UNCLASSIFIED

AD NUMBER

ADO65577

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; 07 AUG 1931.

O her requests shall be referred to Nati onal
Aeronautics and Space Adm ni stration,

Washi ngton, DC.

AUTHORITY

NASA TR Server website

THISPAGE ISUNCLASSIFIED




REPORT -No. 406

DROP AND FLIGHT TESTS ON NY-2 LANDING GEARS INCLUDING MEASUREMENTS
OF VERTICAL VELOCITIES AT LANDING

By W. C. Peck and A. P. BEARD

SUMMARY

This investigation was conducted af the request of the
Bureau- of Aeronaulics, Navy Depariment, to oblgin
quanittativs information on the sffectiveness of three land-
ing gears for the ‘' NY~2" (Consolidated training) airplane.
The investigation consisted of static, drop, and flight tests
on landing gears of the oleo-rubber-disk and the *‘ Mer-
cury ' rubber-cord types, and flight tests only on a landing
gear of the conveniional split-azle rubber-cord type.

The results show that the oleo gear i3 the most ¢ffective
of the three landing gears in minimizing impact forces
and in dissipating the energy taken. The flight results
indicats that in pancake landings with a vertical velocity
at contact of 8 feet per second the maximum accelsrations
experienced ars approximalely 3.8g, 4.9g, and 4.4g with
the oleo, the Mercury, and the split-azle rubber-
cord gears, respectively.

The results also show that, in the good landings,
larger impact forces were experienced subsequent
to condact (generally less than 2.8¢) than experi-
enced at contact (generally less than 2.0g).

The oleo landing gear psrmitied severs landings
to bs made without violent rebound, but the Mer-
cury and the split-axle rubber-cord gears caused
very violent and dangerous rebounds.

A comparison of the results of the drop lesis,
based upon equal heighls of fres drops, does not
show the relative merils of the landing gears as
realized in flight tests. However, a comparison made
upon a basis of equal heights of total drop (fres drop
plus vertical movement of the load during the initial siroks
of the landing gear) is indicalive of them.

INTRODUCTION

A eories of tests was etarted in 1929 at the request of
the Bureau of Aeronautics, Navy Department, to deter-
mine quantitatively the relative ehock-abeorbing and
onergy-dissipating merits of both rubber and oleo
typee of landing gears, with a view to the possibility of
redesigning the etructurs affected by the loads imposed
in landing, To date, thres of these investigations have
been completed at the Langley Memorial Aeronautical
Laboratory, Langley Field, Va. Reference 1 gives the
results of the first investigation, tests on two F6O-4

landing gears; reference 2, those of the escond inves-
tigation, tests on a pair of air wheels. The third inves-
tigation, reported hersin, was conducted during the
period from May, 1930, to February, 1931, and con-
sisted of static, drop, and flight tests on two NY-2 land-
ing gears and flight tests only on a third.

The static tests were made to defermine the depres-
sions and compressions or slongations of the various
elestic units of the shock-absorbing eystems under
etatic loads. The drop tests were made to obtain
information on the depressions of the tires, the elonga-
tions of the rubber cords, the compressions of the rub-
ber disks, the pressures built up in the oleo cylinders,
the work done on the varioue units, the degree of
rebound, and the maximum accelerations experienced

F16URE 1.—0leo-rubber-disk type of landing-gear chassls

under impact forces. The flight tests were made to
determine the maximum accelerations and the vertical
velocities of the airplane during different types of
landings.
APPARATUS

Landing gears.—The landing gears eubjected to
tests’ in this investigation were an oleo-rubber-disk
type (figs. 1 and 2), a Mercury rubber-cord type
(fige. 3 and 4), and a split-axle rubber-cord type
(fig. 5). The respective weights of thees landing
gears, leas wheels and tires, were 94 pounds, 80 pounds,
and 85 pounds. These landing gears were constructed
for use on an NY-2 (Consolidated Naval Traming)
sirplane and during the flight tests wers mounted suc-
cessively on this airplane.
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The shock-ehsorhing system of the oleo gear con-
sisted of two hydreulic units, two stacks of ruhher
disks, and two tires. The pistons of the hydraulic
units each had an effective ares of 3.09 square inches
and contained & eharp-edged orifice 0.25 inch in
diameter. The etroke of the hydraulic unit from com-
plete extension to the point af which the cylinder
made contact with the ruhher disks was 3.65 inches.
A etack of rubber disks consisted of four, each 4%
inches outside diameter, -13% inches inside diameter,
and 1} inches thick., Metal spacers were used he-
tween the second and third disks. )

The Mercury gear consisted essentially of two eym-
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they were mounted on wire wheels and were inflated
to 50 pounds per square inch pressure.

PROCEDURE

Stetic teste.—Static tests were made on the oleo-
rubber-disk and the Mercury landing gears. In theee
teets aload was applied in increments of approximately
800 pounds on the Mercury gear and 400 pounde on
the oleo gear until & maximum loeding of approxi-
metely 9,600 pounds hed been reached. After the
epplication of each increment, meesurements were
meade of the vertical displacement of the center of the
load, the depression of the tires, and the elongation of

meetrical rigid trianguler structures. Relative motion | the ruhher cords or the compression of the rubber
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FroURE 2.~0lzo-rubber-disk Ianding gear monnted on NY-2 alrplans

between these etructures was restrained hy 34 wraps of
%-inch ruhher shock cord. These cords and the tires
comaprised the shock-absorhing system of this landing
gear,

The split-axle rubher-cord gear was of the conven-
tional type. The movements of the axles relative to
the other parts of the landing gear were restrained by
10 wrepe of %inch ruhber cord on each axle. These
cords and the tires made up the shock-shsorbing
gyetern of this gear. .

The tires employed with these landing gears were 30
hy 5 smooth-tread airplane fires. During the tests

disks. In eddition, messurements of the geometric
relations of the memhers of the landing-gear chassis
were made. During the tests on the oleo landing gear
the cylindor guides were vibmted to eimulate the
reduction of frictional effects such as are realized in a
landing. After the maximum loedings had been
reached the load was carefully removed in approxi-
mately the eame increments as it hed been applied and
the changes in the distortions of the elastic units were
recorded.

Drop tests.—The drop tests, conducted similarly on
hoth gears, consisted of & series of drops under groes
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loadings of 2,690 and 2,530 pounds, respectively, .for
the Mercury and the oleo landing gears. The tests
were carried to such a point that further inerease in

the height of free drop prohahly would have resulted

in failure of the landing gears. During the tests on
both gears the height of free drop, the total vertical
displacement of the load, the rehound, the elongation
of the rubher cords, or the compressions of the ruhher
disks, and the maximum accelerations (in multiples of
the static load) were recorded. With the oleo gear,
records of the stroke of the oleo cylinder and the
pressures huilt up in it were also made.

The test rig (described in reference 1), two control-
position recorders, & pressure-displacement recorder, a
recording accelerometer, and a timer were used during
the drop tests.

One control-position recorder (reference 5) was used
during all the drop tests, in conjunction with a svitahle
reduction linkage, to record the vertical displacement
of the load. A second control-position recorder was
used during the drop tests on the Mercury gear only,
to record the elongation of the ruhher coxds.

The recording accelerometer, a single-com-
ponent type (reference 5), was mounted on the
load platform of the test rig with its actuating
mechanism in the vertical plane conteining the

vl %
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contact had been made. In the taxi and teke-off runs,
records Wwere taken of the acecelerations developed.

The instruments used during the flight tests were a
control-position recorder, a motion-picture camera, a
recording accelerometer, an air-speed recorder, an
anemomefer, and a timer.

The control-position recorder, mounted in the fronf
cockpit of the airplane, was used in conjunction with a
treiling arm to record the history of the vertical dis-
placement of the airplane,

The trailing arm (figs. 2 and 7) had an over-all
length of 16} feet, hut because it trailed to the rear in
flight it did not make contact with the ground until the
wheels of the airplane were within 10 feet of the ground.

The motion-picture camera was employed to record
the attitude of the airplane at landing. At the outset
of the flight tests’ the motion-picture camera was
mounted on a tripod erected and leveled on the landing
field about 50 yards from the path of the landing air-
plane, and was operated at 32 exposures per scond.
During the Iatter portion of the flight tests the camera
wag mounted in the forward cockpit of the airplane
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vide & time scale on the instrument records.

The pressure-displacement recorder (fig. 6), a modi-
fied air-gpeed recorder, was used to record the pressures
built up in the oleo cylinder and the displacement of
the oleo cylinder with respect to the piston. The re-
cording range of the instrument was 0 to 2,000 pounds
per square inch. The records ohtained with this
instrument gave the relative displacement of the oleo
cylinder as ahscissa and pressures as ordinates.

Flight tests.—The flight tests were made with the
landing gears successively mounted on an NIY-Z air-
plane (weight approximately 2,700 pounds). The
tests consisted of normal (3-point), teil-high (2-point),
and “pancake’ landings and take-off and taxi runs, all
of which were made on an average grass-covered land-
ing field. The pancake landings were of two types—
one in which the airplane was leveled off at approxi-
mately 5 feet ahove the ground and allowed to “drop "
in, and the other one in which the landings were made
hy gliding onto the ground without any attempt heing
made to leve] off.

During these tests, records of the air speed, wind
speed, vertical displacements, and accelerations devel-
oped were taken from the time the airplane was ahout

Fiavre 3.—Meroury (rubber-cord type) landing-gear chassis

and motion pictures of the horizon were taken at 18
exposures per second. These motion-picture records
were used to correct the frailing-arm records for the
change in attitude of the airplane during the time the
arm was in contect with the ground. The instant of
contact of the wheels with the ground, which was
clearly indicated hy the air-speed, accelerometer, and
motion-picturs records, was used to synchronize the
records.

The accelerometer was mounted as close as practi-
cable to the ¢. g. of the airplane, and was used to
record the forces experienced in the lzndings. This
instrument was the one used during the drop tests.

The timer, the one used during the drop tests, was
employed to provide a time scale on the film records so
that histories could he made.

The air-speed recorder (reforence 4) was used during
the flight tests in conjunction with a swiveling Pitot-
static head to record the air speed of the airplane during
the landings, The swiveling head wes mounted one
chord length ahead of the leading edge of the upper
wing on a hoom secured to the left interplane strut.
(Fig. 7.) The air-speed recorder was secured in the

15 feet ahove the ground until a few seconds after . forward cockpit of the airplane.
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The anemometer, & vane-type instrument, was used
to measure the average ground-wind velocity during
the landings. It was mounted about 6 feet above the
ground on a vane erected on that portion of the field
whereon the landings were being made.

PRECISION

Static teets.—The accuracy with which the measure-
ments were teken during the etaitic tests was such
that the errors in the resulte do not exceed 1 per cent.

Drop tests.—The rocords of the vertical displace-
ment of the load (total drop) and the elongation of

REPORT NATIONAL ADVISORY COMMITTHE FOR ARRONAUTICA

Flight tests.—The accuracies of therecords obtained
from the instruments in the flight tests are of approxi-
mately the same order as those obteined in tho drop
tests,

Previous tests employing the combination swiveling
Pitot-static head and air-speed recorder installod on
an airplane in e menner similar to thet employed in
this investigation indicate that the error in recorded
air speed does not exceed =4 per cent.

It is believed that the recorded value of the wind
speed is within 3 miles per hour of the instantaneous
wind epeed &t the time the airplane made contact with

AC4
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FIGURE 4. —Mercury landing gear monnted on test rig

the rubber cords are estimated to be sccurate within
+0.25 inch and =+0.10 inch, respectively. The maxi-
mum compression of the rubber disks and, comse-
quently, the maximum etroke of the oleo unit were
indicated mechanically and measured within £0.01
inch. The pressures generated in the oleo cylinders
were determined within £ 40 pounds per square inch.

The faired curves of mazimum accelerations devel-
oped indicate that the accelerations recorded are
correct within +0.25g.

The time intervals recorded on all the instrument
records ware determined to be within #2 per cent.

with the ground. Thus, the computed ground speed
at contact is believed to be correct within 5 miles
per hour.

The change in attitude of the airplane during the
landings while the airplane was within 10 feet of the
ground was determined from the motion-picture
records within %°.

The indicated height of the airplane above the
ground was recorded by the trailing-arm combination
within +2 inches. It i3 estimated that this acouracy
enabled the determination of the vertical veloocify of
the airplane within £ 0.5 foot per eecond.
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RESULTS

General.—The total lond on the landing gear in the
etatic and drop teets was considered equally divided

between the tires. In the calculation of the impact

forces it was assumed that the instantaneous aceeler-
ations throughout the landing gear and at the center
of the load platform were of the eame magnitude.
This assumption, obviously, is not exactly true; but,
eince tbo load used in tbese teste may be considered a
concentreted mass and eince the weight of the complete
landing gear is emall in comparison with the load used,
the uee of this assumption involves a very small or

- the bydraulic-unit and the instantaneous compressive
load on tbe rubber disks.
The total work done on the landing gear during the
~drop tests was calculated by taking the product of tbe
static load and its totel vertical displacement during
tbe drop. The work done on esch of the shock-
absorbing units was determined by taking the integral
of tbe curve of instentanecus forces on it apainst the
linear distortions of the unit during its first stroke.
Statie teete—The results of the etatic tests on the
Mercury end tbe oleo gears are shown in Figures 8
and 9. The areas under the curves of increasing load

- [
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Fi1aukE 8.—Rubber-cord gear movmted on NY-£ alrplane

negligible error. By the use of the above assumptions,
the maximum forces on the tire were calculated by
multiplying the etatic load on the tire by tbe mazimum
ncceleration at tbe center of the load. Thbe load, on
tbe elastic unit of the landing gear wae calculated from
tbe lond on the tire and the geometric relation existing
between the elastic unit and the tive. The load, or
restraining force, eet up in the bydraulic unit of the oleo
gear was calculated by multiplying the effective piston
area by tbe recorded pressuredin the unit. The insten-
taneous load on the oleo unit wae determined by taking
tbe eum of the inetantaneous retarding force est up by

indicate the capacity of the varioue nnits to receive
energy. The areas under the curves of decreasing load
represent the amount of energy returned by the unit
in resuming itz normal condition and is indicative of
the tendency of the unit to cause bounecing. The
difference between the areae under the curves of tbe
increasing and the decressing loads represents the
energy dissipated.by -the unit. The reeults-indicate
that tbe rubber cords, the rubber disks, and the tires
dissipated approximately 30 per cent, 30 per cent, and
10 per cent, respectively, of the total energy received
by them.
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Drop tests.—The results of the drop tests (figs. 10
to 18) furnish a means of comparing the action of land-
ing gears under impact forces. Such a comparison

should he made upon & hasis of equal heights of total

drop of the load. This is the same as making the
comparison upon the hasis of equal amounts of energy
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in which the ¢. g. of the load was above the datum plane
at the start of the drop; in those noted as negative the
¢. g. of the load was helow the datwum plane at the start
of the drop.

The total drop is the vertical displacement of the
¢. g. of the load from the start of the drop to the maxi-

FIGURE §.~Fressurc-displacament recarder

received by the landing gears. For ease in the presen-
tation and discussion of the results, a datum plane for
zero height of free drop was estahlished. This datum
plane was the horizontal plane occupied hy the center
of gravity of the load when the test rig was in such
position that the shock-ahsorhing units were completely

mun contraction of the shock-ashsorhing units. The
total rehound is the vertical displacement of the ¢. g.
of the load from maximum.contraction of the shock-
absorhing units to the crest of the first rehound. The
free rehound is the vertical distance hetween tho ¢. g.
of the load at the crest of the first rebound and the

i ———eey W — .

FiGuRE 7—NI~-2 sirplans with swivellng Pitotstatls head and tralling arm installad

axtended and the tires were merely in contact with the
landing platform.

The free drop, noted in the results, is the vertical
distance hetween this datum plane and the horizontal
plane occupied hy the c. g. of the load at the start of
the drop. The free drops noted as positive are those

datum plane. Those noted as positive are from tests
in which the position of the ¢. g. of the load at tho crest
of the rehound was ahove the datum plane while for
those noted as negative the rehound was not sufficient
to hring the ¢. g. of the load up to the datum plane.
In the latter case the tires did not leave tho landing
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platform. The percentege rebound is the ratio,
expressed in per cont, of the total rebound to the total
drop. Tbe maximum accelerations, expressed in terme
of g, aro the ratioe of the maximum retarding forces to
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FI10URE 8.~Hystercals curve of rubber cords on Mercury-type

gear, Vvork done on rubber cords, 12,100in.+1b.; work returnod

by rubber cords, 8,460 in.-1b.; work absorbed by rubber cords,
3,640 in.-1b. or 30.1 per cent

the etatic lIoad. The stroke of the oleo unit is the
relative displecement of the oleo cylinder with respect

to the oleo piston. The cylinder pressure is the maxi-
mumunit pressure recorded in the oleo cylinder during
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its initial contraction stroke. The cord elongation is
the average elongation of the rubber cords as indicated

by the relative displecement of the units on which they
were wrapped.
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Figure 10 chowe the relations that exist between tbe
free drop, the free rebound, and the total drop for the
oleo and the Mercury landing gears. It will be noted
that the free-rebound curve for the oleo gear is wholly
negafive, indicating that the tires of this landing gear
did not leave the landing platform during drop tests.
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Figure 10.—Fres drop and fres rebound doring drop tests

The total drops on the oleo gear greatly exceeded
those on the Mercury gear for aquel heights of free
drop owing to the longer contraction etroke of the oleo
shock-absorbing unit.
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The curves of rebound and percentege rebound
(fiz. 11) indicate that the rebound wae greater with
the oleo gear than with the Mercury geer. This result
appears confradictory to the curves of free rebound

{fig. 10}, but it must be remembered that the greater
| portion of tho total drop with tho Mercury gear was
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an unresirained drop; whereas with the oleo gear, the
greater portion occurred with the tires in contact with
the landing platform. Conversely, the rebound with
the cleo gear occurred during the extension stroke of
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FrauRrE 12,—Mardmuom aecelerations developed in drop tests

the shock-absorbing unit; whersas only a small por-
tion of the rebound with the Mercury gear occurred
during the extension sfroke of the shock-absorbing
ynits. Since there were no rebounds causing com-
plete extension of the shock-absorbing units of the
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Froure 13.—8troke of oleo cylinder, maximum pressure in cylinder, elongation
of rubber cords, and load on rabber cords daoring drop tests

oleo gear the tires did not leave the landing platform;
therefore there were no positive free rebounds in the
drop tests on this landing gear. The rebounds on the

Mercury geer were, however, large enough during
some of the tests that the height attsined by the tires
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above the landing platforms represented as much as
25 per cent of the free drop. Thus, although tho
actusl vertical displacement of the load during the
rebounds was greater with the oleo gear, the fact that
the tires did not leave the landing platforms would
ndicate that rebounds with this gear would be less
hazardous than with the Mercury gear.
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Figure 12, curves of maximum accelerations against
total drop of load, shows that the qualities of the oleo
gear for minimizing impact forces were better than
those of the Mercury gear.

Figures 13 and 14 show the relative maximum dis-
tortions and meaximum loads on the shock-absorbing
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FIGUEE 15.—Total work and distribntlon of work on Merenry-typo landing gear
units of the two landing gears in the drop tests, The
relative magnitudes of these values are not only
dependent upon the impact-minimizing qualities of
the landing gears but also upon the geometric relation
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Figures 15 and 16 are furnished primarily to show
the distrihution of work among the shock-absorhing
units of the two landing gears. In this work-dis-
tribution treatment, it was not possihle to account
for all of the work done hy the load in its initial drop
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F16uRE 16.—~Total work and distribntion of werk on oleo-type landing gear

as a portion of this work was taken hy the hending
of the axles and the distortions of the structurel mem-
bers of the landing gears and test rig. As no attempt
was made to measure thess distortions during the drop
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F10URE 17.—Variatlon of sylinder pressnre with oylinder displacemaont for an
NY-2 oleo gear. Fres drop of 1 inch, Of lavel 456 inchas from top of piston
with full load on gear,

tests, the amounts of energy taken hy them could not
be computed.

Tho fipures show that when the tires were used on
tho Mercury gear thoy took a larger percentege of the
total work done hy the load than when they were
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used on the oleo gear. This fact indicates that with
complete depression of the tires a smaller amount of
work would he done on the Mercury gear than on the
oleo gear. As complete depression of the tires is
usually the limiting factor of the useful capacity of a
landing gear, it appears that the useful capacity of
the Mercury gear is considerably less than that of tho
oleo gear.

Figure 16 shows that the amount of energy ah-
sorhed hy the hydraulic unit is less than that taken
by the rubber disks. This condition, and the fact
that the stroke of the hydraulic unit was considerably
longer than the linear compression of the ruhber disks,
shows that the average retarding force offered hy the
hydraulic units was much smaller than that offered
hy the disks. In an efficient shock-ahsorhing system,
the hydraulic unit should offer the larger retarding
force and should alsc absorb the major portion of the
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Ficure 18.—Variation of oylinder pressure with oylinder displacement for an NY=2
Foles gear,  Freo drop of 1 Inch, 01l level E5$ inches from top of piston with foll
load on’gear

work done on the system, leaving the ruhber disks to
fulfill their function of reducing the taxying loads.
As the results show that the oleo gear does not ap-
proach this condition, it iz evident that an improve-
ment of the design of the hydraulic system should
be made.

Figures 17 and 18 furnish histories of the pressures
in the oleo cylinders ohtained from a 1-inch free drop
with the coleo landing gear. Figure 17 shows the pres-
sure history when the cylinder twas charged with oil
to the level indicated hy the oil gage furnished with
the unit, and Figure 18 shows the pressures, under
the same test conditions, with cylinder charged with
oil to a level approximately 1 inch helow that recom-
mended. It will be seen that when the oleo unit is
charged with too much oil, the pressure at the end of
the stroke heeomes excessive.
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Flight tests.—The results of the flight tests are pre-
sented in Tables I, IT, and ITI and in Figures 19 to 25.

The results presented in the fables and Tigure 19,
with the exception of the wind speed and the maxi-
mum acceleration subsequent to contact, are results
obtained during the initial stroke of the shock absorber
of the airplane. Tbe wind speed is the average taken
over 8 short period of #ime (usuelly one minute)
immediately preceding and succeeding the landing of
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in the maximum impact forces from 3% to 6 times the
statieload. Intheselandings the oleo gearwassuperior

to theothergearsinreducing the maximumimpaetforces.
The curves indicate tbat for vertical velocities of 8 feet
per second at contact the maximum accelerations de-
veloped with the different landing gears are approximate-
ly 3%, 4%, and 5 timss the static load with the oleo,
rubber-cord, and Mercury landing gears, respectively.

Tables I, ITI, and IIT show that the effectivonsss of
the three landing gears to reduce im-

T T
Mercury,

pact forces during the ground runs

5

was approximately the same. The

g
1\

]

o\

results also sbow that, in general, the
meximum accelerations developed

by

// =

in good landings (1.8g, 2.35g, and

2.1g) were less than those developed

[

/

in the ground runs (2.656g, 2.95g, and
2.76¢) with tbe oleo, Mercury, and

rubber-cord gears, respectively.

[

Qfeo-rubber-dis

Tbeseresultsindicate tbat the uneven-

Acceleration af confoch,

ness of the landing field governs, {o a
large degree, the maximum forces en-

—~—

countered in good landings.

In the pancakelanding fests all

5 5 7

the airplane. The maximum accelerations subse-
quent to contact are the maximum accelerations ex-
perienced in the ground runs.

The results presented in Figures 20 to 25, inclusive,
are histories of some of the landings faken for approx-
imately the last 10 feet of vertical descent of the
airplane prior to making contact. These results pro-
vide ameans of directly comparing the effecti venessof
the three landing gears. This effectiveness is based
upon themaximum accelerations devaloped at contact
(ability to minimize landing forces) and the observed
bouncing tendencies of the gears {(ability to dissipate
tbe energy taken in minimzing the landing shocks).
By making the comparison of the effectiveness of the
landing gears on the basis of maximum accelerations
at the e. g. of the airplane, the attitude of the air-
plane at contact doesnotenter into the consideration.

Figure 19 shows the comparison of the maximum
accelerations developed with the different landing
gears for various vertical velocities of the airplane at
contact. Tbe visually good landings (normal and 2-
point} had vertical velocities at contact of less than
2% feet per second. In these landings the effective-
ness of the various landing gears was approximately

“the same; the maximum impact forces vaned from 1%
to 2% times the static load. For the visually bad or
pancake landings, the vertical velocities varied from
approximately 5¥% to 10 feet per second with a varianco

) 4
Verficd! velocity of confoct, ff. per sec.
F16URE 18 —Comparison of Sight tests results of N'Y-2 landing gears

He— oo oieoiocereit, f1
M e et M oer e

but three of the landings were made
by gliding onto the ground without
leveling off. The three pancake land-
ings made by leveling off at approximately 5 feet above
the ground and allowing the airplane to ‘“‘drop in’’ from
that altitude were made on the rubber-cord gear and
are indicated in Table ITI by index a. It will be noted
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F1auRE 20.—Normsl landing

that the severity of the glide landings and that of the

“dropped-in”’ landings were approximately the same.
In most of the pancake landings the attitude of the

airplane was such that at the instant of eontact of tbe
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tires with the ground the tail of the airplane was less
than 1 foot ahove the ground.

No attenipt was made to measure the rehound of the
airplane during the flight tests hut visual ohservations
enable & very general comparison to he made of
the energy-dissipating qualities of the
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pancake landing is shown in Figure 25. It will be
noticed that the vertical velocity at confact for the
‘“glide”” landing was less than that for the ‘“dropped-
in” landing.

Comparigson of drop and flight teste—Inasmuch as

shock-absorhing units. In most of

e

=2

the landings made with the oleo gear,
there was very little rebound, but with

A

_L"-J—r_
[T

—

the Mercury and rubher-cord gearsit

-
¥}

BEEER
| |

was practically impossible to make

any type of landing without an ap-
preciable robound. Tn the sevare

L

S Mg

pancake landings with the fwo latter

gears the rehounds hecame so violent
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that it was considered unsafe to make
landings of greater severity.
The pilots preferred the oleo gear

-

o e fIL

because it ‘‘felt smooth” in landing,

Ver-tom! ity T e s

while the other two made the land-

I-J

ingas feel “stiff”’ and “snappy.”
Figures 20 to 25, inclusive, show

-
B

representative histories of the verti-

cn] displacoment, vertical velocities,
and air speeds of the airplane for the
various types of landing tests made.
The landings from which these histories were made
are indicated in the tables by index h. It will be
noted from the vertical-displacement histories that the
flight paths of the airplane in the normal and 2-point
landings were very similar. 'These histories also show

S
Time, sec.
Froune 2—Two-polnt landing
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test requirements for landing gears are specified upon
a hasis of free drops, it is interesting to compare the

results of the flight and drop tests. In the most

severe landings experienced in the flight tests (those
in which the vertical velocities at contact were 7.95
ond 8.2 feet per second) maximum

. N l | o memeei | | [ ‘_J i accelerations of 3.6 and 5.057 were

e o= T I Y I = ]""Ti"ﬁ developed with the oleo and the Mer-

! R e I | 4 cury gears, respectively. If it he as-

- | ! I "_""*-..t_ L;_}_.QJ-' sumed that the energy received hy

; ﬂ = —"*—l i il = - | _!| 1 the landing gears varied as the square.

=0 | ST T T s of the vertical velocity at contact, the

Eg = I ] ] '—'"EJ:"{H ratio of the energies received by the

i et | | i ) oleo and the Mercury landing gears

g4 11 I 3“""'*?'351:::"“ i =i was 1o 1.06. The drop-test results

g o ,E_f. indicate that maximum accelerations

?1'..' 'E - —T 5 of the ahove magnitude would be real-

xR g i T ized with total drops of 16.8 inches

é; I 222 1 'l"' = . 8 L[ 9 and 17.4 inches or free drops of 3.8

£ . T =l | _.-::¥:{L | inches and 104 inches with the oleo
4 —— " b 4 | .

T Mt waiocty 1 '“-...L_E:* L~ and .tho Mercury .landmg gears, re-

- : : : spectively. The ratios of such heighfs

A | | I | | of drop are 1 to 1.03 for the total

95 40 35 20 28 20 s .0 05 0 drops and 1 to 2.74 for the free drops.

that in landings of these types there is a fendency of
the airplane to ‘““drop in’ just prior to contact.

The vertical-velocity history of a pancake landing in
which the airplane was “dropped in” & short distance
is shown in Figure 24, The history of a *‘glide”

149900—33——11

Thus, it is evident that if the results

of the drop tests ara used to predict the
action of the landing gears under flight conditions with
respect to their impact force-reducing qualities, the re~
sults on thehasis of total heights of drop would approxi-
mate those of the flight tests, while the results on a
hasis of free drop would give very erroneous results.
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CONCLUSIONS

1. The oleo gear is the most effective of the three
landmg pears tested in minimizing impact forces and
in dissipating the energy taken in so doing.

2. The flight-test results indicate that in pancake
landings with 2 contact vertical velocity of 8 feet
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F1ouRE 23, —Two-point landing
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per second the maximum accelerations experienced
are approximately 3.2g, 4.9g, and 4.4¢ with the oleo,
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FiaURE 3{.—Pancske landing

the Mercury, and the split-axle rubber-cord geers,
respectively,

3. The rebounds, or bounces, in the severe landings
with the Mercury and the rubber-cord landing gears
were very violent and at times put the airplane in &
very dangerous attitude,

REFPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

4. The meaximum accelerations at contact in the
good landings wers, in general, less than 2g and were
of approximately the same magnitude with the three
landing pears.

5. The maximum saccelerations realized in the
ground runs were, in general, less than 2.87 and were
essentielly of the same magnitude for the three gears.

6. The vertical velocities at contact were from 0.3
to 1.8 feet per second, 0.9 to 2.5 feet per second, and
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F10URE 25.—~Pancako landing

5.8 to 9.8 feet per second for the normal, 2-point, and
pancake landings, respectively.

7. Results of drop tests should be compared upon
a basis of total drop of load rather than upon one of
aqual free drop.

LanGLEYy MEMORIAL AERONAUTIOAL LABORATORY,
Narronar Apvisorty CoMMITTER FOR ABRONAUTICS,

Langley Field, Va., August 7, 1931.
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TABLE 1.—~RESULTS OF FLIGHT TESTS ON NY-2 OLEO GEAR MOUNTED ON NY-2 ATRPLANE,

WEIGHT 2,730 POUNDS
Bpeed (. p. ) Vertieal Accelerstion (7)
Typeoflanding at contant Remarks
Atr | Wind | Ground | (fijseo) | At contaot |SIDsSanARY
]
45 --3 48 00 L75 210 Norms! landings made with wind.
45 —2 47 .85 L45 265 Do,
A7 -3 50 L1 L3 245 Do. -
59 [:] 5 18 1.4 218
55 7 48 1 L3 L9
& [:] 48 .9 L5 195
45 g 333 % % % g % 356 gather savers glids landing.
48 rdinary
48 8 38 7,08 3.8 %éli Qlided In mut 15 feat.
- R R
43 & 2.3
50 &0 e o 235

¥ Landing vsed {n histary plotted In Figure 25

TABLE II,—RESULTS OF FLIGHT TESTS ON NY-2 MERCURY LANDING GEAR MOUNTED ON NY-2 AIRPLANE
WEIGHT 2,715 POUNDS

Bpeed (m.p. h) Vertieal Acceloration ()
Type of landlog By A " X Remnarks
Alr Wind | Ground | (ftysec) | At contact &mmmm
7 43 0.8 L56 17 Taﬂnllsht!g_
L) 41 . -8 L3 1 * Parfect" p-uintla.ndtnx
7 30 I 145 2 Good landin
8 53 15 L7 Do,
z g ; t%& Att:l]gude of ah'plane changed very Little,
. 0.
. g 38 68 B.85 Qlided {rom sbont 12 lwt. TWheels alightly
first. VeryHttle boun

11 35 58 4.0 Bmooth pancalre,
10 a2 3.2 505 Veryaovera. Glided fror about 15 feet.

................. Darl'a.lttaxi

T R - R I Comparsilvely smooth.
12 38 - Falrly rongh.

¥ Landingy used {n histories plotied {n Figores 20 and 22,

TABLE III.—RESULTS OF FLIGHT TESTS ON NY--2 RUBBER-CORD LANDING GEAR MOUNTED ON NY-2
IRFPLANE, WEIGHT 2,700 POUNDS

Speed (m. p. b} Vertisal Accelaration ()
Typeof lunding B LA S . Remarks
Ar | wing | Ground | (ttsea) | At contact [BEbseqten
50 8 41 17 175 24 Tall low 2-polnt; bonnced conxlderably but not
viol anr.'ly' wind asteady.
48 10 38 L7 18 165 Exoellentmrre bo'u.n
48 8 40 18 0 3 h[gh. smooth landing, very Uttls
bn mce; wing steady,
a2 -] 58 25 L85 21 Tall somewhat low,
5 [:] 5 L8 21 08 Swmedtoﬂoatlnwﬂhtnﬂlaw
el 1 2 7t - i X Flnatadntnwithjnﬁf t of d and dropped
8 feet o grou.n and
abruptly, falrly asvers; hounced abont 1 foot.
44 g9 35 * B8 4.45 208 Falrly severs, no sharp In vertlcal veloo-
40 T 33 7.0 3.66 232 ity:bnmunwdmmo about 4 feel;
3 ary from il
hotneed ahout 1 Iootp
43 10 18 8.8 435 41 Glided In from abomt 30 fest, wheels first;
! bounoed about 3 foat,
46 12 34 (%3 338 275 Wge-aluﬂrst,faiﬂymﬂd,homoedabontl!oot,
48 7 41 7.1 4.25 3.3 Wheools first, quite violent, bueked; bommeed 2
0 feal or moro.
............................ 186 Falrly rough run. b
.................... e o L75 Represantative run. [
1 H T o N— 17 uéglannsmmmmﬂ'bucmm 4 bad to be palled
..... an.
ground.

s Drop-ln™ landings from aboat § feet altitnde. % Land{ngs usad In historfes plotted In Figures 21, 29, and 24,



