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LAWDING IMPACT OF SEAPLANES*

By Wilhelm Pabst
I, Introduction

Long experience affords pleaty of data on take-off and sea-
worthiness problems for the construction of float seaplanes of
normal size. The Cesigniang of large flying boats and the result-
ing change in the type of construction and aerodynamic character-
istics call for a thorough theoreticsgl and experimental investi-
gation of the various factors affecting take-off and seaworthi-
ness, Tnis would enable designers to find the best solution fTor
each case and to avoid costly errors. The alighting or landing
impact, one of the most important questions of seaworthipess, is
considered below, A D.V.L, (Deutsche Versuchsanstalt fur Luft-
fahrt) report of January, 1928, contained theoretical calcula-

. tions, which were further doveloned and published in an early
issuo of this year's Zeitschrift far Flugtechnik und Motorluft-
schiffahrt.* The calculations will be briefly coansidered here,

e, without going into details, and the tests will be described,

II. Synopsis of the Landing-Impact Tacory

In general, impacts are produced by the collision of two
bodies having different specds. In tae case of the landing im-
pact, the two bodies are the seaplance and the mass of water ac-
celerated while landing. TFigure 1 shows a difficult dut quite
possible landing in seaway 2. The seaplane lands at the angle
of attack of maximum 1ift and, with tail down, strikes a wave
head-on. Thc mass of water to be accelerated at the instant of
landing depends on the pressure of the colliding bottom portion,
which has the width of the float or hull and a certain length a.
The energy of the flow is represented by the energy of a specific
mass of water which has the velocity of the float bottom. - For an

*1ber den Landestoss von Seeflugzeugen." ZFrom Zeitschrift fur
Flugtechnik und Motorluftsc31¢faart "Janvary 14, 1931, pp. 13-27.
Verlag von R. Oldenbourg, Minchen und Berlin.

**W, Pabs}, "Theorie des Landestosses von Seeflugzeugen." Zeit-
schrift fur Plugtechnik uvnd Hotorluftschiffahrt, May 14, 1930,
pp. 217-226., (For translation, see N.A.C.A., Technical Hemorandum
¥o. 580.) :
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infinitely long bottom, or a partion of it, i.e., for a two-
dimensional problem, a calculation is possible by disrsegarding
certain points of minor importance which will not be considered
here. The impact-pressure potential used in this connection:

leads to formulas similar to those of a plate potential, The vol-
ume of the accelerated water mass is then half the volume of a
cylinder of a diameter equal to the width of the float bottom,

In practice, the bottom cannot, however, be considered as part

of a plate of infinite length since, in this problem, the flow
about the edges cannot be disregarded.

' Considering the difficulty of three~dimensional problems,
the water mass accelerated by rectangular plates of various as-
pect ratios was determined experimentally, Without going into
details,; certain test values are plotted in Figure 2 against the
aspect ratlo. The curve is an empirical function based on
the tests, The straight dash line represents the values for the -
two-dimensional problem in which the flow about the edges 'is
neglected., As shown by the curves, however, its influence is
quite important in the considered region a/b = 1 to 2.

In establishing the equations of motion, it must be borme ..
in mind that the impact is affected decisively by the elasticity :
of the body.  This applies to the landing impact of seaplanes, K
at least of those with flat or slightly V-shaped bottoms,,as al=~ .
ready 'shown by Seewald's momentum theory. o

BEven when the impact force remains finite, irrespective of
elasticity, it must bYe investigated as to whether the airplane
is rigid under the action of the impact, The investigated system
is assumed to consist of two masses connected by a spring, a
periqdically qhick—varying‘force actlng on one of the two masses.
This force is a function of the time, but is at first independent
of tnc ‘mass, mass distribution and elasticity of the systom, .
The equations of motion are then established in the form of forced
vibrations, after résolving the force into Fourier's series. as a
function of the time,. S

The result shows that the accelerations of the two masses. - :
are approximately similar, only when the natural vibration num= .
ber of the system is at least four to five times greater than
the smallest force vibration which must be taken into considera-.
tion, If, according to this deflnltlon, the system is not rlgld“
and if the 1and1ng impact is a function. of the mass,'the mass ;
distribution and elasticity of the system must also ‘be- cons1dered.
Since, according to- measurements described below, tne ‘impact
pressures on stiff. bottoms reach frequencies of 70 to 100 Hersz or
more,.-it . is. obv1ous that the elasticity cannot be neglected, even
if a finite impact force is produced by a flat ¥V TDbottom, elas—§
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ticity being disregarded .in that case, Even rigidly bdbuilt flying
boats form no exception, since the inherent vibration coeffie
cients of the wings, usually with great decentralized masses,
engines, tanks, etc.,, are rather small, i.e., of the order of 5
to 10 Herz. A purely hydrodynanmic study of the landing impact

is therefore seldom complete., It is admissible for very sharp

V bottoms which, however, arc seldom encountered in practice.

. The above statements are confirmed by experience. The
marked, decrease of impact accelerations toward the top.is ac-
counted for only by the fact that the airplane is not rigid, but
a system of elastically combined masscs. These theoretical con-
siderations are confirmed by the fact that float bottoms dbreak
first at thoeir stiffest points near the bulkheads, Figure 21

shows a tyglcal bottom break near a dbulkhead. The s.mplest ar-

angement on. WlLCh equations of motion are based, is shown in
Figure 3. M, i's the mass of the seaplane which, in this first
approximation, 1s still rigid. The seaplane mass is connected
by a spring with the bottom, assumed to have no mass, which sets
the water mass Mz in motion., 3By approximation this method can
be extended to V bottoms or any other bottom type. . For a giv-
en depth of immersion, a water mass is then considered, which
corresponds to the displacecment of a flat bottom .of the same
width as .the submerged bottom portion, Taking the elasticity
into con31derat10n, but d1sregard1ng the damping, the general
equations of notlon are

SN 3 S A P
dt
where X3 - Xz = L - T,
.For.the-flét bottom  Mp = constanﬁ, and for the V bottom
Mz = ¢ x3°. "The general expression for any float bottom is
Mz = £f(x2). It can always be grophically or numerically inte-

grated, Cloésed integrations were carried out in two limiting
cases, one for & flat bottom and the other for a sharp V Dbottomn,

The equation was slightly extended for the flat bottom.
The aircraft was furtaer subdivided into two compound elastic
masses such'as fuselage, engine and floats for a float seaplane,
or“hull,,Wing[dnd engine for a flying boat. The solution lcads
to comnound v1brqt10ns.. The results are given in Appendix I,
Numerical or ‘graphical methods of calculation sihould be used for
SJStem“ Wltn several masses., In general, a certain numbexr of
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questions can be answered, at least approximately, by the formu-
las for the system with two rasses, The subdivision into rigid
individuzl seaplane components connectcd by springs involves a
certain risk, since the elasticities are distributed over the
whole system of masses, A closer survey shows, however, that
small elasticities affect the result less than more pronounced
elasticities, the calculation thus still retaining the value of
a numerical estimate. An accurate calculation is useless, owing
to the lack of reliable data on external conditions, such as sea-
way, and manner of landing. The accuracy is fawvorably affected
by the fact that the elasticities or spring constants are 1ntro—
duced 1nto the calculation as square roots.

"The equations were also integrated in another limiting case,
that of the sharp V Dbottom, in which elasticity is neglected
and the seaplane considered as a rigid structure. In the first
report the calculation was made for very large waves and hence
for great colliding bottom lengths. A comparison with American
tests showed the desirability of including small waves., Formu-
las for 2l1ll kinds of seaways arc therefore given in Appendix 2,
They were obtained by the following method, The experimentally
determined mass of water and its graphically obtained first de-
rivative according to the width were expressed by empirical func-
tions over the whole region and introduced into the calculatioa.
These formulas for the sharp V Dbottom are chiefly applicable
to the limiting cases. Seaplanes with such sharp V Dbottons
have not yet been built in Germany, such bottoms being unfavora-
ble for the take-oif of heavily loaded seaplanes. The impact
forces of flat V Ybottoms are approximately determined by the
two limiting cases, as shown by the numerical calculation.

ITI. Fumerical Calculation

Two other gquestions must be answered for the practical ap-
plication of the formulas., One concerns the magnitude of the
factors of elasticity, and the other concerns the length of the
bottom colliding with the water and the relative spced between
the float bottom and tre water (i.e., the seaplane speed Wlth
respect to the water), at the instant of landlrg.

~ As alrcady mentioned, the determination of marked elastici-
ties is usually sufficient. Tumerical estimates can be made in
certain cases for the elasticity of the float bottom, wing, ctec,
In other cases, as for thec determination of the elasticity be-~
tweon fuselage and float, the desired values must be determinecd
experimentally., This is achicved by vibration tests. The sea-
plane is olastically suspcanded and the natural vibrations of the
various structural nembers are rendered visidble by resonanco
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with the number of revolutions of a rotating inert mass. For
the determination of the elasticity between float and fuselage,
the r,p.m, ¢of the incrt mass is determined, at which the float
accomplishes relative motions with respect to the fusclage in
resonance with the r.p.me of the inert mass, Tnhc elasticity or
spring constants of structural members can be calculated by
means of well-known vibration formulas from this inherent vi-
bration coefficient and from the masscs or inertia moments

of fusclage and floats. he test was made on a Heinkel mono-
plane. The measured values weore used for a numerical calcula-
tion, the results of which are given below., Further tests will
show whether the elasticities of other aircraft have approxi-
mately the same magnitude,

The area of the colliding bottom surface and the relative
speed between the float bottom and the water are decisively
affected by the seaway end by the manner of landing. This
problem involves many difficulties, dune to the great variety of
the seaways (which change in wave shape and length according to
the force and daration of the wind, the length of the unob-
structed wind path and the depth of the water), and to the many
different ways of landing., A solution is possidle, however,
since the problem is not to calculate the impact force for a
specific case of laanding, but to determine the worst possibdle
landing conditions in a given case. Of a certain numder of
take-offs and landings, onc at lecast will cncounter the worst
landing conditions. The latter must be determianed in actual
flight tests, As shown below, the tests actually provide the
required information, and it is expected that they will eventu-
ally show the best landing conditicns corresponding to given
scaways. Although the final solution of this problem must be
effected by tests, we have attempted to determine the worst
landing couditions on purely theoretical lines and to calculate
the meximunm landing impact, Figure 1 shows the assumed land-
ing case., The seaway is diagrammatically represented by a
trochoid and corresponds to seaway 2, The seaplane glides hor-
izontally at the angle of attack of maximum 1lift, Under the
worst conditions it strikes a wave head-on, &s shown in Figure
1, The elasticity of the Heinkel monoplanc used for the test
was determined by vibration tests., Tne leagth of the colliding
bottom portion and the velocity component of the seaplane nor-
mal to the bottom were scaled off from the draving and used
for thc numerical calculation, The results arc plotted in Fig-
wres 4 and 5 against the bottom or kccl angle., " The intermedi-
ate values for flat V YDbottoms are obtained by approximation
in plotting a tangent to the curve of the sharp- V Doottonm
through the values for the flat botiom, The magnitude of these
valucs agrecs very well with that of the ordinary empirically.
determined load conditions. (Fig. 6), except for the influence
of the keel angle, which is interprected morc favorably by the
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theory than by the load assumptions in Figure 7.

IV,.Landing—Imbact Tests -

1 Gcneral obscrvations

In the present case the tests serve the doubdle purpose of

a) Checklng the theory and improving it by experimental
coefficients; :

b) Determining the length of the colliding bottom portvon
for different seaways and landlug maneuvers,

The three test metnods are:

l, Physical-impact tes*s on ideal bod*eo,'irrespective'
of technical problems; ‘

2.;Waterftank tests of Lull and float scale models un-
der conditions closely approaching those of
reality; : .

5.‘Aétual seaplane tests,

Physical tests. are being made in Japan, and the first re-
sults are already available. -Watanabe has made drop tests with
cones having an angle of 160° at the Tokio Institute of Physical
and Chemical Research, The impact force was determined by the
piezo—~electric method.* In the case of V Dbottoms, the theory
is partially verified by these tests,  Tie calculation, in which
the flow about the rectangular plate of the above formula had to
be ‘replaced by the flow about a.circular plate, was published in
the Zeitscarift fur Flugteciinik und Mstorluftschiffahrt as a
"supplement to Watanabe's report.** The result is here briefly
stated, Tigure 8 shows Watanabe's test points and the theoreti-
cal curve. The slight difference is apparently due to the fact
that the conditions of continuity were not fulfilled, The dis-
placement by the submerged cone banks up the water on the s1des,
with an effect similar to increasing the keel angle (Fig. 9).

The ‘dash-line curve in Figure :8 ‘was obtained by an empirical cor-
rection based on such assumptions.

*S, Watanabe, "Resistance of Impact on Water Surface." Scien-
tific Papers of the Inst. of Phys. and Chem, Research, Feb, 20,
1930, Vol., 12, No. 226, Tokio. -

**W, Pabst, "Vezylelch zwischoen theoretischer und experimenteller
Ermittlung des Stosses eines auf die Wa sseroberflache auftreffen-
den Kegels," Z.F.M,, 1930, p, 418,
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Yater-tank model tests are particularly suitable, because
"take-off resistances are also determined by them: Certain dif-
ficulties resulting from the laws of models are encountered in
model impact tests. Inasmuch as the impact forces are of a
higher corder of magnitude than the take-off resistance, the wave-
forming and frictional forces during the impact are smaller than
the inertia forces and are therefore negligible, Froude's and
Reynolds' laws of similarity can therefore be disregarded in ap-
plying the results of model tests to actual aircraft. Newton's
law of similarity cannot be applied without restriction. As
stated above, elasticity plays an .important part in .impacts,-

- The problem therefore involves elastic forces in addition to in-
ertia forces, so that Cauchy's law of similarity must be applied,
according to which a satisfactory conversion from model to actu-
al aircraft is possible only when both have the same Cauchy's
number. It is very difficult, however, -or even impossible, with
small models, to obtain the reqalslte degree- - of clastic:similar-
ity bvetween the model and’ the actual -aircraft,- Such tests are
satisfactory only when they serve. the purpose of a gencéral study
of the 1mpact " The various factors, -especially elasticity, must
then be clearly: deflned or the elastlclty of the actual air-
eraft duplicated and in ‘close conformlty with Cauchy's law of
s1m11ar1ty. Model tests, on the contrary, are well suited for
sharp V-bottom hulls, which are less affected by elasticity.

The restrlctlon of the model tests does not affect the investi-
gation of seaplane pltchlng ‘and rolllng motlons ‘in theé seaway,
Since the actual impacts are of very short duration, .the momen-
tum, Wnlcn.equaWS the time integral of the force, is rather
small owing to its short period of action, ‘in -spite of the great
impact force., It is much smaller than the momentum of the hy-
drodynamic and hydrostatic lifting forces resulting from the im-
pact, This likewise accounts for the failure of impact measure-
ments plotted from photographs of seaplane motions, or from model
tests, since the quick but very small accelerations .correspond~-
ing to the impact, are. too small. as compared with the slower but
nuch greater acceleratlons due .to bottom effects - or buoyancy, to
be recorded by the instruments. Besides, a double differentia-
tion of the recorded values would always., encounter difficulties,

These considerations led to the undertaking of full-size
tests which, in addition to purely technical difficulties, pre-
sent certain other disadvantages., Thus, in checking the validity
of a theory, the effect of the seaway, landing speed, etc,, are
very difficult to determine, so that other factors, such as the ’
keel angle,'cannot‘be'CIearly defined, - The tests described be-
low show, however, that these disadvantages are not s6 great as
feared, being largely offset by the advantages offered by the
results of such:tests for the further development of seaplane_i
types and for .the study of the theory of the landlng impact, -and
which are not offered by any model or laboratory tests, -
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Ea,Apparatus

Full-size flight tests consist chiefly of float-bottom or
hull-bottom pressure tests and elongation measurements of the
float structure and of other structural members for the determi-
nation of the stresses and forces,*. This involves the measure-
ment of very quick and sudden motions. The problem is greatly
complicated by the violent motlonslend accelerations of the A
whole seaplane and by the engine vibrations, The size and weight
of the instruments must be greatly. reduced, in order-to - increase
- the number of test points or statlens. Much trouble is =lso. ..
~caused by the chemical and mecnanlcal effects of tae spray.g

. These difficulties had to be overcome by a . spec1a1 test
lmethod which, on account of its exten51ve app11ca0111tj, has _
already been descrlbed by the wrlter.** According to. this meth-
:od ,the. elongatlon, proportional to the stress w1tq1n .the- elas—
Stic 11m1t of the material, is directly scratched by.a .diamond on
’glass in. very fine lines which are measured m1croscoplcally.

The . detrlmental bending vibrations of levers are thusravoided,
the- recordlng inertia considerably reduced . and the sens1t1v1ty
greatly increased (Fig. 10). The pressure measurements .are made
in-a, 51m11ar way. .A flat box is attached.to the bottom:of the
float or aull and a thin plate is soldered over. 1ts cut-out -
port1onv631 .11).. The deflection of the plate:by- the pressure
is transniti ed +hrougﬂ a hole in the float bottom. te the record-
ing dev1ce 1n51de of the float and scratched by:a.diamond on . .
01ess.§ ”he ;ndlcatlons are practically unaftected oy.inertia.:
The natural vibration number of the 1nstrument in.air;.-was 1500
Hertz, whlch wovld 1nd1cate approximately 1000 Hertz in water,
so that, accordlng to tne well-known condltlons, pressure vibra-
'tlons of. about 250. Hertz were recorded practically without er-
TOr, .- Inesmuch as. the observed frequencies -were. of. the order of
75 to lOO Hertz,_tho pressure neagsurement -was prectlcally unaf-
fected. bv rnertla.; The ,two instruments are shown .in.Figures 10
and . 1l, :: ribures 12~ 14 are microphotographs of. the -recorded dia-
'grams. Further detalls are contained in the above-mentioned re-
porte. . ::..- : o o

. 3, .Float-gear force measurements
.q.'i:f ' ! ' '

- Tne stresses 1n the float gear of a nelnLel monoplane wer.
measured flrst as..a.means of checking the tneory and the calcu-
1at10n.ﬁ The stresves -can be divided, in the usual manner, into

*E.gﬁeemald, tFber die Hessung der Kraf e an Luftfahrzeugen,
Z.oF My 1928, ped74,. (For translauzon, see T.,A.C.A, Tecnnlcal
Memorandum 'No, 519,) = .

**W, Pabst, "Aufzeichnen schneller Schwingungen nach dem Ritzver-~
fahren,"V.D I., 1929, pe 1629,
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main and sccondary stressces. The main stresses were produced
in an ideal framework under the action of the inpact forces.
They were accompanied by sccondary stresses, produced by moments
at joints and welded points, and by vibrations in the struts,
A complete picture of the stress distrivution woulad reguire- the
testing of three or four marginal Iloexs of each strut, located
at intervals of 90° about the strut axis. Such tests Would not
only yield the result nt forces and their moments in space dur-
ing a take-off or landing, Put also any additional stresses pro-
duced by moments on the supports and by vitrations of the struts,
Such a complete test could not be made for lack of the reguisite
number of extensometers. The scope of the test had, therefore to
be greatly reduced which was made possible by using the seaplane
"HE 9a" for the tests, The struts of this seaplane are made of
‘rolled str eamllﬂed stecel tublng and show no tendency to vidre
or . collanbe in .the plane of their maxinmnum width, Tpe elonbatlon
Lin ‘the forward marginal fiber was therefore assuomed to be pro-
portional to the- strut fo*cc,-wnlch was actually confirmed by
uhe uostso} In view of the great scopc c¢f the problem, the deter-
nination of the secondary stresses due to strut vibration had to
be foregone, notwithstanding their importance. loreover, the
test was confined to .the determination of the vertical and hori-
aontal componexn ts of one side only and the determination of the
lateral 1mpacts was thcrefoie postponedo

1gure 15 ’AOWS the peanxane used Ior the tests, a Heinkel

"HEE 9a”‘monop1anc, which was kindly furnished by the Travemlinde
experlmental section of the German Society. of A:x rcraft Construc-
. tors, The most 1nporuunt data rebhrdlug this seaplane are given
in the appendix (3). Figurc 16 shows the installation of the
extensometers which, according to the probilem, wore mounted on
all struts having both vertical and horizountal components. The
advance of the rccording glass plates was occomplicshed through
flexible shafts by means of a water-tight electric motor mounted
on top of the float, The motor was started from the observer's
seat during take-off and landing maneuvers. The cxtensometers
were wrappod in s¢1lcloth.‘ The wrapping was rcmoved from the
diagonal strut in .Figure 16 which collapsed durlng the . 1ast
test. Figure 25, which shows the rear attachment -of +he WHE 51!
float, affords a better idea of the instailation of the .extenso~
meters, . The method of attauhment has been. recontly 1m0roved
The very iastructive bottom—nressure megsurements had to be omit-
ted in the present. case, bccause the only available . instrument

czuld not be.. readlly relnstalled in the float after it had be-
come loose during a preliminary take-off ¢ - Attention is called
instead -to other botuom~pressure mchsufements on a s1m11ar seag-

.. plane, the "HE 5," which are described below. Thrce - take—ofls
.and three landings in dw;ferent seawvays, each w1tn flat .and . V- .
bottom floats, -were originally planned, This progr m could not,

however, be fully carricd out, duc to damages sustained by the
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float gcar, so that only a swall number of tests were made, two
of which consisted of only one or two take-offs and landings,

The landings were made with idling engines. The seaplane’
was observed and filmed from an acconmpaanying boat, while its
landing speed was recorded from another boat by means of a can-
era, During the tests the weather was cloudy and the visibdility
poor, so that most of the landing pictures could not be inter-
preted, The same statement applies to the stereographs of the -
wave motion which were taken for the determination of the sea-
way. The stereoscopic method also proved unsatisfactory for .
other reasons, so that another method is being considered for
future tests. The figures given in this report for the differ-
ent seaways are based on naval practice. The wind velocity was
recorded near the shore. The seaway and wind did not correspond,
The wind was stronger than would correspond to the seaway, be-
cause the tests were made near the shore, The higher wind veloc~-
ity was offset by the greater landing speed. The impact forces:
scaled off at different mcments from the extensometer diagrams
are given in the test results in the appendix. They are obtained
as usual by the coanversion of elongation to tension, tension to
member stress and by the addition of the vertical and horizontal
components of the member stresses for the front and rear joints
and for the connecting member, The mean stresses and the force
- components in the individual struts are given for two tests =
one landing and one take-off (Nos, 5 and 6 in the appendix),

~Figures 17 and 19 show the direction and point of application
20T the impact forces on the secaplane during a2 landing and take-
.0ff, and Figures 18 and 20 show their succession during the take=~
off and landing., TFigure 12 is a microphotograph of the extenso-
meter diagram, which was plotted on the forward fuselage strut
during a landing,

According to the numerical tables and to Figurcs 17 and 19,
the resultant force is often slightly inclirned backward, while
it is to be expected that the resultant wiil be perpendicular to
the float bottom, since the water can exer’% no tangential forces
-other than the negligibly small frictional forces. It is still
uncertain whether this is due to errors of measurement or inter-
pretation, whether, perhaps, the tubes are not accurately rolled
to the section assumed in the calculation or whether certain
fixation moments are developed, It is indeed conceivable that,
undcr the action of the impact, the deflection of the bottom
may cause the float bulkhcads to project as transverse cdges,
in which case the fluid pressure might also produce horizontal
forces, This assumption is favored by the fact that most of the
oblique resultants act directly in front of the bulkheads, More-
over, the slight elasticity of the bottom near the bulkheads in-
creases the pressure at these points, so that the bottom usually
gives way first in the neighborhood of a bulkhead (Fig., 21).
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This problem may eventually be solved by avoiding the errors
due to secondary stresses, It is hoped to accomplish thie by &
special fleat gear with ball joints and individually calibrated
members, so as to eliminate errors due to fixation moments and
to inaccurate cross sections,.

Figure 22 shows the vertical forces in the float gear for
different take-offs and landings and for different seaways, as
plotted against the distance from the C,G. The resulting groups
of points were delimited by curves which indicate the maximum
vertical impacts for the corresponding seaways, It is particu-
larly significant that the groups of noints can be approximately
limited toward the rear by straight lines passing tarough zero
at .the step and having roughly the same slope in the wvarious
series of tests with flat-bottom floats. According to theory,
the c.pe of uniformly stifif bottoms of constant width is assumed,
for reasons of symmetry, to be in the middle of the colliding
bottom area or in the middle of the corresponding float length,
forward of the step., Confusion must be avoided with the c.p. of
planing fleat bottoms in the case of dynamic 1ift, when the ac-
celerated water mass flows in from the front and is chiefly ac-
celerated by the front end of the planing bottom. 1In this case,
therefore, the c.pe. lies guite far forward., The possible addi-
tional dynamlb 1ift, due to the forward motion of the airplanes
and the resulting sllgbt forward shifting of the c.,p. are neg-
lected in the present case, especially since the position of the
CePe is slightly affected by differences in the bottom stiffness
due to the frames and bulkheads, Figure 23 shows the seaplane ’
with colliding bottom areas of different lengths, (a) and (b) in
seaway 2 and (c) in a heavier seaway., The direction of the im~
pact force in the neighborhood of the step depends on the length
of the colliding portion of the bottom., This is no longer true
when the colliding portion of the float is closer to the bow,
The magnitude of the impact force depends likewise on the volume
of the accelerated mass of water or on the length of the collid-~
ing portion of the bottom, According to Zeitschrift fur Flugtech-
nik.und Motorluftschiffahrt, 1930, page 220,

Pmax = Ca o775~

A further approximation shows that Mz 1is négligibly small as
comparcd with M, for a small aspect ratio a/b. For very
small aspect ratio Mz = C a® b,

Pnax = C' ¢4 a.

Theoretically, the increase of the impact force in front of the
step is approximately linear for small aspect ratios of the col-
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liding portion of tho bottom, The slope of the straight line is
indepcndent of the secaway and is af fected only by tho land1ng
specd and the angle of 1mpact.

The possiblec length of thc collldlng portlon of the bottom
"in the most unfavorable case depends on ‘tho seaway, as alrcady
mentioned, According to Figure .23 the length of the colliding
portion of the bottom increases with ‘the seéaway. The resultant
of the impact is then greater and located farther forward, as
shown by the shifting of the manlmum 1mpact force (Flb. 22)

We shall now compare the calculatlon on page 223 of the
Zeitschrift fur Flugtechnik und Metorluftschlffahrt of 1950
with the test.results. The calculated impact force on ‘the fuse~
lage is 6 G in seaway 2, whlle accordlng to the test, ‘it sllght~
ly exceeds 6 .G in a seaway averaging 2. The agreement is theré-
‘fore very good. According to ‘the above con31derations, the as-
sumed length of the colliding bottom and angle of impact:on ]
Whlch the .theoretical calculation is based must be sllghtly im=
proted., Tne length of the colliding bottom in Flgure 92, which "
corresnonds to the worst landing conditions, is approx1mate1y
a/2 = 72’ Cm or a = 144 cm, The structure of the seaway seems,
therefore,‘to have differed from the fully developed seaway,
which may’ ‘vary with the force of" ‘the wind and the place where
the test is made. -The larger bottom area shows .that, for approx-
1mately the $ame impact force, the impact angle between ‘water
and float bottom, assumed to be 129, must really have been- small-
er. According to a reversed calculation this angle should be
about 10°° £6r. 90 km/h and a = 135 m. The angle varies with the
landing: maneuver and speed and the attitude of the seaplane.
Besides, on shorter and steeper Waves the maximum impact is
sblfted forward and the float bow is subjected to greater stress-
es., The béest: 1and1ng maneuver for any given seaway must be de-
tcrmlned experlmentally. A simple ond easy method for the de-
'termlnatlon of the seaway, or at'least of the wave height and
‘length, ig particularly desirable. , In general, a thorough
knoWle&ge of seaways, especially of*those of the North Sea and
Baltic Sea, would be helpful with a view to improving the sea-
worthiness.

The values obtainecd for a V-bottom float are also plotted
in Figure 22,  Since, however, the woves were higher (seaways
2 to 3), thc ‘values, in spite of the V bottom, are greater than
those: for the flat-bottom float in seaway 2. ﬂotw1thstand1ng
the varying test conditions, the effect of the V bottom is shown
by the characteristic limiting line through the step., According
to the above statements the slope of: this line, for the same
1and1ng speed and angle, depends only on the shape of the float
bottom. ‘Urider these conditions the effect of the keel -angle on
froats of- equal width is eXpressed. by .the ratio between the tan-
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gents of the angles of inclination of the limiting lines, 1In
the present caso, this bottom factor is approximately 80%,
whereas the theoretical factor is V0% (Fig, 24), f the uncer-
tainty of the above assumptions, due to the small number of

test points and the interpolation of the theoretical calculation,
be dlsregarded, the discrepancy can be attributed to the chines
which, although neglected by'the thecry, undoubtedly increase
the impact force, The small discrepancy between calculation
and test is probably due to the wave along the inclined sides of
the bottom on each side of the kesl, the effect of which is simw-
ilar to that produced by increasing the keel angle, A similar
phenomenon was observed in comparing the theory with Watanabe's
test results, Tnpe effect of the kecl angle must have becn as-
signed too much importance in the theory, since, even after tho
elimination oi the chimes, the actual valucs lie between the
theoretical load assumpticns and those of the D.V.L. A more
accuratec determination of the corrcction factors of the theorct-
ical calculation would requirec furthor tests,

-4, Fuarther stress mezsurements

Several elongation disgrams are shown:ix connection with
these float-gear force measurements, They were not obtained by
a systematic investigation, dut plotted during the first test
of -the extensometers, They make it possidle to allow for the
lateral impacts and the strut vibrations, which were n0u taken
into consideration in the force ﬂbbsurcments.

The lzteral impacts, which tend to turn the float about its
longltudLnal axis, are converted, in Heinkel monoplancs, into
bending moments in the float struts ond in the forward and recar

selage struts whickh are welded to the former. Figure 25 shows
the manner of installation of an exteusomeitecr on the fusnluge
strut at the marginal fiber of this plane of flexure. Figure 26
shows an elongation diagrem, It was plotted during the landing
of o seaplane on sheltasred water, but in a strong wind and con-
sequently on rough water, so that the stresses were rather large.
The diagrom seems to be ohe of resonance vibrations produced
by a quick succession of impacts of short woves. The freguen-
cies of the diagram agrec well with thése observed in a vibrags
tion test, During o vidbrotion test on a2 similar seaplane, an
"iE 8," a torsional vibration cf the float about its longitudi-
nal axis developed at 820/min, = 13.7/sec., while the diagranm
shows a frequency of 12 to 13 per second. The greatl stresses cven
on sheltered water indicate that thc admissible stresses arc lia-
blc to be greatly excecded on unsheltered water, Expericence
shows, however, that such is not nccessarily the casc, When the
wave motion ccascs to be in resonance with the float. - motion ow-
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iag to the much longer period of the séaway, the great softness’
due to the relatively small vibration coefficients tends to re-
duce the impact force., The vertical impact in rough water may-
be cut down by reducing the stifiness of the float gear., This
can be achieved by springs,; which would facilitate landing on
relatively smooth water with only short low waves. The danger
of resornance vibrations may be further reduced by means of damp-
ing devices, The V bottom is usually nuch better suited for a
reduction of the impact, when the take-off is not too unfavora-
bly affected. :

Figure 27 was plotted on a diagonal fuselage strut of an’ ‘
"HE 5" during a landing., Congiderablc stresses wore also -set up
in this.case, They may be due to the fact that bending vibdbra-
tions were produced in the strut by stresses, whose period de-
pended on the impact vibraotions of the whole system, including’
the scaplane, floats and water., Such bending vibdbrations tend to
cause prematuroc buckling, . - : '

Ia order to use the sthut material to the best advantage,
the natural vibration numbers should bhe determined by tests,
these being of great assistance in the detcrmination of the land-
ing impact forces, as shown bdy the good agrccmeant betwecen calcu-

lation  and test, The usual test arrangement for the determina-
tien. of wing vibration can be changed for the determination of
landing impacts. The airplane may be suspended (by elastic

springs, rubber cord, etc.) in such a manner that the bottom,
over a certain length forward of the step, can be dipped in the
water, The impact freguencies are then set up by inertia in
accordance with the vibrating water mass, and the impact for a
given: bottom length is thus directly detcermined, It is then
easier. to; discover whether iandividuel! struts are in .resonance
with the netural vibrations of the whole system, which can then
be .changed Dy 1ncrea51ng the 1nert1m moment of the cross: scctlon.

Ow1ng to 1ts effoct on the 1mpact ard to ites dependence on
the seaway: the length of the colliding bottom affords a crite-
rion for the safety of the landing impact. The statement of the
bottom length which, at normal landing speed and unfavorable
angle of impact (pulllﬁg up.in level fllght), allows the 0,02
yield limit. of the Weagest:se‘plane part (assumed dbreaking point)
to,be exceeded, renders it possible to estimate the heaviest sea-
Way in which tho seaplane can land and from which it can take
-off, . Be51des, the relative- length of the colliding bottom, ex-
pressed in per cent of the length of the float portion: forward
of the stop, shows the relative degree of safcty of a seaplane
as regards its landing impact. This method has the advantage of
1ndlcat1ng the 1and1n6e;mbact characteristics of a seaplane in-
dependently of the seaway, of its structure-and of the pilot'!s
skill. in landing the sevplane.: It thus répreseiits a sort of cri-
terion for the safety of the landing impact,
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5, Bottom-pressure measurements

- The bottcm-pressure mcasurenents made last year. were chiefly
devoted to testing the instrumeuts described above. The only
apparatus avalilable for this purpose was a bottom-pressure indi- -
cator, The device was mounted 35 cm forward of the step and 20 -
cm from the central line on the flat bottom of a wooden float of -
the "HE 5," ' Many tako-offs and landings were made in the sea- -
plane harbor and a few in scaways 1 to 2, Figurc 13 is a dia-
gram of the bottom pressures measured during a landing in sea-
way 1 to 2. It shows clearly the rapid pressure vibrations
superposed at certain points over the slower pressure vibrations
probably corresponding to the dynamic 1ift, The laotter, due to
their longer duration, affdct the motion of the airplanc much
more than the-b eter but qu1c“°r pressurc vibrations of the im- -~
pact. .

“"Tho’maximum pressures weore:

*:1 In the Traveminde seaplane harbor:
' "while taking off, 1,0 to 1,35 kg/cm?,
in one case 1.6 kg/cm?;
while landing, 1.1 to 1,35 kg/cm®,
in two cases (loveled off high above the water)
- 1,95 aid 2,1 kg/cm °

2e In seaway 1 to 2:
SR " while taking off, 1,25 to le9'kg/cm3;
- whlle landlng,i 1,45 to 1,75 kg/em?,

The frequency of the impacts was approximately 70-100 Hertz.

Tho measured volues agrece fairly well with the theory. Calcu-
lation gave 1.8 lf;g/cm2 and a frequency of 72/secc., in seaway 2.
Any matcrial incregcse in the measured pressures with increasing
seaway is not-to te expected, since the bottom pressures arc

only slightlyiaffcctod by the arca of the colliding bottom and
acnce by -the sSeaway, A theoretical determination of the bottom
pressurcs is theréfore gquite possible, but it must be remembered
that the pressured on -flat-bottom floats are materially affected.
by the elasticity of the bottom, Owing to the very irregular
distribution of elasticity over the float bottom, the pressures
are small at:icertain points and-great at others as, for example,
near ‘the bulkheadsy This is confirmed in practice by the fact
that float bottorns usually break first in.the neighborhood of

the bulkheads, This is true only of ‘f1lat and slightly V-shaped
bottoms, but not of sharp V bottoms which are less affected by
elasticity,. The different degrces of elasticity of flat.bottoms
are shown by the frequency.of~the pressure diagram, which might
also pe a cenvénient way to obtain data on the elastic proper-
ties of various bottom types for futurc calculations,
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Another, but lecss accurate method for the determination of
impact forccs on the bottom consists in plotting the deflections
of the bottom planking under the action of pressure and calcu-
lating thc corrcsponding bottom load by mcans of calibrated val-
uqs;‘ The latter can be obtained by comparing the bottom deflce-
tions produced by hydrostatic pressure while floating, planing
and “teoking off., Figurc 14 shows a dicgram of the deflections of
the bottom- planking of a large flying boat during take-off which
were plotted with the above-described extensometer and were not
affected by inertia. The compound bottom vibrations are clearly -
shown in the diagram, ‘ K :

In this coannection attention is called -to the American mecas-
urements made by Thompson.* Tho instruments used were confined
to the determination of maximum bottom pressurcs, The units op-
eratc on the principle of opposing the force due to water pres-
sure on one end of a plston by a force due to the known pressure
of a spring on the other end When theé water force exceeds the
force of the spring, the piston moves o short distance and makes
an elecctric contact which rocords the fact., It is thus possible
to rccord two piston pressurcs, the onc just exXcecded and the
other not yct recached, the actual bottom prossurc lyiang between
thesec 'two valucs, The theory was checked as far as nossible by
these tests.

The test values agreec very well with the theoretical values.

The speed componcnt was the indicated velocity against the water
multiplied by the sinc of the angle of inclination. This is cor-
rect only for a horizontal flignt path at thc moment of landing.
The colliding bottom length was taken from the above tests and
reduced to the scale of the wave height. Thus, for a wave
hcight of 40-45 cm, the specd is 76- 89 km/n for a 1and1ng angle
of 13°, a fuselage acceleration of 1.4 to 2,8 g, and a bottom
pressxro of 0.34 to 0,69 kg/cm®, whilc an accecleration of 2,5 g
and a pressurc between 0,51 and 0,7 Lr/cm were measured., The
agrbomcnt between tecst and thecory is quite satisfactory, and it
is hopecd that the load assumptions will eventually be replaced
by calculations which will bettor satisfy the rcquircments of

ach particular case. Many tests arc still regquired to complete
tac theory and to providec the cxperimental data for calculation,
The londing impact is only onc of the many scaworthiness prob-
lems (such as stability, drifting, m;nouvorlnb, and water ham-
mering) aWaltllg cxperimental solutlon. ’

*F, L, Thompson, "Water Prossure Distribution on a Twin-Float
Scaplane." (W.A.C.A. Teochnical Report Wo, 328, 1929,) '
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V, Summary

The theory cf the landing impact is briefly stated and the
applicability of a previously suggested formula is extended:,
Theoretical considerations régarding impact measurements on mod-
els and actual seaplanes are followed by a brief description of
the instruments used in aciual flight tests, ' The report con-
tains a description of the strehgth conditions and deals ex-
haustively with force meazsuremeats on the float gear of an
"HE 9a' with flat-bottomn aqd with V-bottom flocats., The experi-
mental data are given and compared with the theoretical results.
In general, the numerical agreement is satisfactory, exzcept for
the influence of the kecel angle, which is underestimated by the
load assumpticns of the D,V.L, and overestimated by.the theory,.
Scveral calculations -are corrected on the basis of the tests,
Stress measurements on float gear struts, bottom-pressure meas-
urements on an "HE 5" float and deflection measurements on the

bottom of flying boat are also mentioned in the report. The
agreement oetwepn theory and practice is foiund to be good in the
present tests, as well as in earlier Amcrican tests, With a

view to furuher research on the problem of .the landing impact,
attention is called to the importance of secavay measurements
and airplane vibration tests.,. Horeover, inertia voefficients
are suggested for the development of landlng—lmpact safety fac-
tors,. : :

VI. Appendix
1, Culculatlon of thes landing impact of a flat-bottom
seaplane (Fig, ?8) :

Forces on the fnsslage (mass M,):

PRETES - s

'P1 = oc,, ka H 9, P = : ____..__
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Forces on the float (mass i:):

1t

Y . e (A + 3--C
P, Ca th M V¥ ¥ o= 53 ( erf¥7§_>

C = ¢t t.s

r s

The bottom pressure is to be determined by P,  and by the
area of the colliding bottom, ' '

General formula (from a single mass system):.

Prax = caA/aimﬁ; ®; where @ = /i%fgfa and W = gﬁ
in these formulas,
¥ = mass & whole seaplane M; + M.,
¥, = mass of fuselage = r H,
2 = mass of float = s Y,
iz = mass of Wéter .
- W= o p——iﬁlﬁ (1 - 0,425 ——EL:‘?—;)
8 Ja& + v a® + v
ki = ¢c k = elasticity between I, an&‘ﬂg;
X = e k = elasticity between o and Uz,
k; ks |
B o= ET-E—E; total elasticity.between Ml and Msa,
Cgq = Sin O vg,
v, = landing speed,
o = angle of impact,

a = length |
v+ of colliding portion of bottom,
b = width
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2. Calculation of landing impact of a seaplane, .
' with a sharp V bottom

The impact force P:

: a 2
P = °a2 tan = —9—2—§~—§
(1 + )
\ M/
where C = 0,786 e“°'2?7.%..
. s .o - o
. i a® b / a-b \
d. = - ———mememrmemomomeer l - Og4: 5 ———————
an o My 8. P /a2 + b2 N ,2, a? + b2/

r j f . i
and ly = 5 0 —pmme (1 - 00425 20 z

for twin-float and twin-hull seaplanes,

and
a = the colliding bottom length,
b = the width of float or hull,
a = angle of V or keel angle, -
c, = specd -component normal to the water,
M = seaplane mnass,
O = density of the water,

The maximum impact force may be produced by wide hulls bo-
fore complete immereion of the V bottom, and hecnce beforc the
maximum bottom width is reached, which must be governced by the
introduction of different values for b. In this case the max-
imum impact force is substituted for the impact force as decter-
mined by the introduction of the hull width b, The impact
forces on flat V-bottom hulls or floats arc detcrmined from the
data for sharp V bottoms and flat bottoms.

o



20 N.A,C.A, Technical Memorandum No. 624

3. Characteristics of the experimental seaplane,
a Heinkel monoplane, "HE 9a" (Fig. 5)

Total weight ..¢i..tieeras.. G

1]

3000 kg

ifoment of inertia

about spar aXis....oeeee.. 1000 kgms®,

o
]
I

Ting 1023ing..veeeveescesees G/F 63,2 kg/m®

it

PoWer 108QiNg «.coceevevnnes G/N 4.25 kg/np,

il

Landing speed seeeevessncess V 80 tp 90 km/h

a) flat,
b) with a keel angle of 161°.
Capacity: a) and b) Jg = each float 3000 to 1
G = 143.0 kg |

a)
Weight l
7 ) Gs = 147.2 kg

1l

Moment of iner- 2) Bs 48,9 kg/ms?
tia about the l

transverse aXis b) 8

47,6 kgms®

Flotation gear:

Material: _Spreamlinod steel tubing,

Breaking strength 48 kg/mm®,
from data supplied by manufacturers.
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4, Numerical Values of the Test Resulis

A. Tests with Flat Rottom Floats, November 28, 1829.
Pilot, Roth.
Table I: First position. Place: Iubeck Bay, opposite Brodten.
Wind: 6 m/s, in gusts up to 9 m/s south.
Seaway: slightly exceeding l; Direction: same as wind.

(a) 1. Landing Landing speed: 100 km/h
No. 1 2 3 4 5 6 7 8
Time after first contact '

with water S 0.3| 0.8 2.5 | 2.9 | 3.5 | 4.0]4.45 | 5.2
Vertical forces forward kg [2670 | 4520 |1160 {2180 | 3110 | 2860 { 2520 | 3200
Vertical forces aft kg | 3740 {2200 | 1560 | 2330 | 1610 | 950 | 1220 | 1350
Total vertical forces kg | 6410 | 6720 [ 2720 | 4510 | 4720 | 3810 | 3740 | 4550
Horizontal forces kg | - 70 | 1315 25 55| 860 | 745 | 585 | 845
Distance from C.G. m |0.13 |0.74 |10.1510.28 10.71 10,93 10.75 10.82

(The pressures are positive)
(v) 1. Take-off A Take-off time: 9 seconds
No. 1. 2 3 4. 5. 6 7 8
Time after opening :

throttle s | 2.8| 5.4 7.5 7.8| 8.8 9.2 9.9 |10.9
Vertical forces forward kg | 1360 |1020 |2350 | 2520 | 3930 |1840 | 1840 | 2520
Vertical forces aft kg 85 | 840 {2320 | 1070 | 1540 | 1570 | 1940 | 2200
Total vertical forces kg | 1275 | 1860 | 4680 | 3590 | 5470 | 3410 | 3780 | 4720
Horizontal forces kg|{ 305| 40| 325 | 655 | 900 {-125°] 215 |- 70
Distance from C.G. m [ 1.39 10.45 10.32 10.82 | 0.85 [0.43 0.41

0.30
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4. Numerical Values of the Test Results

1.

with Flat-Bottom Floats, November 28, 1929.

+
v

A. Tesis
Pilot, Roth.
Table I: First position. Plece: Iubeck Bay, opposite Brodten.
wind: 6 m/s, in gusts up to 9 m/s south.
Seaway: slightly exceeding 1; Direction: same as wind.

(c) 2. Landing Landing speed: 100 km/h :

No. 1 2 3 4 5 6 8 9
Time after first contact . , '

with water s 0 |1l.6] 2.21 2.9 3.4| 4.0 | 4.4| 6.2| 7.3
Vertical forces forward kg | -53514660 [2670[1840 | 18402010 | 1840 |2520 {3490
Vertical forces aft kg | 11652670 |12102980 | 2310|1770 { 1135|1505 |2875
Total vertical forces kg 630 7320 | 38804820 | 415013780 | 2975 {4025 {6365
Horizontal forces kg 5! 735 | 600|~ 40 30} 235 | 390! 740} 480
Distance from C.G. m |-2.87i0.66 10.78[0.05 | 0.2010.41 | 0.6210.9010.45

(The measured stresses are shown in Tgble II.

Figure 5 shows
forces on the flotation gear, and Figure 7 the time curve while landing.)

the resultant

(d) 2. Take-off , Take-off time: 11.7 seconds
No. _ 1 2 3 4 5 6 7 8
Time after opening ’ .
throttle s |2.45 |3.20 |5.95! 7.40 | 8.85 | 10.35 | 11.2 | 11.7
Vertical forces forward kg | 850 850 | 4370 3200 | 2525 | 2865 | 3155
Vertical forces aft kg | - 30 |-160 {3120 1165 | 1800 | 1820 | 4040
Total vertical forces kg | 820 | 690 | 7490 4365 | 4325 | 4685 | 7195
Horizontal forces kg | 310 | 300 | 355| 660 |- 60 320 | 370
-Distance from C.C. m |2.41 {2.09 | 0.53]1 0.89 10,53 | 0.6010.18



4, Numerical Values of the Test Results

A. Tests with Flat-Bottom Floats, November 28, 1929.
Pilot, Roth.

Teble I: First position. Place: Lubeck Bay, opposite Rrodten
Wind: 6 m/s, in gusts up to 9 m/s soutk
Seaway: slightly exceeding 1; Direction: same as wing.

(e) 3. Landing

AL

Xo. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time after first contact <

with water : S 0.1 0.911.5112.30{2.65| 3.213.75| 4.26.45| 6.7]2.45| 8.8{9.05110.3
Vertical forces forward kg | 3410|3490{2670|3410 28103410 3210!2840 {4465 {3010 2695 |3350 3180 {3010
Vertical forces aft ke 185013900 308012260 |17201 68011865 |2400 |1850 {1740 {1040 {1680 [2330 | 785
Total vertical forces kg E260 | 7320157505670 453015050 138904705 {6865 14750 |2735 |5030 [5510 13790
Horizontal forces kg - 65| 345 50| 680| 535 645| 370 370 870 375 840| 595 540 730
Distance from C.G. m 0.6910.2610,2410.5710.6210.,7511.1110.58(0.6S 10.6510.8610.7310,5011.03
(f) 3. Take~off Take-off time: 10.1 seconds

No. 1 2 3 4 5. 6 7 8 g 10 11 12 13 | 14
Time after opening ' |

throttle S 3ell 3,67 4.2 4:.615.,05] €.116.7516.75:7.15, 7.7:8.05} 8.6C.15110.1

" Vertical forces forward kg | 234523452600 |1955 |34%5 (1785|1820 (1845 |2125 |3350 |1675 {2330 |4465

Vertical forces aft kg 840| 995| 890(1180| &70| 940 450i1576|1170 11765 (25901820 }4510
Total vertical forces kg 3185 {3340 [3490 (3135 14365 1272512270 3415 {32985 {5115 {4265 ;4150 {8575
Horizontal forces kg 260{ 60| 330] 90| 668 60|~ 10| 170{ 915} 225|- 50| 90! 600
Distance from C.G. oo} 0.9010.8210.9210.6311.0510.70!1.05!0.4310.68{0.7010.0710.5010.33

(The stresses and forces in each strut are given in the asppendix (6), while Figure 6 shows the dis-
trivution of the forces about the floiation gear, and Figure 8 the time diagram of the impacts.)

Yeg *ON UmpUEIONS) [EOTUNOSL 'V*0'V'i

22
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Table II: Second position. Place: Iubeck Bay, Pelzerhsgken
Wind: 7 m/s, in squalls up to 10 m/s south
" Seaway: nearly 2, parallel with wind

(a) 1. Landing
- No. 1 12 3 4 5 6 7 8 9
Time after first contact

with water s 2.35/2.65(3.05(3.35{3.,70 |4.10]4.60({5.50| 6.0
Vertical forces forward lg | 12850| 1440|2450;171011480 |2900 (3410|2815 3980
Vertical forces aft kg | 2270/ 2615|3155(2980|2185 | 1680|3915 (15101655
Total vertical forces kg | 3520 40555605 (46903665 | 4580 {7325 {4325 {5635
Horizontal forces kg 65| 625| 185|-175|- 60 | 595| 475| 15| 815
Distance from C.G. m |-0,021-0.02(0.18 010.11 10.6510.2410.69(0.82
(2) 1. Lending .

No. 10 111 |12 | 13 | 14 15 . 16 | 17 | 18.

Time after first contact .

with water s 7.7517.85(8.20{9.55(|9.65 | 10.8|11.8[12.3{12.8
Vertical forces forward Xg | 5080 (5090|2610 ;42254225 | 4610|3720 |3410|5100
Vertical forces aft kg | 1585(43003650|-120|4215 | 1000{1410 (1375 855
Total vertical forces kg | 6675|9390|6260{4105|8440 | 561015130 (4785|5955
Horizontal forces kg 380| 555| 260| 95{ 550 | 675| 590| 180(1110
Distance from C.G. ! 0.96 0.1311.6010,32 11.,1010.8710.8411.19

10,43




|
Table II: Second position. Place: Lﬁbeck Bay, Pelzerhsken

Wind: 7 m/s, in squalls up to 10 m/s south

Seaway: nearly 2, parallel with wind
(b) 1. Take-off

No. 1 2 3 | 4 5 6 7 8 9 10 (11 | 12 {13 | 14
Time after opening

throttle s |2.65) 4.9| 5.4| 6.8] 6.9| 8.,3| 9.5(10.5/10.9(11.4(12.1(12.4(14.2|15.2
Vertical forces forward kg | 1150| 2550/1870|3495| 5000 | 4805 [5630|2960}2185 (2865 (2790|3580 |3980 {2475
Vertical forces aft kg 45 27501 210|1790| 4360| 39103500 15651770 24033352335 {4115 | 3335
Total vertical forces kg | 1195 530020805285 $360| 8715|9130 |4525 (3955|3105 [6125]5915 |8095 |5810
Horizontal forces kg 45({-1715{ 75| 255|-1700|-1970| 950| 535| 335| 215 475{-175| 230|-145
Distance from C.G. m |1l.44} 0.2811.2910.72) 0.41] 0.4510.6110.70!0.4610.7610.,2210.58:0.3010.15

(During the last take-off the starboard float sprang aleak on the outer side of the step. This re-
sulted in occasional strong forward horizontal forces on the tested port side of the float gear
(columns 5 and 6). An explanation is afforded by the fact that the port side was deflected
apout the vertical axis under the action of the torsional impulses of the starboard float due to
the lesk. These phenomena ceased at higher speeds, at which the damaged float was relieved by
the aileron moments. The crack in the float Lottom was probably started during the first land-
ing, while the actual leak began during the next take-off. The tests with flat-bottom floats
were then discontinued.)

B. V-bottom float ‘ Place: L%beck Ray, opnosite Brodten.
Wind: 8 m/s, in gusts up to 13 n/s
Direction: southwest. Seaway: 2 to &, parallel with the wind.
(a) Landing '

Yo. 1 2 3 4 |5 6 7 8 9 [10 {11 ] 12 | 13
Time after first contact i

with water s 0 1.36i2.8213.31:3.76 | 4.50{5.10({6.13{6.36|6.78]7.50{7.88]9.,13
Vertical forces forward kg - 2960|5420 44006230 | 480524703300 30103930 307027303300
Vertical forces aft kg' 1945| 50 4351895 590|1735(1105| 735! 50]|-385{1055} 740
Total vertical forces kg 490515470 ;4835|8125 | 5395|4205 {4405 |374513980 |2785]3785 | 4040
Ho.dizontal forces kg 8452245 | 570 760 | 1480] 705{-260| 455|1350] 45| 480} 795
Distance from C.G. m 0.5811,5011.3110.97 | 1.,27/0.541{5.9311.06{1.5011.7810.8611,09

(Column 3 shows a strong horizontal force in front of the bulkhead, at the forward attachment poirt of
the float. It seems ns though the crack, noticed after the second take-off, had already been
started. Column 6 shows likewise a strong horizontal force in front of the bulkhead at the for-
ward attachment point of the float.)
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Table II:

Second position.

Place:

Iubeck Bay, opposite Brodten

B. V-bottom float Wind: 8 m/s, in gusts up to 13 m/s
Direction: southwest. Seaway: 2 to 3, parallel with the wind.

(b) 1. Take-off :

No. 1 2 3 4 5 6 7 8 . 9
Time after opening :

throttle s 6.3 6.7 8.1 9.0 9,38 10.3 11.3 11.8 16,7
Vertical forces forward kg 5080 8480 3300 7120 3060 6120 2935 5870 29
Vertical forces aft kg 290 1350 3185 2280 2290 1155 270 3940
Total vertical forces kg 5380 9830 6485 9400 5250 7275 3205 9810
Horizontal forces kg 2385 3580 - 875 2000 520 1920 440 1185
Distances from C.G. m 1.40 1.20 0.35 0.95 0.97 1.15 1.51 0.57

(In this case also, strong horizontal stresses were developed, when the impact was exerted on the

subsequently discovered crack in the bottom.
from the float by the occupants of the accompanying boat.

After the take-off, no water wss observed to flow
The crack near the bulkhead may not

have been commletely developed, so that the water which had penetrated into the float escaped
slowly and could not be distinguished from the water dripping from without.)

(c) 2. Landing

No. 1 2 3 4 5] 6 7 8 9 10 11 12 13 14
Time after first contact ‘

with water s 011.4712.9813.6514,3314,6715.08{6.09{6.55i{7.03{7.45{7.92{8.85(12.1
Vertical forces forward kg | -563]2960 {2490 4270 2280124904080 13590132751245012620 1387017130 12960
Vertical forces aft kg | 15902865 (3280 77521451060 7861314011950/2435|~ 10/1235(1220] 240
Total vertical forces kg | 1025 {5825 |5770|5045 {4525 | 3550 {4860 6730 (5225] 4885|2620 {5105 | 8420 {3200
Horizontal forces kg 85| 730| 365]14C0! 720! 25515401030 840 655 1900 _770 3115| 730
Distance from C.G. m -3.910.3510.1711.1610.3910,8111.14i0.4110.6310.3311.5410,95/1.1611.35

(Here also strong horizontal stresses

were developed when

the bottom collided

in front.)

$e9 coN umpueIowSN TEBOTUYISL "V O'V'N

92



¥.A.C.A. Technical Memorandum No. 624 ' 27

",

Table II: Second positidn. Place: Lubeck Bay, opposite Brodten.

Wind: 8 m/s, in gusts up to 13 m/s '
Direction: southwest. Seaway: 2 to 3, parallel with the wind.

B. V-bottom float

(d) Take-off Take-off time: 14 seconds

No., 1 '} 2 3 4 5 6 7 8 9
Time after opening

throttle S 5.25|6.39;7.10;7.38,8.,86] 2.30]110.2{11,.8|13.5
Vertical forces forward kg | 2960{262013700,2730|3470| 425014760 (3000|2765
Vertical forces aft kg | @455! 830| 510i2560| 445 (41325 375[1925|2720
Total vertical forcses kg | 54151345014210:5270|3915 5575|5135|51555485
Horizontal forces kg 100{1395{1735} 100| 570 810|1410{ 45| 580 -
Distance from C.G. m 0.4410,9211.2410.3611.26} 0.9611.35!10.6310,34

(In this case also, strong horizontal stresses were developed, when the

bottom collided at the forward attachment point. Much water flowed
from the float after the take-off. The tests were then discontinued.
The damaged float is shown in Figure 10. Another test was made subse-
guently in a heavier seaway. The diagonal fuselage strut collapsed,
with the result that the extensometer mounted on this strut was dam-
aged. The edges of two other extensometers slipped during drift-
anchor maneuvers. Therefore the results of this test could not be
utilized.)
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5. Stresses snd Forces in the FTlotation Gear of an "HE 9a"
with Flat-Bottom Wooden ¥lnats ¥hile ILanding in Ssaway 1
Second landing in position 1, Hovember 28, 1929
1 2 3 4 5 6 7 8 9
Abscissa 0 32 45 59 68 81 89 125 149
Time 0 1.6 2.2 | 2,9 3.4 4,0 ] 4.4 | 6.21 7.3
Forward O kg/em?| -200| 1200 | 700 | 500 | 500 | 550 { 500 | 700| 900
fuselage Pv kg -680 4080 | 238G 11700 |1700 {1870 |1700 [2380 | 3060
strut Pr kg -3601 21501 1250 | 900 | U0 | 980 | 900 [i2501! 1620
Rear 0 kgfem®| 210{- 3501 -200¢ | 150 | 150 {-100 |- 50 [~ 50| 400
fuselage Py kg 600 {-1000 | -570 | 430 | 430 | -280 1-145 |-145| 115
strut Py kg 40f- 65| - 4 30 30 |- 20 |- 10 |- 10" 80
Diagonal O kg/cm®| -180| 400| 200 | 300 300 | 200 | 100 | 150| 450
fuselage Py kg -415| 920 460 ! 690 | 650 ! 460 | 230 | 320]| 1040
strut Pr &z 4651-1030 | -500 {-780 [-780 |-520 [-2€60 {-390]-1160
Forward O kg/cm® 50| 200 100 50 50 50 50 50! 150
wing Py kg 145 580 220 140 140 140 140 | 140 430
strut Py kg 1057 4<01 210 | 105 | 105 | 105 | 105 | 105, 320
Rear 0 kgfem®| 220 600! 300 { 500 | 300 | 400 | 200 | 350! 400
win Py kg 5951 1600 | 810 (1350 | 810 1080 | 540 | 950, 1080
strut Py kg 40! 110] 35, 90| 55 70| 3| 65! 70
Diagonal O kg/em®|{ 150 450| 200 | 200 | 150 | 200 | 200 | 150! 250
wing Py kg 385! 1150| 510 510 | 380 | 510 | 510 | 380| 640
strut Py kg -285! -850 | -380 |-380 |-280 {-380 |-380 {-280| -480
Y Py forward kg -5351 4660 | 2670 {1840 [1840 ;2010 | 1840 (2520 3490
Y Py aft ke 1165 2670 | 1210 {2980 |R310 | 1770 | 1135 | 1505 2875
Z Py kg 63017330 | 3880 | 4820 |4150 | 3780 {2975 | 40251 6365
% Py kg 5| 735 600 - 40 | 30 235 | 390 | 740} 450
Distance a m -2.87| €.66 0.78 10,05 |0.20 {0.41 [0.62 {0.90| 0.45
|




6. Stresses and Forces in the Flotation Gear of an "HE 9a"
with Flat~-Bottom Wooden Floats While Taking Off in Seaway 1
Third take-off in position 1, November 28, 1929

1] 2 3 4] 5 6 7 81 9 10] 11 12 13 14

Abscissa S 84| 93| 101] 109 | 122] 135] 143 | 154| 161 | 172 | 183 | 201

Time . 3,1| 3.6| 4.2| 4.6 5.05| 6.1 | 6.75(6.7517.15| 7.7]/8.05 | 8.6 19.15 |10.1

Formard O kg/em@ | 650] 650 | 700! 550|- 900| 500 | 450| 500| 600 | 900 450 | 600 | 1100 -
fuselage Py kg 2200{2200 | 2380|1870 | 3060 {1700 | 1530 |170C [2040 | 3060 {1530 | 2040 | 3740
strut Py kg 1160{1160 | 1250 980} 1600| 895 | 805| 8951070 | 1610| 805 | 1080 | 1970
Rear o kg/cmf | -200|-200 | -250{-150| ~400|-200 | ~150| 504100 | =350 | 200 | -200 | 400
fuselage Py kg -570 |-570 | =715 |-430 |-1150 |-570 | -430 | 145{4285 |~1000 | 570 | -570 | 1140
strut Py ke - 40|~ 40 | - 50}- 30| - 75{- 40 | - 30| 10{+ 20| - 65| 40 |- 40 75
Diagonal O kg/em@ | 250| 350 | 300| 30C| 300 200 | 250} 25C| 200 | 400| 300 ; 350 | 500
fuselage Pv kg 575| 780 | 690| 690| 690 460 | 575| 575} 460 | 920| 690 | 800 | 1150
strut Py kg -645|-900 | -675|-675| -675|-515 | ~645!-645!-515 |-1030 |-775 | -850 1290
Forward O kg/cne 50| 50 75! 30| 150 30| 100} 50 30| 100| 50 | 100 | 250
wing Py kg 145! 145 | 220 85| 435! €5 | 290| 145! 85| 290| 145 290 | 725
strut - kg 105] 105 | 160 65| 310| 65| 210) 105; 65| 210| 105 210 525
Rear 0 kg/emf | 120] 150 | 150} 200 230| 200 | 200 200| 180 400| 350 | 400 | 450
wing Py kg 325| 405 | 405| 540! 620} 540 | 540i 540 485: 1080| 950 | 1080 | 1200
strut Py kg 20{ 25 25! 35 40! 35 35| 35! 30| 70| 60 70 80
Diagonal O kg/cme| 200| 150 | 200] 150! 280} 200 | 150| 120! 2001 300} 150 | 200 | 400
wing Py kg 510| 380 | 510; 380; 710| 510 ; 280| 310: 510 765| 380 | 510! 1020
strut Py kg -380|-285 | -380!-285| -532]-380 | -385!-230|~380| -570(-285 | -380 | =760
L Py forward kg 28452345 | 2600[1955| 3495(1785 | 1820(1845|2125| 3350{1675 | 2330 | 4465
L Py aft kg 840! 995 | 890/1180| €70] 940 | 450157611170 1765|2590 | 1820 | 4510
£ Py kg 3185[3340 | 3490|3135| 4365{2725 | 2270{3415[3295; 5115|4265 | 4150 | 8975
T Py kg 260] 60| 330|" 90| 68! 60 |- 10! 170| 915| =225{- 50 90| 600
Distance a m 0.90/0.82 | 0.92/0.63! 1.05/0.70 | 1.05!{0.4310.68| 0.70{0.07 | 0.50| 0.33

Translation by Nationsl Advisory Committee
for Aeronautics.
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Figs. 4,5,6
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Fig. 10 Scratch-recording extensometer
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Fig.1l6

Installation
of
extensometers
on

flotation
gear of

HE 9a.

Fig.21

Crack in
float
bottom

near
bulkhead.

Fig.25

Installation
of
extensometers
on

flotation
gear of

HE 5.
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Fig. 22 Vertical forces in floatation gear during various take-
offs and landings, plotted against distance
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Fig. 23 Seaplane with different colliding bottom lengths.
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Figs. 24,26,27,28

624

cal Memorandum No.

i

N-A-C.A. Techn

*4894 pue £Lxoeyy °‘suorqdumsse peOT
03 Futpaoodoe ‘erfue Teey Jo 399IJH HZ *S1d
or3ue 1eey
002T oOPT  o0ST 09T Q04T 008T
0

i | 1 T T

? 05 4

A Lxosyg
S — ¥ ////,//v\
/M L
suoT4omsse w%l 001

A

%

*4na3s Teuodetp e uo pejjord ‘weaferp
038108 UOT3BIUOT® Jo ydexFoqouydoaoIi 22 *3t1d

.>>> >> >>,>\,<2>\( \C ;\/ AV c).\z\, H@a 2

=

Illz.m.ﬂllli

¢ HH uUe J0 jnIj3s aIerosng
IBaI 3¢ pejjord ‘wexferp uolysfuclse peyoqesos e Jo ydeafojoydoIoIi gz *3td

e P VYR

U B —

o



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45



