REPORT No. 366

DYNAMIC AND FLIGHT TESTS ON RUBBER-CORD AND OLEO-RUBBER-DISK
LANDING GEARS FOR AN F6C-4 ATRPLANE

By Wrinriam C. PEck

SUMMARY

This investigation was conducted by the National
Adrvisory Committee for Aeronautics at the request of
the Bureau of Aeronautics, Navy Department, for the
purpose of comparing an oleo-rubber-disk and a rubber-
cord landing gear, built for use on an F6C-4 airplane.
The incestigation consisted of drop tesis under various
loading conditions and flight tests on an F6C-4 airplane.
In the drop tests the toial work done on each gear and
the work done on each of the shock-absorbing units were
determined. For both drop tests and jflight tests the
maximum loads and accelerations were determined.

The comparative results showed that the oleo gear was
slightly superior in reducing the ordinary landing shocks,
that « had a greater capacity for work, and that it was
very superior in the reduction of the rebound. The
results further showed that for drops comparable to rery
serere landings, the rubber-cord gear was potentially
more effective as a shock-reducing mechanism. How-
eter, due to the consiruction of this chassis, which limited
the marimum elongation of the cords, this gear was
ineapable of withstanding as serere tests as the oleo gear.
The action of the oleo gear during the tesis was greatly
infertor to the action of an ideal gear. The maximum
accelerations encountered during the flight tests for
severe landings were 8.64g for the rubber-cord gear and
2.87g for the oleo gear. These were less than those
experienced in fres drops of 7 inches on either gear.

INTRODUCTION

Since an airplane must be designed to withstand the
shocks incurred in landing and taxying, a saving in
structural weight is effected by incorporating shock-
reducing devices in the landing gear. ‘The relative
merits of different types of landing gears, which in
themselves do not add undue weight or prove other-
wise objectionable, are judged primarily by their
ability to reduce these shocks to & minimum. If is
tmportant, therefore, that the shocks and resulting
forces incurred in the use of the different types of
gears under similar conditions be determined by actual
measurement.

The oleo type of landing gear is generally believed
to be more effective in the reduction of landing shocks

than the rubber-cord type. Quantitative measure-
moents, however, from which a definite comparison of
these two types can be made, are lacking.

The present investigation was undertaken to deter-
mine, for a typical case, the relative merits of these
two types of landing gears. The shock-absorbing
system for one of these gears consisted of rubber
cords and balloon tires; for the other it consisted of
oleo cylinders, rubber disks, and the balloon tires.
Static, dynamic or drop, and flight fests wers made.
The static tests were made primarily to furnish
deflection versus load data for use in the calculation
of the results obtained in the other tests. In the

dynamic tests the maximum forces developed and the -

distribution of work among the shock absorbing
units were determined for various heights of drop and
different loads. The flight tests were made to deter-
mine the forces developed in landing and taxying and
the relation of various types of landings to heights of
drop.
APPARATUS AND METHODS
APPARATUS

Lending gears.—Two deck-type landing gears, both
for the F6C—4 airplane (Curtiss Fighter), were used
in this investigation. One was of the rubber-cord type
and the other of the oleo-rubber-disk type. These
gears were standard in all respects, no changes being
made with the exception of the removal of the fairings
to ellow the installation of measuring instruments.
Wire wheels with 30 by 5, 4-ply, smooth tread, air-
plane balloon tires, were used on both landing gears
throughout the investigation. Throughout all the
tests an inflation pressure of 50 pounds per square inch
was meaintained in the tires.

The rubber-cord gear used (Curtiss Aeroplane and
Motor Corporation Drawing Number EX40512) is
shown in Figure 1. The gear was so constructed that
the rubber cords could elongate approximately 4
inches before the axle would come in contact with a
stop at the top of the axle guide.

The oleo gear (Curtiss Aeroplane and Motor Cor-
poration Drawing Number EX41305) is shown in
Figure 2 and disgrammatically in Figure 3. The
working parts of the gear are shown best in the latter
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¢« FI0URE 1.—Rubber-cord shock absorber type of landing gear
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FIGURE 2—Oleo-rubber-disk shoek absorber type of landing gear on test rig
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figure. They consisted of an oleo eylinder and piston
and a number of rubber disks; the former for the
purpose of absorbing the main shock of landing and the
latter primarily for the shocks subsequent to the initial
contraction of the units and those experienced during
the taxi runs of the airplane.

The action of the valve mechanism, which is shown
in Figure 3, was as follows: When the landing gear was
elongating or when there was no relative motion be-
tween the oleo piston and cylinder, the valve was off
the seat approximately one-eighth inch. In this
condition, the oil could flow from the piston through the
space between the valve and its seat into the cylinder.
When the landing gear was contracting the difference
in pressure below and above the valve caused it to
seat, and the flow of the oil from the cylinder intc the
piston was restricted to the small orifice in the valve.

The effective area of the piston was 2.01 square
inches and the strokes of the cylinders were 4.40 inches
from the point of complete extension of the landing
gear to that point at which the cylinders made contact
with the rubber-disk compression collar; the gear
employed 10 rubber disks 3% inches outside diameter,
1% inches inside diameter, and % inch thick. Metal
spacers were used between the fourth and fifth, and
seventh and eighth disks (counting from the top).

Dynamic test rig.—As previously mentioned, ons -

part of the investigation consisted of drop tests of the
landing gears. The apparatus used for these tests
(the dynamic test rig) is shown in Figure 2. It con-
sisted of a lower portion (hereafter referred to as the
base} and an upper portion (hereafter referred to as
the frame).
rotate about an axis through the two uprights at the
rear of the base. Two landing platforms were secured
to the forward end of the base and were placed so that
the tires of the landing gear, under test, would impinge
approximately at their centers. The platforms were
made in two units; the bottom unit consisted of heavy
planking banded together with angle iron and covered
with sheet steel; the top vnit consisted of heavy
plywood (6-ply) faced on its lower side with sheet
steel. To allow an unrestricted lateral motion of the
top units with respect to the bottom ones, steel rollers
were placed between the two units.

Instruments.—With each gear tests were made that
may be briefly deseribed as (1) static tests; (2) dynamic
or drop tests; and (3) flight tests. The actual fest
procedure will be described in detail later.

The static tests required no recording instruments.
In the dynamic tests, with the rubber-cord gear, it was
necessary to measure the elongation of the cords and
accelerations developed versus time, and with the
oleo gear, the relative motion of the oleo cylinders and
pistons, the accelerations developed, the compression
of the rubber disks, and the pressure in the oleo cylin-
ders versus time. In the flight tests these same vari-

The frame was constructed so as to.

ables were measured, and in addition, the attitude and
the air speed of the airplane at landing.

For measuring the elongation of the cords, the com-
pression of the rubber disks, and the relative motion
of the oleo cylinders and pistons, two control position
recorders (Reference 1) were used. Steel wire was
used to transmit the movement of the shock absorbing
units to the instruments rather than the cord ordi-
narily used, due to the appreciable change in length of
the cord under tension. With both landing gears
these instruments were mounted on the platform of
the dynamic test rig for the drop tests and on brackets
secured to the side struts (fig. 1) for the flight tests.

An N. A. C. A. recording accelerometer (Reference 2)

was used to record vertical accelerations. For the
+rorward side
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FI1GURE 3.—Oleo-rubber-disk landing gear shock absorbing system

drop tests this instrument was mounted on the plat-
form neer the centroid of the effective load. For
flight tests it was mounted as close as practicable to

the center of gravity of the airplane.
The pressure built up in the oleo cylinders was meas-

ured by a 2-unit recording manometer similar to the

N. A. C. A. recording air-speed meter (Reference 3),
but different in that two special high-pressure cells
were used in place of the single cell. These cells were
capable of measuring pressures up to 2,000 pounds per
square inch with & maximum movement of the center
of the diaphragm of 0.002 inch. The cells of the
instrument and the oleo cylinders were connected by
copper tubing filled with oil. To keep the tubing leads
as short as possible, the instrument was mounted on
the landing gear as shown in Figure 2 for all of the tests.

The attitude of the airplane at landing was recorded
by mesans of a spring-driven motion-picture camera
capable of teking 32 exposures per second. This
camera was mounted in the airplane just aft of the

pilot’s cockpit with the lens axis parallel to the lateral
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axis of the airplane. The aftitude was determined
from the angle between the horizon on the picture and
the frame of the picture.

The air speed of the airplane at landing was obtained
by an N. A. C. A. recording air-speed meter (Reference
3) connected to a swiveling Pitof-static head mounted
on a front strut of the airplane.

All records were synchronized by means of timing
lines controlled by a chronometric timer adjusted to
indicate ¥-second intervals.

Special film drums, internally geared so that the film
speed was 2% inches per second were used on the control
position recorders, pressure recorder, and accelerom-
eter. These drums were statically and dynamically
balanced in an attempt to eliminate the effect of accel-
erations on their rotation. .

METHODS
TESTS

Static tests.—The static tests consisted of applying
loed in increments of approximately 400 pounds and
making the following messurements with each incre-
ment of load: With the rubber-cord gesr, the elonga-
tion of the rubber cords, the change in the tread of the
gear, and the depression of the tires; with the oleo
gear, the compression of the rubber disks, the position
of the landing-gear parts with respect to the vertical
and with respect to each other, the depression of the
tires, and the variance in the tread of the gear. After
a static load equal to about three and one-half times
the normal load had been placed on the landing gear,
the load was then removed in the same increments and
corresponding measurements taken. In order to
gimulate the vibration that occurs in actusl landing,
which reduces the friction effect of the moving parts
of the gears, the gears were tapped lightly before any
of the above-mentioned measurements were. made.

Dynamic tests.—The dynamic tests consisted of a
series of free drops on each landing gear with five
different conditions of loading. The free drop of the
landing gear was considered that portion of the total
vertical displacement of the landing gear wherein the
downward or vertical motion of the test rig was
unrestrained.

With the rubber-cord gear the effective loads (. e.,
the static loads on the tires) used were 684, 1,183,
1,782, 2,258, and 2,616 pounds. With each loading
condition free drops were made in increments of

approximately 3 inches from a height of 2 inches above |’

atum to the greatest height from which it was thought
safe to drop the landing gear. With the 684-pound
load the greatest drop was 20 inches, since with this
drop a very violent rebound was experienced. With
the 1,183, 1,782, 2,258, and 2,616 pound loads the
maximum heights of drop were 24, 24, 17, and 11
inches, respectively. 'The 24-inch drop was the height-
specified by the Department of Commerce in their test
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regulations under normal load conditions for a landing
gear to be used on this type of airplane. The 17 and
11 inch drops were the largest allowed by the strength
of the rubber cords as wrapped, since with these drops
they allowed the axles to hit the stops at the top of the
guides. _

With the oleo gear the loads used were 672, 1,179,
1,787, 2,320, and 2,685 pounds. As before, the drops
under each loading were increased in increments of
approximately 3 inches. With this gear, howeyer, the
initial drop was made with the oleo cylinders in con-
tact with the rubber-disk collar and the tires merely
touching the landing platforms. From this point the
height of drop was increased up to & 17-inch free drop
with the 672, 1,179, and 1,787 pound loads, 26 inches
with _the 2,320-pound load, and 11 inches with the
2,685-pound load. With the 2,320-pound load the
beight of drop was carried to 26 inches to extend the
date beyond the 24-inch free drop specified by the
Department of Commerce.

During the drop tests on the rubber-cord gear
recards were made of the elongation of the rubber
cords and the accelerations developed for each drop.
For the oleo-gear records were obtained of the relative
motion of the pistons and oleo cylinders, the compres-
sions of the rubber disks, the accelerations developed,
and the pressures built up in the oleo cylinders.

An attempt was made to obtain an independent set
of measurements of the accelerations developed during
the drop tests by means of a high-speed motion-
picture camera which took approximately 160 expo-
sures per second. This, however, proved too slow to
mesasure the variables with sufficient accuracy to cal-
culate accelerations.

Flight tests.—The flight fests consisted of normal
2-point and pancake landings, take-off and taxying
runs with the landing gears mounted on an F6C—4
girplane. TIn all these tests the airplane was fully
loaded and weighed 2,582 pounds. In the take-off
runs the sirplane was flown off the ground rather than
“pulled off.”” The taxying runs were made at a
ground speed of approximately 15 m. p. h. into and
with the wind. The proper level of il in the oleo
cylinders was maintained for all of the tests except
three of the flight tests in which, through oversight,
there was insufficient oil. As a consequence, some
interesting information was obtained on the action of
the oleo gear without the oleo cylinders functmmng _

Measuremenf,s similar to those taken in the drop
tests were teken in the flight tests with the addition of -
a motion-picture record of the attitude of the airplane
1 the take-off and landing and a record of the air speed.

PRECISION

The control position recorders used to record t-hé
deflections of the shock-absorbing units were found to
have no appreciable lag. The accuracy with which
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deflections could be measured by this means was found
to be within +0.05 inch.

Meaximum accelerations indicated by the recording
accelerometer may have been somewhat in error due
to the necessity for damping the movement of the
indicating mechanism of the instrument to eliminate
the effect of vibrations of the instrument mounting. A
comparison of the results obtained indicated that this
error did not exceed 5 per cent.

The diaphragms of the pressure recorders used to
determine oleo-cylinder pressures had & maximum
movement at their centers of 0.002 inch. The move-
ment of the oil in the pressure-transmission tubing
was, therefore, small and praectically limited to that
caused by the compression of the oil and the expansion
of the tube. Testsindicate that the lag of the pressure
recorders was negligible. The effect of the impulse
waves in the pressure lines was eliminated by drawing
smooth curves of pressure through the records. The
pressure results are, therefore, believed to be of satis-
factory accuracy.

Difficulty was experienced in obtaining the desired
accuracy because of fluetuations in the angular veloe-
ity of the high-speed film drums used on the recording
instruments. This caused inaccuracy in determining
the variation of the measured quantities with time.
This trouble was not entirely eliminated by balancing
the drums statically and dynamically. The best
indication of the aceuracy of the results, particularly
of work versus height of drop, seems to be the consist-
ency with which the experimental peints follow the
smooth curves of the variation. From this stand-
point the results obtained with the rubber-cord gear
appear fo be good. For the oleo gear, however, the
results are somewhat erratic. The experimental points
in this case appear to be subject to an error of less
than +10 per cent. It is believed, however, that
the inconsistency of the results is partislly due to
the erratic action of the automatic valve in the oleo
cylinders.

COMPUTATION OF RESULTS

For each drop test of both landing gears the maxi-
mum forces developed in and the work done on each
complete gear and on each component part of each
gear were calculated. For each of the flight tests the
meximum forces developed and the resulting forces
in each of the structural members of both landing
gears were calculated. In addition, an estimate of
the energy absorbed by each unit of each gear for one
loading condition was made.

To compare the two types of landing gears it was
necessary to kmow their reactions when an equal
amount of work was done upon them. This was
possible when the total vertical displacement of the
gears for similar loading conditions was used as a
basis of comparison. The total vertical displacement

was taken as the vertical displacement of a point on
the test rig lying in a plane passing through the
center line of the axle of the landing gear and normal
to the longitudinal axis of the test rig. This displace-
ment was the sum of the free drop, the maximum
depression of the tires, the vertical displacement of
the test rig due to the movement of the shock-absorb-
ing units, and the distortions of the structural mem-
bers of the landing gear and test rig. The distortions
were found to be so small, during the static tests, that
they were negligible. The free drop was determined
by the position of the test rig prior to each drop. The
vertical displacement of the point on the test rig due
to the movement of the shock-absorbing units was
determined from the instrument records of these
movements and a celibration obtained from the static
tests showing the relation between the aforesaid
movements and the vertical displacement of that point.

The depressions of the tires during the dynamic
tests were not measured. In order to calculate these
depressions, it was assumed that the depressions of
the tires were the same with a dynamic force as with
s static load of equal magnitude. It is realized that
this assumption is an approximation, but is one that
will give results within the accuracy of the tests, as
will be shown later. 'To obtain the depression of the
tires for any drop test, the force on the tires was com-
puted from the recorded accelerations and the depres-
sion for this force found from the static calibration of
the tire depression versus load on the tires.

The work done on the complete landing gear was
computed for each test. This work was equal to the
product of the effective load and its total vertieal
displacement during the test.

The forces developed on the rubber cords were
found as the products of the instantaneous values of
acceleration (in terms of g) and the effective static
load on the cords. The work done on the rubber cords
could be found by two methods: (a) By finding the
integral of the curve of force on the cords (as deter-
mined above) versus the elongations of the cords;
(b) by assuming that the elongation of the cords was
the same for 4 dynamic force and a static load of
equal magnitude and by taeking the integral of the
curve of static load versus cord elongation (as deter-
mined from the static test) between the limits of load
equal to zero and load equal to the maximum force
developed on the cords. For a number of the drop
tests the work done on the cords was computed by the
two methods. It was found that the results of the two
agreed within 10 per cent. As if is probable that the
precision of measurement is of about this same order
of magnitude (see Precision), and although method (b)
was based upon an assumption that is admittedly only
an approximation, it was used in order to avoid a great
desl of tedious work. The force and the work done on

N
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the tires of both gears and on the rubber disks of the
oleo gear were calculated in a manner similar to that
employed for the calculations on the rubber cords.

Tor the 6leo cylinder, the force developed was found
as the product of the pressure on the piston and the
effective piston area. The work done on the oleo
cylinder was equal to the integral of the curve of
piston force versus cylinder movement.

The percentage of work done on each unit was found
by dividing the work done on each unit by the total
work done on the landing gear:

‘While no specific measurements were made to obtain
the energy absorbed by the landing gears, an approxi-
mate ides of the energy absorbed for one condition of
loading can be obtained from the static-load curves. If
it isassumed that the deformation of the tires, disks, and
rubber cords is the same for a static load and an equal
dynamic force, and the amount of energy absorbed by
them is the same for equal deformations irrespective of
the time interval, then the curves of increasing loads
and decreasing loads versus deformation can be used
to find the approximate energy absorbed. The area
under the curve of increasing load versus deformation
represented the work done on that unit during that
part of the static calibration wherein the load was
being increased. The area under the curve of decreas-
ing load versus deformation represented the work that
was returned by the unit during that portion of the
test wherein the load was being decreased. The
difference between the two areas represented the
energy absorbed by the unit. This difference divided
by the area under the increasing load curve gave the
ratio of the energy absorved to the work done on the
unit. Knowing the distribution of the work on the
units of the landing gear and the percentage each unit
absorbed, the percentage that the complete landing
gear absorbed was roughly computed.

In the flight tests the whole credit for arresting the
downward motion of the airplane was given the
landing gear. Actually, of course, the tail skid
arrested a portion of this downward motion; however,
crediting the landing gear with the whole work puts
the resultant calculated forces on the safe side for
design considerations. The maximum force in the
lending gear was determined as the product of the
meximum acceleration developed and the total weight
of the airplane. The meaximum force on each of the
structural members was determined by a resolution of
this maximum force into the proper components.

RESULTS

The results are presented in curve form for the drop
tests and in tabular form for the flight tests. In all of
the curves the results obtained with the various loads
used have been plotted against total vertical displace-
ment of the landing gear. The curves show the maxi-
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mum acceleration on the landing gears (figs. 4 and 5);
the maximum forces developed on the tires (figs. 6 and
7); the work done on the complete landing gears (figs.
8 and 9); on tires (figs. 10 and 11); on rubber cords
(fig. 12); on rubber disks (fig. 13); and on oleo cylinders
(fig. 14); the percentage of the total work done on the
landing gear that is done on the tires (figs. 15 and 16);
on the rubber cords (fig. 17); on the rubber disks (fig.
18); and on the oleo cylinders (fig. 19).

Table I shows the maximum accelerations experi-
enced and the maximum forces on the cords during the
initial stroke of the landing gear and the subsequent
ground runs in the flight tests with the rubber-cord
landing gear. Table II shows the maximum acceler-
ations experienced, the maximum forces developed
on the rubber disks, and the meaximum ecylinder pres-
sures generated during the flight tests on the olev
gear. Tables III and IV show the maximum forces
developed on the structural members of the rubber
cord and the oleo gear, respectively, during the flight
tests.

Curves showing the relation between the total drop
of the landing gear and the free drop are given in
Figures 20 and 21. The curves of the deformation
of the shock absorbing units versus the increasing and
decreasing static loads are shown in Figure 22.

Additional information on the action of the oleo
geer is given in Figures 23 to 29, inclusive, which show
the pressures built up in the oleo cylinders during some
of the drop tests. Figure 30 gives the maxzimum
pressures generated in the cylinders during the tests,
and Figure 31 shows the maximum resisting forces in
terms of normal static load developed by the oleo
cylinders and rubber disks during the drop tests under
the normal static loading conditions.

As a means of directly comparing the maximum
forces or the accelerations developed in the two gears
during the drop tests, curves of maximum accelera-
tions for the two gears under an approximate static
joad of 2,300 pounds are shown in Figure 32.

DISCUSSION OF RESULTS

Comparison of gears.—The results of thesc tests
show the shock reducing qualities of the two gears, the
abilities of the gears to absorb work and thereby reduce
the rebound, the comparative capacities of the gears,
and the height of drop equivalent to landings. They
also show the degree to which the operation of the oleo
cylinders approached the ideal operation. The resulis
also show the effects of variation in loading conditions
on both gears. These, however, will be but briefly
discussed while the major discussion will be on the
results of the drop tests under the approximate loading
of 2,300 potinds and on the landing tests. The results
of the drop tests will be discussed on the basis of total
vertical drop, and those of the landing tests on a basis
of similar types of landings.
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Incidentelly, from the experience geined in keeping
the gears in proper operating condition during the
investigation, some idea was obtained of the relative
amount of labor required for maintenance of the two
gears under service conditions.

A very important phase of the comparison of the
two gears is that of the maximum accelerations experi-
enced with the gears under the same or similar test
conditions. The results show that the oleo gear was
slightly superior to the rubber-cord gear in the drop
tests under a 16-inch total vertical drop, or in the
average type of landings. In the more severe drop
tests the rubber cord was potentially more effective as
a shock reducing unit than the oleo, but due to the
manner in which the action of the rubber cords was
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rubber cords
limited by the construction of the gear, the oleo was
superior in the very severe tests. This is clearly
shown by a perusal of the results. Figure 32 shows
the meximum saccelerations experienced during the
drop tests, and Tables I and II show the accelerations
developed in the landing tests. It will be noted that
the maximum accelerations experienced by the oleo
gear in the drop tests were slightly less than those
experienced by the rubber-cord gear up to a total drop
of 16 inches for which the acceleration was 3.6g for
either gear. Beyond this and up to the drop where
the rubber cords elongated to such a degree as to
allow the axles to hit the stops, the rubber-cord gear
developed the lower maximum accelerations. The
tests were not carried beyond this drop on the rubber-
cord gear as it is obvious that excessive forces would
be developed. The tests on the oleo gear were, how-
ever, carried to & free drop of 26 inches. The flight

o

test results substantiated those obtained from the drop
tests in that the accelerations developed in the oleo
gear in the initial contact with the ground were slightly
less than those experienced by the rubber-cord gear.
In the ground runs, wherein the oleo cylinders were
not effective, the accelerations experienced on both
gears were approximately the same. This also is the
case in the landing tests wherein there was an insuffi-
cient amount of oil in the oleo cylinders. In these
last-mentioned tests, the oil level was so low in the
oleo units that no pressure developed in the cylinders
during the landings.

The tendency of a landing gear to cause rebound or
bouncing is also an important consideration in its use.
This tendency is controlled by the distribution of the
work among the units of the gear and the amount of
energy each unit absorbs or dissipates. The work
done on each unit and the percentage of the total
work thet was taken by each of the units is shown in
Figures 8 to 19, inclusive. Unfortunately, in drop and
flight tests no measurements were teken of the amount

“of energy absorbed or of the rebound. An estimate

from the results of the static tests (fig. 22) shows,
however, if it is assumed that the work done on the
units under static loadings was the same as the work
that-would be done under similar dynamic loads, that
the rubber-cord gear returned about 75 per cent of the
work done on it to cause bouncing. To the pilot, the
rubber-cord gear appeared to be ‘“stiff,” and its use
made it exceedingly difficult to land the airplane with-
out bouncing. The oleo gear, on the other hand, per-
mitted landings which “felt smooth’ and only in the
most severe cases caused rebound of the airplane.
This difference in the tendency to cause rebound was
very pronounced in the drop tests. The rubber-cord
gear caused a very appreciable bounce in all of the
tests, but the rebound of the oleo gear seldom caused
the wheels to leave the landing platforms.

The previous discussion showed that from the con-
sideration of the tendency of the gears to cause rebound,
the oleo gear was very superior to the rubber-cord
gear. From the consideration of the shock-reducing
qualities, however, the oleo gear was only slightly more
effective than the rubber-cord gear in the range of the
average types of landings and superior to the rubber
cord for very severe landings, due to the limited move-
ment of the rubber-cord gear rather than to the merits
of the oleo. In the ground runs and in the cases
wherein there was insufficient oil in the oleo cylinders,
causing the oleo cylinders to be inoperative, the oleo
gear was approximately as effective as the rubber cord.
This showed that as far as the shock-reducing qualities
of the gear were concerned for ordinary landings the
oleo cylinders did not have a very great effect.
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Oleo gear.—The lack of effective operation of the
oleo gear is further brought out-by comparing the
accelerations developed in it during the drop tests with
those that would be developed by an “ideal system”
heving & stroke which would allow the same restrained
vertical motion of the load, as the oleo gear, for the
same respective total drops. This comparison can be
made by noting Figure 5. On.this figure, & curve of
the theoretical accelerations for a 2,320-pound loading
on an ideal unit with the stroke meeting the condi-
tions set forth above, is shown. It will be noted that
in all of the drops the maximum acceleration developed
by the oleo gear was in excess of twice that which
would be developed by the ideal, whereas the maximum
accelerations should have approached those of the
ideal. This wide difference from the ideal case clearly
shows that the oleo gear was not as effective as it
should have been, due either to improper action of the
oleo unit or improper design of the landing gear.

The failure of the oleo gear to operate efficiently is
further brought out by comparing the maximum accel-
erations developed with its use with those that would
be developed with the use of an ““ideal” shock-absorb-
ing system. __

By an “ideal” system is meant & theoretical one
which offers a uniform retarding force throughout its
entire stroke of such magnitude and charscter that at
the end of the stroke, it has absorbed and completely
dissipated sufficient energy to have completely ar-
rested the downward motion.

This comparison can be made by noting Figure 5,
which contains curves of the maximum accelerations
recorded during the drop tests on the oleo gear, and a
curve of the theoretical accelerations that would be
developed by an ‘“‘ideal” system having the same
stroke as that of the oleo gear under 2,320-pound
loading condition. It will be noted that the theo-
retical curve starts at 1g w1th 8 total drop of the gear
of 7.6 inches.

The resson for the break in the ‘‘ideal” curve at
1g and 7.6 inches total vertical drop may be some-
what obscure. For the purposes of comparison, the
stroke of the “ideal’” system has been assumed to be
the same as that-of the oleo gear, so until the drop is
greater than 7.6 inches, the ‘“‘ideal” system has not
been completely extended. For drops in the range of
0 to 7.6 inches, the units of the system act instantly
upon release of the load before it has had an oppor-
tunity to attain a velocity. Since the requirement for
the ““ideal”” system is that it offers a uniform retard-
ing force that will completely arrest the downward
motion, the retarding force instantly built up will

equal the force tending to produce motion which, in.

all cases, is the force of gravity. When the drop is
greater than 7.6 inches, the load has attained & velocity,
and consequently possesses some kinetic energy before
the retarding force is applied. In addition, then, to

overcoming the force of gravity, the retarding force

must offer sufficient resistance to completely absorb

this kinetic energy, and consequently, the retarding
force must be in excess of 1g.

In an elastic system, in which the initial retarding
force is zero, and in which the force during the stroke
is directly proportional to the displacement of the
units, the maximum retarding force is twice that
obtained with the use of an “‘ideal” system having the
same stroke. This may be shown mathematically as
follows:

Let E,=the energy absorbed by the ‘‘ideal’” system,
E,=the energy absorbed by the elastic system.
F,=the retarding force of the ‘‘ideal” system.
F;=the instantaneous retarding force of the elastic

gystem.
X, =the stroke of the “ideal” system.
X,=the stroke of the elastic system.

In the ““ideal” system, the force F; is a constant,
but in the elastic system, the force is proporuonal to
Xg or F 9= kX2 _.

The general ewzpresswn for the amount of energy
absorbed by the system is E= /" Fdx. Thus the energics
taken by the systems are

Er1=F1 .X;_ and Eg=%k XS’

In order to make a comparison of the two systems,
it is assumed that they have the same siroke and ab-
sorb the same amount of energy. Accordingly,

X, =%k X"
But
* Fg=]sz and X1=Xg
Therefore,
FX =kX, (3X5) = 99
or

Fl=%F2

It has been shown that the minimum returding
force offered by the ““ideal”’ system is1g. Therefore,
the smallest maximum acceleration that could be
expected with the use of an elastic system, in which the
retarding force varies from zero to-the maximum in
direct proportion to the displacement of the units,
would be 2g. h

Again, referrmg to Figure 5, it will be noted that the
sma]lest maximum accelerations recorded for the oleo
gear tend to approach 2g, which indicates that in the
very small drops, its action was similar to the above-
described elastic system, and that the retarding force
of the cylinders, during the small drops, was negligible.
It will also be noted that in all of the drops the maxi-
mum accelerations experienced with the use of the
oleo gear were in excess of twice those of the theo-
retical system.

It is realized that the conditions set forth for the
“jdeal” system can not be realized in practice, but
they may be more closely approached than was the
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case with this oleo gear (Reference 4.) The marked
difference between the action of this oleo gear and the
action of some other oleo units, with respect to the
theoretical system, indicates that this oleo gear was
not as effective as it might have been, due either to
improper action of the oleo gear or improper design
of the landing gear.

Another poor feature of the oleo units was the
breather plugs in the tops of the oleo pistons. When a
free drop exceeding 5 inches or a very severe landing
was made, oil would be thrown from these plugs and
would eventually flow onto t