions

The graphical methods descrabed give a complete picture of the
nature of the buoyancgy forces in a form lmmediately useful to any desagn
problem in the displacement region, i.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 calculations for tram can be made of attitude and
roll under different engine conditions in zero wind and wave conditions.
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 basic data, if suiteble design conditions be defaned. Infbrmation
on the sea and wind conditions found in practice is given in references
8 to 4. TFairly complete data are also required on the aerodynamic
forces and moments in yaw and roll for a range of attitudes with ground
miterference.

The use of the energy prainciple enables calculations to be made
on the effect of wind gusts, anchor and towing loads, which rust be con-
sidered as of a transient nature.

- S m am—— g
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List of Symbols

incidence of mean chord

attitude (trlm)

angle between float dabun and heel to heel line

setting of mean chord of wings relative %o fuselage datum

incidence of mean chord for maximum coefficient of 1ift

engle of seocurity for take-off and lending

anglc botween mean chord and float dabum
anglc between fuselage datum and float datum

angle of roll due to engine toraque

see Faig, 21

wing mean chord

local draught

draught

height of C.G. sbove float dabum
distance of C.G. from step

distance of bucyancy from F.F.
distance of weight of airoraft from P.P.
distence of thrust from C.G.

distance of water resistance from C,G.
distance of air lift from C.G.
distonce of air drag from C. G
distance between floats

sec Fig.3

see Fag. 3

lateral dlstence from Al to GC.G.
loterol distence from A, %o C.G,

see Faig, 21
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List of Symbols (contd. )

"wetted" cross sectional area relative to the water line

"wetted" cross seotional srea at draught z

wing gross area

forward apeed of

taxying speed

aircraft

62.5 1b/ft5 gensity of fresh water

0.002378 slugs/Ft° density of air

all up weight of
all up werght of
thrust in 1b

thrust in volume

thrust in volume

water resastance
vatcr resistance

vater resistance

say lift an 1b

arrcraf't in 1b

aircraft in volume of fresh water

of fresh water

of fresh water for one {loat
m 1b

mn volune of fresh water

in volume of fresh water for one float

air lift in volume of fresh waler

air 1ift in volume of fresh water for one float

air drag in 1b

a1r drag in volume of fresh water

ailr drag in volume of fresh woter for one float

buoyancy in volume of fresh weter

buoyangy of first flozot in volume of fresh water

buoyanay of second float in volume of fresh water

hydrodynamical buoyancy
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loments

I
Tv C.G.

M
T
vl C. G

P
\Rv C.G.

Mg

v., C.G.

1

¥ C.C,

v

~

MD
vy C.&x

2
Ly c.a.

M
Lvl C. G,

Ma ..

MA g, p,

By g
Mps .6,
¥p, F.P.
K, B.P.
Power

P

n

List of Symbols (contd.)

moment of thrust relative to C.G. an (inohes)l"

moment of thrust for one float relative to C.E in (inohes)l"
moment of water resistance relative to C.G. in (inches)

moment of water resistence for one float relative to
C.G in (mches)il-

moment of eir drag relative to C.G. in (inones)*

moment of air drag for one float relative to C.G. in (inches)

moment of sir lift relative to C, G, in {inches)¥

moment of air 1ift for one float relative to C, G in (inches)z*'

moment of buoyancy relative to C,G.

moment of buoyancy relative to F. I,

moment of buoysncy for one float relative to C, G,

moment of buoyaney for second float relative to C.G
moment of buoyanay for onz float relative to F.F.

moment of buoysncy for secqnd float relative to F,P.

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

maximum permissible r.p.m. duraing tekc-off

Hon-dimensional

oocefficient of mir 1ift
coeffilcient of air drag

reserve of buoysncy in %

water line
centre of gravity

forward position of [loat on float datum

w3l
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Appendix T

4 Graphigal Analytical Method of Determining area and
Pirst lloment

This method 18 descrabed in many publlcatlonsl’2’3 end is an
accurate and useful method whern suitable planimeters are not availsble.

Given the curve AB in Fig. 31, suppose we wish to know the area
S under this curve and its first moment I about x = O, Then

B
s [e(x) a (1)
A
B
M mfv/wf(x) X dx (2)
A

Dividing .AlBl the projzction onto the x axis, into a sufficient whole

number of equal parts of length d, the equations (1) and (2) may be
replaced by

S=d. & f£(x) (3)
B
M= a3 £{x) &y (1)

e

Calculations are then made in tabular form, the necessary ordinates
being measured off the curves.

s e e e

=16~






Appendix TT

Gravhical Integration of srea snd Firgt Moment

b

This method has been deacribed generally? and 15 quite accurate if
the drawing is done with precision.

Suppose we have ares Aq.BBy Fag.2%, Draw thin strips of the arca
parallel to the ¥y axis and let their centre lines have lengths I, 9 ...
From the ends of these ccntre lines on curve . B, draw perpendicular
lines to the y axag and Joan the intersections of these lines with the
y axis to a point 0O3. Draw for each strip parallel lines fo 0Oy 1,,

0y 29 as in Fig.29.

Prom similarity of triangles

fl X Gx = :)"l X &
fox & =¥y x &
fj * ax = yB Y ’6
f X dx = AN x &
N B
/7 {x) x dx = £6x ¥
A B
but
B
If scale of f(x) = L'n
x = I'm
scale of area = 1iM.hn

Then area «1iBBy = m.n x & x By By,

The method of graphical integration of the static moment of arca
a AEB] relafive to the y axds 1s shown in Fig.30. From the ends of

the centre lines of the strips on curve 4, B. draw perpendicular lines to

a lme parallel to the y axis, yy'. Join the intersections of these
lines wath line yy' to O, and mark on the centre lines the intersections
with these lanes, 1lp, 25 se... From points 1o, 29, 3p, +e».. draw

perpendicular lines to the y axis. Intersections of these lines with

-17-



the y eaxis, lz, 23, 33z,..... are joined to point 0. For each strip
draw parallel lines to Ol 13, 01 25, Dl 33 wsess A8 In Fig.}&

Prom simalarity of friangles

f1 xry =23 xh ledx=ylx6
foxrg=2Zgxh o x Gx = y5 X &
(4 e 6:) S
fpX 1, =23, xh andx:ynxﬁ

From (A) and (B)

fox xo X 8x = €3 hxy,
f‘nxrnxdx:&xhxyn
B' B
M:L/f(x)xrxxdxzﬁxhxz_vx
A
A
but
B
A
If sceale of
f{x) = 1mm
x = 1*n
scale of M = 1.n%n
and M = 1% x £ x h x BBy,

-18-



Tabie 1

p

Particulars of amall float seaplanc

Setting of wing mean chord to fuselsge datum Oy = 20 50!
Wing incidence for maxamum 1ift coefficient o Glmax = 199
ingle between float datum and heel to heel line ay = 10°
Angle of securaty during take off and landing X yoq = 3°

(Defined as gifference between a Cr, and maximun wing incadence in take
off and lana;mg.) ax

Full Sgale  Fif'th Scale

Wing mean chord B 61,5 ins, 12,3 ins.
Height of C.G. above float datum hg g 52,0 ins. 12.4 ins.
Dastance between float centre lines Bf 77.5 ins., 15.5 ins.
Height of thrust line above C.G. 4p 6.75 ins. 1.35 ins.
Wing arca gross 3 185 feetl 106.5 ins.2
All up werght W 1820 1b 1.6 1b
Maxamum take of'f thrust T 620 1b 4.96 1b
" " " power 131 BHP

Maximum nosze down pitching moment for take
off thrust U7 ¢ g, 9 1b £t 6.70 1b ins.

Maximum nose down pitching moment for take
off torque Q 26 1b £t L.73 1b ins.
Forces and liomenits expressed in temms of
volume of water (62.5 1b per £12)
ALl up weipght - per float model scale 202 ou ins.
Maximum thrust on take off - per float model scale 68.6 cu ins.
Meximum pitching moment for thrust - per float 92.6 (ins)k
model seele
Maxamum torque moment for thrust - per float

model scale 131 (ans)H

Total buoyancy per float 4O cu ins.

[ N ———
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- TABLE 2

CALCULATION OF CROSS SECTIONAL AREAS AT FLOAT STATIONS
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TABULATED VALUES OF WETTED CROSS SECTIONAL AREAS
FLOAT FOR A RANGE OF ATTITUDES AND DRAFTS,

TABLE 3
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CALCULATION OF BUOYANCY, MOMENT OF BUOYANCY AND CENTRE OF BUOYANCY
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TABLES 56 &7.

(D) @
d A, Magr b
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3.5 330 95 1361 0070 2480
47 440 41 9004 5432 20 50
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3.5 267.450 §475 86 2310

RESULTS OF CALCULATION OF BUOYANCY, MOMENT, AND
CENTRE OF BUGYANCY, FOR RANGE OF ATTITUDES AND DRAFTS
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MOMENT AND CENTRE OF BUOYANCY FOR STATIC
LOAD ON WATER FOR RANGE OF ATTITUDES
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ESTIMATION OF STATIC MOMENT OF BUOYANCY ABOUT CG
FOR ENGINE ON CASE



TABLES 8 & 9

TABLE 8.
ESTIMATED AIR LIFT & DRAG OF SEAPLANE AT 1O MPH
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TABLE 1.

lrorwarp sPEED THRLST oL * & d. 4,
OF SEAPLANE INCHES | INCHES _|
ZERO SPEED ZERO THRWST 4° 0° 14-65 14 &5
FULL THRWST-THROTTLE

ZERO SPEED OPENED VERY SLOWLY- 3° 3 o° 1391 13 9l
ENGINE TORQUE NEGLECTED
Flllk THRUST-THROTTL.E

2ERO SPEED OPENED VERY SL.OWI.Y, 2° 57° 34’ 14 3 13-53
[FuLL ENGINE TORQULE
[FULL THRUST-THROTTLE

ZERO SPEED [OPENED VERY QUICKLY- |l 2o 3¢ | ¢ | 13 77 | 13-77
ENGINE TORQUE NEGLECTED)

TAXYING SPEED " o 133 .
Veax - IOMPH [ENGINE TORGUE NEGLECTED 5 | 1335
SUMMARY OF TRIM ANGLES IN PITCH & ROLL

FOR DIFFERENT ENGINE CONDITIONS.
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