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NATTIONAL, ADVISORY COMMITTEE FOR AERONAUTICS

TECENTICAL NOTE NO. 1253

COMPARISON CF DESIGN SPECIFICATIONS WITH THE ACTUAL STATIC
TRANSVERSE STABILITY OF 25 SEAPLANES

By Arthur W. Carter
SUMMARY

The meximum smount of transverse righting moment at rest
actually provided by euxiliary floats or stub wings for 25 seaplanes
is compared with the minimum righting moment required by certain
design specifications. Large differences exist between the specifi-
cations and among the 25 designs studied. The adequacy of the actual
trensverse stability has been eveluated in terms of pilots' opinions.
Based on these opinicns, the U. 8. Navy specification for transverse
stabllity of seaplanes apparently will provide a wing~tip floatb
having adequate displacement.

The cross wind required to submerge the tip {loat was computed
for each seaplane. These results indicate that, Tor satisfactory
transverse stability, seaplanes having a gross welght greater than
20,000 pounds reguire a criticel cross wind in excess of 50 miles
per hour and seaplanes of loss than 20,000 pounds require a critical
crogs wind in excess of 25 miles per hour.

INTRODUCTION

Wing-tip floats or stub wings are customarily designed to
provide sufficient stabtic transverse stability when at rest in
order to offget the stabtic instability of the hull and wing group
and to provide an arbitrary réserve of transverse righting moment.
Differences in experience in the various types of seaplene operation
(such as commercial, tremsport, and military) have resulted in the
provision of greatly different amounts of reserve righting moment
to compensate for the upsetting action of cross wind, waves,
meneuvering at low speeds, and unbalanced loading.

Data are ;presen’ced.-in thils paper, in a form for easy comparison, .
to show the amount of transverse righting moment that has been
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provided in each of 25 seaplanes of different designe (fig. 1)

and to compere these righting moments with those required by
design specifications. The adequacy of the actual transverse
stabllity has been evaluated in texrms of pilots' opinions. All
the seaplanes except seaplanes 6, 22, 23, and 25 have been flown
extensively. Seaplane 6 is of interest because it is designed for
air-sea rescuc operation, which includes operation in a very rough
sea. Seaplanes 22, 23, and 25 are included because they are of
notably large size.

Acknowledgement is made to the Bureau of Aeronautics, Navy

Department, for the comments on tho adequacy of the treansverse
stebility of most of the examples of seaplanes used in this paper.

SYMBOLS

a length of waber plane, feet

b . beam, feet

Doy wing span, feet

B center of buoyancy of hull

B! center of bucyancy with tip Float submerged

BG distance from center of gravity to center of bucyency, feet

BEm distance from center of buoyancy to transverse metacenter
without tip floats, feet '

c distance from center of buoyancy of tip float to center
line of hull, feet '

d distance from center of pressure of the wing to the center
line consldering the wing as a flat plate of fractional
aspect ratio, feet (fig. 6) '

G center of gravity

M metacentric height of seaplane with tip float or stub

wing submerged, feet

GZ righting axm, feet (L/W)



NACA TN No. 1253 3
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t

miﬂézﬁ

negative metecentric height of seaplene without tip floats
or stub wings, feet

moment gf inertie of water~plane area about center line,
feet

net righting moment, pound-feet

metacenter without tip 4floa’cs or stub wings

metacenter with tip float subtmerged

wind force (approx. normal to the wing), pounds (fig. 6)
engine power, horsepower

wing ares, square feet

volume on).“ displacement of hull, cubic feet (W/64 for sea
water - o

gross welght, pounds

buoyency of hull or main float, pounds

eubmergéd displacement of tip float, ;pov.nds

engle of heel required for float to touch water s degrees
angle of heel required to submerge floab, degrees

angle of wave slope, degreeé

METHOD OF ANALYSIS

Most of the data uged in this analysls are included In table I

and were obtalned from menufacturers' drawings that showed the

- genersl arrangements of the seaplanes. Dimensions not given on
the drawings were scaled off, and locations of the center of
buoyancy not given on the drawings were estimated from the position
of the loed water line.
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The negative metacentric height h, of each seaplane without
tip floats or stub wings was calculated by the equation

he”BG"Bm

where

oY

P = 3—‘5‘7,—';-’43- (1)
which is considered in reference 1 to be sufficlently accurate if

Bm < %B,G. When Bm > “J,;BG-, the equation Bm = ",V:I'* was used and the
- h

moment of inertia I of the area of the hull at the water line -
comuonly called the water plane - was approximated by

ay + hap + 3
I:Ll z‘g a3) (2)

where the water plene is assumed to have the shape and dimensions
ghown in figure 2. For seaplane 15, the negative metacentric height
was so small -that equations (1) and (2) were not sufficiently accurate
and the moment of inertia of the water plane was determined by
graphical integration. For seaplane 10, although Bm > -;:BG, sufficient

data were not available to determine the moment of inertia of the
water plane accurately end the approximate value given by equation (1) -
was uged. :

The metacentric height GM  of each seaplane with one tip floaf.
(or stub wing) submerged was celculated by '

L

= W 8in al
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The net righting moment L wase found by subtracting the upsetting
moment Whe sin ¢l from the gross righting moment cAy. The net

righting moments (fig. 3) of seaplames 15 and 2L with stub wings
were obtained from tests of a model in Langley tank no. 1. The
meximum net righting moment of seaplane 15 occurs at an angle of
heel of 12 3 the meximm net right:mg moment of seaplane €l occurs
at en angle of heel of 13°.

. The emount of reserve buoyancy provided by a tip float cen be
evalueted In terms of a righting moment. This righting moment mey
be considored as a product of the gross weight and & righting arm
(62 in fig. 4).. In reference 2, this method was used for estimating
" the size of tip floate required for transverse stebility of a
seaplane.

Thig concopblon of a righting erm msy be useful in comparing
the relative stiffness and tho naturel frequency in roll. The
magnltude of the righting arm es a fraction of the wing span is
- given by the ratio e a.nd, 1s included in the tabulation of

data for the - 25 geaplenes - (ta’bla II). The wing spen is uscd in
this ratio because the wing is indlcative of the radius of gyration
end the allowances ‘that should be made for the upsetbting motion due
to cross wind end-unbalenced loading of the wing.

The cwrrent U.S. Navy specification for transverse stebillty of
- ‘seaplanes (reforence 1) requires that the gross righting moment of
a submerged wing=tip float must be equal 'bo, or grsater then, the

- value - given by the equation

0.10by,
wfs

Another specification for transverse sta‘bllity of aeaplanes is

' presented by Pritchard in reference 3 » which requires that the

. buoyancy of wing-tip flosats must be great enough to. glve a gross
“righting moment » when the float i1s completely su’bmerged, of

. ,o.io'6 \%) ’ (3)

cAt' = W'h ‘sin 951 +

oy =W (he + O Jatn ty (s

The gross righting mements celeulated from equations (3) and (4) are
given in teble IT. Vearlation of maximum gross righting moment with
normal gross weight of 24 of the seaplanes is shown in figure 5-
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The cross wind that would completely submerge the tip float 1n
a rough sea (called tho critical cross wind) wes calculated for
each of the 25 seaplanes by using the formilla presented by Wood
in roference 4. = According to this formula, the bucyancy of the
tip float must be great enough to give a gross righting moment of

Whe in (¢'_L * %) » WA ‘ (5)
cos (¢l + 8y)

oty

when the float is completely submerged by the forces acting on the
soaplane. Thess forces are shown in figure 6. Mexlmum velues of
the angle of wave slope 6, -are plotted against wind spoed in
flgure T for shallow water and short fetch and for deep sea and
long fetch. The values of 8, were computed on the basis of

trochoidal waves and were derived from wmpublished date relating
lengths and helghts of waves in shallow waters end in deep sea to.
wind velocities. ‘ :

Equation (5) was used to determine the velocity of the cross
wind in a rough sea that would completely submerge the tip float
having the actual displacement as given in table I. In order to
compere the 25 seaplenes on the same basis, values of 6, for
deop sea were chosen for the calculabions, although the smaller
seaplanes normally would not be expected to operate in a doep sea.

- RESULTS AND DISCUSSION

The velues of the grosg righting momente (table II), calculated
from equations (3) and %ﬁ) , &re seen to differ greatly in the smount
of righting moment required. ZEquation (4) generally givos a larger
righting moment then equation (3). Both equations allow for the
upsetting moment dwe to gravity Whe sin ¢1- All the reserve
righting momont given by eguation ( 4) is incorporated in one term,

W /W ein 1, whereas eguation (3) allows for the effect of

wind on the wings, Wi———¥ ) and an excess righting moment,

\Wfs
W(0.06 3/W), which seemed reasonsble on the basis of accumilated
Navy experience. ‘

The gross righting moment as ectually provided and as calculated
from equation (3) using the seaplape dimensions given in teble I
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ere shown ag a funhction of the gross welght of the seaplane in
figure 5. The righting moments calculated from equation (3) are
aprroximated as a faired curvej the righting moments actually
provided ere plotted for comparison and the pilots! evaluetions

are indicated by the synbols. In gemerel, tie righting moment .
specified by reference 1l appears to be spproximately the lower
limit for satisfactory transverse stebility of seaplanes based

on the comments of several Navy pilot and civilian cbservers.

(See table II.) The seaplanes that are considered to have marginal
or vnsatisfactory transverse stability (all but two light seaplanes)
have legs righting moment than required by the Nevy specification.

The metacentric height CGM of a shilp is consldered a measure
of the transverse stability. In the case of a ship floating
upright, or at small angles of heel, the tendency of the ship to
reburn to the original pcsition, when inclined awey from that
position, depends on the metacentric height. From these considera-
tions, metacentric height would be expected to give an indication
of the transverse stablllity of a seaplane. A study of the metacentric
hoight GM of each seaplane as given in table II, however, indicates
that no apparent relationship exists between the size, configuration,
or gross righting moment and the metacentric height for the 25 gea~ -
plenes. . -

Velues of the ratlo W-l’;- ere also given in table II. With

w : 4

the exception of one seaplane that had stub wings and one sesplane

that was lightly loasded, the righting arms of all the £lying

boate ars between L.4 percent and 2.6 percent of the wing

span. The righting arms of the single~float seaplanes 2, 3, b,

and 6 sre between 3.2 percent and 4.5 percent of the wing span.

These trends do not appesr to be sufficiently consistent to serve

a3 & design criterion. ' ‘ ' . -

The calculated cross wind required to submerge the wing=tip
float for each of the 25 seaplanes, at rest or while texiing at
low speeds in a rovgh sea, is given in table II. The observed -
cross wind required to svbmerge the wing-tip floats for four of
the seaplanes is also included in this table. In each case, this
observed cross wind 1s less than the calculated value. A part of
the dlscrepancy may be the result-of the use of deep-sea conditions
for the calculations of the cross wind. The conditions of the sea
in which the observations were made are not known; the observations
were probably made in shallow water. For a given spced, as shown
in figure T, 8, for shallow weter and short fetch is considersbly
greater than' &, for deep sea and long fetch, with the result that

the calculated critical cross wind would be lower if values
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of 6, for shallow water had been used: Propeller torque and a

possible loss in buoyancy under dynamic condltions could also
contribute to the discrepancy.

Seaplane 6 is an exeample of a new design for operation under
very unfavorable conditions, such as in very rYough sea. No report
is avalilable on its operation. The calculations, however, indicate
that seaplane 6 has adequate tip~float displacement for operation
when the cross wind is not in excess of approximately 68 miles per
hour- :

The gross righting moment of seaplane 21, Whlch has stub wings,
is markedly less than that specified by formulas (3) and (4).
Several seaplemes of that design have been extensively used in
world-wide commercial operations; some difficulty, however, has
been experienced that would not occur in operating seaplanes with
tip floats. One source of difficulty has been thatb, at an angle
of heel of 00, the stub wings are not so effective when the sea-
plane 1s lightly loaded as when it is heavily loaded. In addition,
the calculated cross wing in a rough sea to exceed the gross righting
moment Tor this seaplane is 15 miles per hour. Such a low value
is believed to be undesirable even for commercial operations.

Seaplane 15, which ig also of the stwb-wing design, can operate
safely in a much higher cross wind in a rough sea than seaplanc 21.
Seaplanes 15 and 21, however, are both considered unsatisfactory
for military operation as determined by the experience of Navy pilots.

The calculated values of critical cross wind are shown as a
function of the gross weight of the seaplanes in figure 8. The
pilots' evaluations of trangverse stability arc indicated by the
symbols. Military seapleanes of 20,000-pound gross weight or more
appear to have been designed for operation in cross winds in excess
of 50 miles per hour. Seaplanes of less than 20,000-pound gross
weight appear to be satisfactory, although the critical cross wind
may be as low as 25 miles per hour.

From a consideration of all the factors causing upsetting
moments, it appears that the combination of the upsetting moments
due to gravity, wind, end waves will result in the most unfavorable
condition likely to be encountered in the operation of seaplanes.
The effect of waves appears to be an important consideration in
the design of wing-tip floats. Waves are, of course, a direct
result of wind. The wave alone, however, contributes a large part
of the upsetting moment. In a wave, the gravity component
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gin + 8y) .
Why sin §; becomes Why E{H, and @, 1is frequently as

large as (1. As the angle of heel of the seaplans beccmes greater

because of the wave slope, the normal component .ol the wind force -
on the wing is materially increased therebv causing an increase in
the upsetting moment.- LR S

‘ ‘comcLﬁSiOﬁs] N :_“&;fﬁu.“.fl

The results of: the Wesent study of tbe ‘m"ansve sea rlghting
moments provided in each of 25 seaplanes gre. summarized as. follows:

Lo Large differences.between the des;x.g)n sneci;;cdoions for
tran°ve1 ge stabllity were shown to exist,:

2. The U.S. Navy specification appears to be approximately
the lower limit for satigfactory transverse stabllity of seaplanes
baged on the comments of observers.

3. For satisfactory transverse stebility, seaplanes having a
gross welght greater than 20,000 pounds have a computed critlical
cross wind in excess of 50 miles per howr. Seaplanes having a
gross weight less than 20,000 pounds have a critlcal cross wind in
excess of 25 miles per hour.

k. The upsetting moments produced by the action of waves appear
to be an important consideration in the design of wing-tip floats.

Langley Memorial Aeronautlcal Laboratory
National Advisory Committee for Aeronautlcs
Lengley Field, Va., February 10, 1947
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TABLE IX- CALCULATIONS FOR STATIC TRANSVERSE STABILITY AND COMMENTS OF CGBSERVERS ON ADEQUACY OF ACTUAL TIP FLOATS

Seaplane

W O® -~ 0NV W e

5

EU'

M- I 3 &

°15
b16a
Y16b

23
ok

Gross righting moment Net Critical cross wind Comments of)
(1p-1t) Tgnting cap Proms| I (p) shoxrrere
L submerged | Why
Actusl {From equation (3)| From equation (4) (1b-£3) (zv) Co,lculutodl Observed 1121345
5,812 7,003 11,910 b6 6,8 Jo.o2k| 29.8 — R
10,720 9,465 15,930 7,060 9.7 | .om] 38.2 30.0 fnm s
10,870 - 10,260 16,185 7,395 10,2 | .036] 37.5 el I
14,800 15,060 20,720 9,900, 1.1 | .032] 148 N e
12,388 15,450 29,130 8,250 6.6 | .021| 26,0 20,0 }=lslsls
25,300 17,820 29,390 22,720 18,3 | JO45| 68.% ——
33,120 3k, 320 46,320 28,350 16,1 | 026 331 - s
52,725 37,050 50,830 50,975 26.2 | .032] bLL.8 -—-1 ls]e
35,020 16,180 T4, 350 25,960] 10.6 | .016] 28k ——
T4, 700 70,340 50,960 T2,110{ 1.8 | .026] 3.k —_— '
70,110 73;590 1,830 65,630 27.8 | .021] 19.3 =] | |8
79,160 3,50 | 1,830 680 3.6 | .o sk | —-—-]e
107,980 125,980 209, 580 83,810f 15.6 [ .o17{ 36.7 e { ujnin
98,150 137,790 2k, 750 70,870f 11.8 | .01k| 38.6 )
14k %00 137,790 21,750 117,120  19.5 02317 59.7 —1 s

150,100 136,890 183,030 130,140 28,7 02k 60.5 ————{.8]|8[d e

130,700 e 4108,000] 12.9 | .021] 30.6 NN
163,000 191,200 241,000 126,0k0] 23.9 019  h6.b “w==] ulyl
208,000 191,200 241,000 1T, 0h0] 32,4 | L026] 62.7 ===~} s8|s}d
176,500 188,850 262,800 141,350 2ha 022 53.7 ————] B
143,130 191,100 297,180 111,350 16.4 | .015] k0.0 ——

. 275,200 233,000 37k, 000 216,4k0] 27.3 | .025] 52.9 ~-—1 sjslg
176,500 252,040 138,070 133,300 1T.T | .016] 148.0 26.5 |
189,300 T ——— d120,000{ 2%.8 | ,010] 15.0 | W
489,300 476,250 700,160 118,180 32.9 | .020| 66.1 —_—
4o2,ko00 517,080 736,900 319,800 2.8 | .016] 6.8 .5
sk7,060 568, 280 704,700 u88,570] 39.3 | .ou7t  58.3 e gd |8

2,560,130 2,163,950 1,830,600 2,533,230] 103.7 | .020] 75.5 ——

NATIONAL ADVISORY
COMMITTEE FOR AEROMAUTICS
8comments of observers are:
satisfactory
ungatigfactory -
excellent

e HS®

bwo tip-float designs used for seaplanes 11, 13, and 16.
°Seap1a.zws 15 and 21 have stub wings.
imum valus.
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.Figure 3.- Righting moments and upsetting moments of
two seaplanes with stub wlings.
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Figure 5.- Variation of maximum gross righting moment with normal gross weight of 2+ seaplanes,
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