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Tti NACA IMPACT

OF A FLOAT

BASIN AND WATER LANDING TESTS

MODEL AT VARIOUS VELOCITIES

AND WEIGHTS

By Sidney A. Batterson

SUMMtiY

!l?hefirst data obtained in the United States under
the controlled testing conditions necessary for estab-
lishing relatlonsb.lps s.mo~ the numerous parameters
Involved when a float having bo’~~-horizcntd and vertical
velocity contacts a writer surface are presented, The
data vere obtained at the NACA hnpact Fasin. The report
Is co,nfineclto a presentation of the relationship between
resultmt velocity and impact normal acceleration far
various float wei~hts ~’!~le?~ all ~?tl~~ parameters are
constant. Analysis 01’the experjmeatal results indicated
that the maxhmxn impact normal accelei-stionwas pro-
portional to the square of tha vesultant velocity, tlm~t
increases in float weight :-esulted In decreases in tho
P.sximlmllm~aot normal ~ccelerati.on, and that an increase
in the fli~ht-path angle caused increased impact normal
accelcrfitiona

INTRODUCTION

Until the present time, almost all experimental
work related to loeds on seaplanes landing on water has
consisted of full-scale landing tests. Attempts to use
results of these full-scale tests to establish rela-
tionships amcng the various Impaot parameters have not
been very successful tor two reasons: (l)A prearranged test
program Involving the isolatlon of selected parameters
could not be carried out since the values for a number
of the variables were a function of piloting techniquo
and the natural conditions of the wind and the sea were
not controllable durln.g the test; and (2) the avallabie
tnstrumnts proved inadequate to supply sufficiently
accurate results.
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In order to overccme the disadvantages of full-scale
testing, an impact basin in which float models “couldbe
tested under controlled conditions was constructed at the
Langley Memorial Aeronautical Laboratory at Langley Field,
Va. The tirst data obtained In the NACA impact basin,
which are contained in the present report, may be used
with the results of subsequent investigations to establish
bas~.crelationships among ths impact parameters. Logical
interpretation of results of flight tests investigating
conditions beyond the.scope of the NACA impact basin will
“then be possible.

The present tests are confined to establishing a
relationship between resultant velocity and impact normal
acceleration for seaplanes of various weights. The
solution of tl.eproblem of determining lmding loads
must follow further investigations under controlled con.- .
ditiong in order to isolate the effects of a number of

. other paramete~s such as f’light-path angle, dead rise,
hull shape, and trim.

SYMBOLS
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resultant velocity of’float, feet per second

horizontal veloclty component of float, feet per
second

vertical velocity component of float, feet per
second

acceleration of gravity (32.2 ft/sec2)

flight-path angle, degrees. (See fig. 1.)

flcat trim, degrees

impact acceleration normal to water surface, g

DESCRIPTION OF AFPARATUS

Float Model and NACA IlnpactBasin

The model consisted of a float daslgnad to conform
to axceptlonally high strength requirements. Care was
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exercised during the design and construction of’this
model to obtain a reasonably smooth bottom. !J!he..sheet-
metal skin and most of the structural members were made
of dural In order to obtain the minima wel

P
t con-

forming to the load spociflcatlons. The we.ght of the
model was 4.07pounds; however , provisions were included
whereby 2000 pounds of additional weight could .bebolted
onto the sides in Increments of 25 pounds. The lines
and pertinent dimensions of the float model are shown In
figure 2. A feature of these lines is the absence of
all chine flare.

The NACA Impact basin is essentially a concrete
tank 360 feet long, 2~ feet wide, and 11 feet daep wltQ
a normal water depth of 8 fact. Heavy built-up steel
rails are suspeaded along the antire lengtlnof the tank
with the exception of the last 1}0feet, which is to be
occupied by a wave maker. The rails and a portion of
the tsnk are shown in figure 3. The upper, lowor, and
irmer surfaces of’each rail were ground straight and
parallel w~thin a toleraq3e of 0.002 inch and the sane
toleranc3 was hold durtng ifista].lationin locating the
rails with respect to each otlherand to the water surfaoe.

A main carriag~ embodying a drop linkage to which
tha model is fastenad tra’~elsdown the tank on the
rails. Fl&Ur’e1: S?lOWSthe gen3ral arrangement of the
carriage with mmy of’the secoi~darymembers omitted
i’orclearness. The basic carriage structure consists
of chrome-rr,olyhdenm steel tubing (fig. 5); the total
weight, without modal and instruments but including the
drop linkage, 1s approximately 5000 pounds. It may
be noted that both lower and upper wheels are provided. .
The upper wheels are arranged in sets of two and
located in trucks which swivel in a vertical plane
parallel to the longitudinal carriage center line so
that the load is equalized between the two wheels.
SolId-rubber instead of’pneumatic tires are used to
reduce to a mtnimum deflections mlder load. Before
installation, the outside diameter of each wheel was
ground concentric to the axle bearing and then balanced.
The lower whoals may be jacked up &gainst the lower
surface of the rails until both upper and lower wheels
axert a predetermined pressure on the rails. Oscilla-
tions transmitted to the carriage are limited by this
arrangement to vary smnll amplitudes and therefore have
little di.sturblng effect upon the actual drop process and

1 —. --
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the lnatruments. Lateral restraint Is protided by four
side wheels bearing upon the inner rail surfaces..

The drop llnkage consists of the boom and the upper
and lower linkbars, which are pivoted at both ends and
with the boom form a parallelogram type of linkage
(fig. 4). The model was fastened rigidly to the lower
boom fitting by means of bolts through three lugs built
into the float (figs. 6 and 7). By this attachment, the
float was r~strained in all directions with respect to
the boom but had freedom In the vertical direction since
it was attached to the parallelogram linkage. The lower
boom fitting Provides a means for setting the float at
various trims and angles of yaw. The float may be
dropped from any hoi.ght up to 4 feet, depending upon
the vertical velocity component desired, by engaging
the corresponding rack tcoth with a latch on the
carriage. This latch 1s releksed by means of’a trip
CX;Ilocated at the proper p~?.;lt aJ.ongone rail.
Releaslng the latch allows t+ boom and the float to
drop freely except for the restraint imposed by the
upper and lower linkbars, which keep the boom ve?tical
as the float drops. The motion Imparted to the model is
not perpendicular to the watei” surface during a large
part of the drop. Since the immersion occurs when the
linkbars are practically level, however, any horizontal
component contrltmted by the linkage arrangement is at
a mlnlmmm during tmpact and is negligible. The dropping
we!ght may b~ varied by the adciltion of lead bars fitted
around the boom sundbolted together as shown In figure 6.
The total weight O? the boom and linliivms alone, and hence
the minimum dropping weight, is 700 pounds.

In order to simulate wing lift, an air-cylinder and
pi3ton arrangement that can apply any desired lift on
the modtil up to 2!+00pounds is incorporated in the
carrla~e, Th!s mechanism 1s referred to as the f!buoyancy
engine.” The lift is applied to the model by so connecting
the boom and the piston of the buoyancy engine with h cable
and shecw sTstem that the piston Is forced to travel
against .thd alr .press’irein tl.ecylinder as the ‘float drops.
The amount of lift ex~rted on the modal depends upon the
Initial air pressurs supplled to the cylinder before each
run. The rod running upward at an angle fmm tha bottom
rear nolnt of the boom (fig. 6) 13 the lowerand co.nnec-
ti-cmof th.~cable system. ,’fiiththis arrangement the”
~pplicatlon of tho llft may be withheld throughout the
downward travel of the boom until just before the
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float contacts tha
attain the desired

L

wat9r. The float
vertical velocity

5

Is thus allowed to
component. “

The carriage has no self-contained drive but any
desired horlzon=al veloclty up to 110 feet per secon~
may be attained by means of a catapulting system. The
catapult is of the type used by the Navy on shipboard
for launching service planes and accelerates the carriage
to the desired speed In a distance of 60 feet. The drop
linkage 1s released at such a point that tha impact
occurs approximately ZOO feet from the point at which
the catapult stroke ends. This procedure allows a
period during which most of the irregularities and
oscillations inherent in the catapult run are damped “
ollt. Following tineimpact, the carriage run is
terminated by a Navy arresting gear capable of dis-
sipating Ii!hetotal kin~tic energy of the carriage in
less than 10!3feet. ,.

Instrumentation

!fheopcratlon cf the horizontal-velocity recorder
is depor.dent upon l-inch strips of thin metal, referred
to as “Int9rrurters, “ that arotrude about )4inches
below the lower inside corner o.forierail at l-foot
Lntervals throughout the len@h of the tank. These
interrupters ray be saen on the left rail in figure 8.
A photoelectric cell is located on the carri~.ge in such
a manner that each interrupter causes a break in the
photoelectric-cell circuit as tho carri~ge travels
down the tank. The current is then fed to a high-
frequency galvanmeter element of a recording osclllo-
graph fn which a shift Occiarsin the record llne each
time the photoelectric-cell circuit 1s opened by an
tnterrupte~. ~ addition, the oscillograph record

contains ~-second timing l!nes. Inasmuch as the
100

carriage is traveling at tactically constant velocity
between the end of the catapult stroke end the impact,
this veloclty cm be determined by dividing the number
of interrupters passed during this Interval by the
time.

The displacement of the boom and its velocity in
the vertical direction are also recorded by the oscil-
lograph. The displacement is recorded by a galvanometers
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element, which deflects in proportion to the emount of
current that flows through a piece of resistance wire.
The ef’~ectlve length of this wire Is varied with the
position of tho boom by completing the cincult through
a sliding contact, TLe displacement of thfs contact
along the wire follows the boom travel.. The same
apparatus is usou in the determination of the vertical
veloclty component. In order to determine the vertical
velocity component, however, the currant deriv9d from the
slide v:ireis directed Into several high-capacity condensers
mid thus electrically differentiated. The galvanomater
element records this change in curr9nt, which is a
function of the boom vertical velocity. The velocity
Is then der!vad from the recorded change in current by
reference to a suitable calibration curve.

The impact mnual accelerations wore initially
determined with an aoceleromet~r that recorded the
flexure of 6 cuatilever vane as z:aasured by a strain
gage. Ths f’raquoficyof the accelerometer was
12.j CYC1OS per seccmd. An amplifying system w~s
required, hcwaver, to adapt the .acceleromtcr to the
oscillo~ragh that racordod tha cthor %-aluss. Sinee
amplifying equipment w~s not avatlable In time for the
tests, a special recorder was necessary for this
particular instrumen~c The records ntitainedduring
the first pert of the test showed that extraneous
vibrations k.eradisturbing th9 galvanometers elmmnt
w~l~ch recorded %he impact accelerations. An accel-
erometer that roccrdeti the ang-~icrdisplacement of
m unbalanced gal.vanomcter
for ~~le rest of the best.

was tb.erafore substituted
This ln9trument bad a

self-ccntained optical r9cording syster-,hat!a
froqaer.cy of 10.~ cycles qcr seco~d, and was apparently
undisturbed by extraneous vibrations. T.hodamping was
between five-tenths and six-tenths of the critical
damplnp. I%e Instrument wac enclosed in a box and
mcunted rigjdly on the boom bgtween the front and rear
float fittirgs. l’ha~~ountirzgmay be seen in figures 6
and 7.

TEST PROCEDUiUl

The data presentad herein were
the Lnltial calibration runs at the

.— .-----.......—-,.,--.—. -.,,,,

obtained during
NACA impact basin.



l?lRii1510N

The apparatus used iilthe pi’esent tests gives
measui’ements thtitere bcli3vcd corl’ectwithin tlm
fclllow:.rlglh!its:

TIw strsd.n-~a~e accelorom.eter war;usoflthrcm@out
the series h which the dropplm: weight was 1500 pounds
but was replaced by the galvanometor accelorometar) for
the oth~r three serid~ Gf tGsts. The nccurncy of
*5 percent for acceleration ~easure.mnts ref’srsto the
galvmometer accoloro:lleter. This acouacy represents
the extreme 11.mibsof error pos3iL19 tiZfO.QqhOUtthe
range of apylied load $raquer.cieo frojmtho stahlc to
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the natural frequency of the accelerometer and is based
upon observations of a frequenoy-respons9 curve aerlved
experimentally for the instrument. Inasmuch as the
test results showed no marked decrease Ll acceleration
v&luss at high-i’requency loads, it was concluded that
the natural fr~quency of the accelerometer was not
exceeded.

In th~ lowar velocity renges, the attempt to
malntatn ccnstant fli~ht-patll angle was not very
successful, because no calibration duta were available
and ‘h horizont&l v~locity components had to he esti-
~mated~ In addition, devlntfms ,occ’.wredbetween the
vertical velcclt;f cow.pcnents expect~d fram drop calibra-
tions made with tha cfirrla&e at rest ad tlievertical
vo’Locitycomponents obtained *dring %tI.etzst runs. !i!he
magnitufio of these devlattcns d~crag~cd l~ss rapidly
than the corresnmding vtirtica?.velocity components and
themfors decrcc~sad the accuracy of tlm fllght-path
angle less at high than at low velocities.

T%3 short-dash llne3 In f’i~ures ~ to 12 hcve slopes “
that represent the proportion

and Fass through the experlmant~l Voint9 that correspond
tO tan y = 0.125 as determined fro~:figure 13, whfch
snows the varl~tlon it~flSght-p&th angle with resultmt
v910city f’ortilefcur droppi.~gv,slghts. By referring
the faired experimental curve of f’iG~uw ~ for
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tm y = 0.125 to f’Igwre.13( a), the max’hnxp normal -acoe er-
3ati,oncan be observed to be directly proportional to V

when the flight-path angle remains constant. Below 72 feet
per second, however, this proportion no longer holds
and the mzximum normal accelerations show a larger increase
with result nt velocity than is indicated by the line
for n~u 4 This trend is expected in order to be
consistent w~th the four points of figure 9 that were
obksined at tan y U 0.200. This analysis can be

.

applied to figures 10 and 12 and figures lz(b) and lz(d)$
respectively, although the range in which the flight-
path sngie ramains constant and the mount b~ which
tan y varies differ somewhat in figures 13(b) and 13(cl).
By applylng this ar.alv~is to figure 13(c), it would be
expcctod that the values of ]~~xfimm normal acceleration
and resultant valt]oit~ th~t ccr?’e=pcnd to values of V
frorl~~ fer3tper 3cc9ild (th9 goin~ at v~hich tflny = 0.125)
to tb-em=imug velocity would 3.113wsoxo promrtton
otker than yd 31r.cc t~l~ Ill-lo ri:.pmsmtil’lg tan y has
a definite slope ‘;iith_Lnthta rangflof v; that is,
at V >76 feet per soccnd, the values of maximum n rmal

9acceleration sl?culdlio below the curve for n a V
wheroag, at V < ?L fast per second, the value~of
maxiwam norm 1 accelor~tion sb-ouldli3 above th9 curve9
t’or 11~E v~. Fl~qure 11 sim$rs that suck 1s the case.
The flashed line for ni cc V2 is determined by the
t}.raopoint3 la ~igur~s13(c) at which tan y = 0.125.
If tkus uppears tln.t,p~.ovided the fli~ht-path an~le
~s c~~g~filt, t~:~~:.:~y~?~~~~no~~~~ ~+~cel=~)at~cn~r~slllti~-
fl?OLl th WiltO1. la~diil~fmpasts vary directly as the square
of th.orescliant velczities. ThLs conclusion agrees
w:th the Nevrtcnlc.rlor ~2 1=1:of fluid resistance
slnco the lRoynoLJsr.ilzhor‘::qcV?L-Tlarge. Tb-eslope
of tha line thrcurh the polrLtGi’rr tcn y = C.200 in
f’imma 9 cam-.ot‘Do relted upon ~s indicative of the
tr~s trand sinco only four points wera obtained and
Lhe r’srlgoof y was approximately 10 percent.

The dashed lines of figures 9 to 12 are replotted
in fl~;ure14, lflhi~htherefore presents the experimental
variation of maxfi:nuiLnpact ncrmal acceleration with
resultant velocity fcr various dropping weights with all
other parameters constant. It may be noted that the maximum
normal acceleration dacreases as the weight increases. The
curve representin~ a weight of i.5C0pounds shifted, as
was mentioned wa:-iously, becaus3 the galvmmmeter element
that recorded tho acca13rutiml for this series of tests
was out of balan-ce. lktramous vitrabions were therefore
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superimposed upon the accelerometer record and accelerations
greater than the actual impact accelerations were conse-
quently recorded. No attempt was made to evaluate the
decrease ia maximum normal acceleration that resulted
f~mm the increase in wetght since the data appeared
inadequate for this purpose.

CONCLUSIONS

Results of twsts ~n the NACA impact basin of the
variation with rasultant velocity cnd weight of the
normal acceleratim resulting from landlng3 of see-
planes OP.water indicated the folluwing conclusions:

1. Tha Maximum Impact normal acceleration waa
proportional to H% s~~are oi’the resultant velocity in
accordance with khe J laI.7of fluid resistance.

2. The mxlIIIum impact normal acceleration decraased
as tha weight increas3d provided all o:her conditions
remained constant,

3. An increasa ia maximum inpact normal acceleration
accompanied an lncraaw In I’1.ight-pathangle provided all
other conditions remained constant.

Langley Mejnorial Aeronautical Laboratory
National Advisory Committee fcr Aeronautics

Langley Fiald, Va.
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Figure 3.- Tank and rails of NACA impact basin. ,
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NACA ACR No. L4H15 Figs. 5,6

Figure 5.- Front view of carriage in NACA impact basin.

Figure 6.- Side view of model fastened to boom in NACA
impact basin.
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Figure 7.- Front view of model fastened to boom in NACA
impact basin.

Figure 8.- Photoelectric-cell interrupters in NACA impact
basin.
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