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Lengtb ______ _ 
T ime ________ _ 
Force ___ ____ _ 

Symbol 

l 
t 
F 

AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric 

Unit 

m eter ____________ __ ___ _ 
second __ __________ ____ _ 
weight of one kilogram __ _ _ 

Symbol 

m 
s 

kg 

English 

Uni t 

foot (or m ile) ________ _ 
second (or bour) __ ____ _ 
weight of one pound ___ _ 

Symbol 

ft. (or mi.) 
sec. (or hr.) 
lb. 

Power_____ ___ P kg/m/s __ ___________ ______________ horsepower_ _______ ___ bp 
I S d {km/h_ ___ ______________ k. p. b. m i. /br. ____ _____ ______ m . p . h . 

pee ---- - -- - ----- - ---- m/s __ __ ___________ __ ___ m. p. s. ft./sec._ ___ __ ___ ___ ___ f. p. s . 

2. GENERAL SYMBOLS, ETC. 

W, Weight = mg 
:g, Standard acceleration of gravity = 9.80665 

m/s2 =32.1740 ft. /sec.2 

'm, Mass = W 
g 

p, D ensity (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-4 

mk2
, Moment of 

radius of 
script) . 

Area. 

inertia (indicate axis of the 
gyration k, by proper sub-

S, 
StD, 
0, 
b, 

Wing area, etc. 
Gap . 
Span·. 

S2) at 15° C. and 760 rom = 0.002378 C, Chord. 
(lb.-ft. - 4 sec.2). b2 

Specific weight of " st andard JJ air, 1. 2255 S' 
kg/m3 = 0.07651 Ib. /ft. 3• 

Aspect ratio. 

Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. Q, Resultant moment. 

L , 

D, 

R, 
'~l&] 

Dynamic (or impact) pressure=ipF'. 

Lift, absolute coefficient GL = q~ 

Drag, absolute coefficient GD = J:s 
Profil e drag, absolute coefficient ODa=~s 

Induced drag, absolute coefficient GDt= DqS 

P arasite drag, absolute coefficient Gop ~S 
Cross-wind force, absolu te coefficient 

G 
GC=qS 

R esultant force. 

n, Resultant angular velocity. 
Vl 

p-' Reynolds Number, where l is a linear 
J.I. 

G71 , 

a , 

dimension. 
e. g., lor a model airfoil 3 in. chord, 100 

mi.IJ:u. normal pressure, at 15° C., the 
corresponding number is 234,000; 

or for a model of 10 cm chord 40 mis, 
the corresponding number is 274,000. 

Center of pressure coefficient (ratio of 
distance of c. p. from leading edge to 
chord length) . 

Angle of attack. 
Angle of downwash. 

aa, Angle of attack, infinite aspect ratio. 
at, 

Angle of setting of wmgs (relative to aa , 
Angle of attack, induced. 
Angle of attack, absolute. 

thrust line). 
Angle of stabilizer set t ing (relative to 'Y 

thrust line). 

(Measured from zero lift position .) 
F light path angle. 
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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 at the request oj the 
Bureau oj Aeronautics, Navy Department, to obtain 
quantitative information on the effectiveness oj three land­
ing gears jor the" NY -2" (Oonsolidated training) airplane. 
The investigation consisted oj static, drop, and flight tests 
on landing gears oj the oleo-rubber-disk and the "Mer­
cury" 1'ubber-cord types, and flight tests only on a landing 
gear oj the conventional split-axle rubber-cord type . 

The results show that the oleo gear is the most effective 
oj the three landing gears in minimizing impact jorces 
and in dissipating the energy taken. The flight results 
indicate that in pancake landings with a vertical velocity 
at contact oj 8 jeet per second the maximum accelerations 
experienced are approximately 3.2g, 4.9g, and 4.4g with 
the oleo, the Mercury, and the split-axle rubber­
cord gears, respectively. 

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

The oleo landing gear permitted severe landings 
to be made without violent rebound, but the Mer­
cury and the split-axle 1'ubber-cord gears caused 
very violent and dangerous rebounds. 

A comparison oj the results oj the drop tests, 
based upon equal height oj jree drops, does not 
show the relative merits oj the landing gears as 
reali'(;ed in flight tests. However, a comparison made 
upon a basis oj equal heights oj total drop (free drop 
pl1Ls vertical movement oj the load during the initial stroke 
oj the landing gear) is indicative oj them. 

INTRODUCTION 

A series of tests was started in 1929 at the request of 
the Bureau of Aeronau tics, avy Department, to deter­
mine quantitatively the relative shock-absorbing and 
energy-dissipating merits of both rubber and oleo 
types of landing gears, with a view to the possibility of 
redesigning the structure affected by the loads impo ed 
in landing. To daLe, three of these investigations have 
been completed at the Langley Memorial Aeronautical 
Laboratory, Langley Field, Va. Reference 1 gives the 
l;esulLs of the :fIrsL jnve LigaLion, tesLs on two FC -4. 

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

The static tests were made to determine the depres­
sions and compre ions or elongations of the various 
elastic units of the shock-ab orbing systems under 
static loads. The drop tests were made to obtain 
information on the depressions of the tires, the elonga­
tions of the rubber cords, the compre sions of the rub­
ber disks, the pressures built up in the oleo cylinders, 
the work done on the various units, the degree of 
rebound, and the maximum accelerations experienced 

FIGURE l.-Oleo-rubber·disk type oC landing-gear ch ... "is 

under impact forces_ The flight te ts were made to 
determine the maximum accelerations and the vertical 
velocities of the airplane during different types or 
landing. 

APPARATUS 

Landing gears.-The landing gears subjected to 
tests in this investigation were an oleo-rubber-disk 
type (figs. 1 and 2), a Mercury rubber-cord type 
(figs. 3 and 4), and a plit-axle rubber-cord type 
(fig. 5). The respective weight of these landing 
gears, less wheels and tires, were 94 pound , 80 pounds, 
and 65 pounds. These landing gears were constructed 
for use on an NY-2 (Consolidated 'aval Training) 
airplane and during the flight. iesLs w('re l11011ni('cl suc­
cessively on Lhis ui,.p llll1 . 

3 

J 



4 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

The shock-absorbing system of the oleo gear con­
sisted of two hydraulic units, two stacks of rubber 
disks, and two tires . The pistons of the hydraulic 
units each had an effective area of 3.09 square inches 
and contained a sharp-edged orifice 0.25 inch in 
diameter. The stroke of the hydraulic unit from com­
plete extension to the poinL at which the cylinder 
made contact ·with the rubber disks wa 3.65 inches. 
A stack of rubber di ks con isted of four, each 4X 
inche outside diameter, 1% inches in ide diameter, 
and IX inches thick. Metal spacers were used be­
tween the second and third di ks. 

The Mercury gear consisted essentially of two sym­
metrical rigid triangular structures. Relative motion 

they were mounted on wire wheels and were inflated 
to 50 pounds per square inch pressure. 

PROCEDURE 

Static tests.- Static tests were made on the oleo­
rubber-disk and the Mercury landing gears. In the e 
tests a load was applied in increments of approximately 
00 pounds on the Mercury gear and 400 pounds on 

the oleo gear until a maximum loading of approJ..-l.­
mately 9,600 pounds had been reached. After the 
application of each increment, measurements were 
made of the vertical displacement of the center of the 
load, the depression of the tires, and the elongation of 
the rubber cords or the compression of the rubber 

FIGURE 2.-Oleo-rubber-disk landing gear mounted on Ny-t airplane 

between these structures was restrain cd by 34 wraps of 
%-inch rubber shock cord. These cords and the tire 
comprised the shock-ab orbing system of this landing 
gear. 

The split-axle rubber-cord gear was of the conven­
tional type. The movements of the axles relative to 
the other part of the landing gear were re trained by 
10 wraps of %-inch rubber cord on each axle. These 
cords and the tire made up the hock-absorbing 
system of this o-ear. 

The tire employed with the e landing gears were 30 
by 5 smooth-tread airplftne ti res. During th tests 

disks. In addition, measurements of the geometric 
relations of the members of the landing-gear chas i 
were made. During the tests on the oleo landing gear 
the cylinder guides were vibrated to simulate the 
reduction of frictional effects such as are realized in a 
landing. After the maximum loadings had been 
reached the load was carefully removed in approxi­
mately the same increments a it had been applied and 
the changes in the distortions of the elastic units were 
recorded. 

Drop tests.-The drop tests, conducted similarly on 
both gears, consisted of a eries of drops under gro s 
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loadings of 2,690 and 2,530 pounds, respectively, for 
the Mercury and the olco landing gears. The tests 
were carried to such a point that further increase in 
the height of free drop probably would have resulted 
in failure of the landing gears. During the tests on 
both gears the height of free drop, the toLal vertical 
displacement of the load , the rebound, the elongation 
of the rubber cords, or the compressions of the rubber 
di ks, and the maximum accelerations (in multiples of 
Lhe static load) were recorded. With the oleo gear, 
records of the Lroke of the oleo cylinder and th 
pres ure built up in it were also made. 

The test rig (described in reference 1), two contl'ol­
po ition recorders, a pressure-displacement recorder, a 
recording accelerometer, and a timer were used during 
the drop tests. 

One control-position recorder (reference 5) was lIsed 
during all the drop te t , in conjunction with a suitable 
reduction linkage, to record the vertical di placement 
of the load. A second control-position recorder wa 
lIsed during the drop tests on the Mercury gear only, 
Lo record the elongation of the rubber cords. 

The recording accelerometer, a single-com­
ponen t type (reference 5), was moun ted on the 
load platform of the test rig with its actuating 
mechani m in the vertical plane containing the 
center of gravity of the load. This instrument 
was used to record the ratio between the tatic 
load and the impact forces at the c. g. of Lhe 
load. 

The Limer (reference 6), n commutator cir­
cuit-breaker-type instrumen L, was lI sed to pro­
vide a time scale on the in trumen t records. 

The pressure-displacement recorder (fig. 6), a modi­
fied air-speed recorder, wa u ed to record the pressure 
bult up in the oleo cylinder and the displacement of 
the oleo cylinder with respect to the pi ton. The re­
cording range of the instrument wa 0 to 2,000 pound 
per square inch. The records obtained with thi 
instrument gave the relative displacement of the oleo 
cylinder as abscissa and pressures as ordinate. 

Flight tests.- The flight tests were made with the 
landing gears successively mounted on an NY-2 air­
plane (weight approximately 2,700 pounds). The 
tests consisted of normal (3-point), tail-high (2-point), 
and" pancake" landings and take-off and taxi runs, all 
of which were made on an average gra s-covered land­
ing field. The pancake landings were of two types­
one in which the airplane was leveled off at approxi­
mately 5 feet above the ground and allowed to "drop" 
in, and the other one in which the landing were made 
by gliding onto the ground without any attempt being 
made to level off. 

DUl'ing these tests, records of the air speed, wind 
speed, vertical displacements, and accelerations devel­
oped were taken from the time the airplane was about 
15 feet above the ground until a few seconds after 

contact had been made. In the taxi and take-off runs, 
records were taken of the accelerations developed. 

The instruments llsed eluring the flight Lests were a 
control-position recorder, a motion-picture camera, a 
recording acceleromeLer, an air-speed recorder, an 
anemometer, and a timer. 

The control-position recorder, mOtlnted in the front 
cockpit of the airplane, was used i11 conjunction with a 
trailing arm to record the his Lory of the vertical dis­
placement of the airplane. 

The trailing arm (figs. 2 and 7) had an over-all 
length of 16 }~ feet, b\l t 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 wa employed to record 
the attitude of the airplane at landing. At the outset 
of the flight test 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 latter portion of the flight tests the camera 
was moun ted 111 the forward cockpit of the airplane 

38W' 
i<'IGtlln: 3.- :\fcrcury (rubber-cord type) landin\l·genr chlll',is 

and motion pictures of the horizon were taken at 16 
expo me pel' econd. These motion-pictlll'e records 
were used to correeL the trailing-arm records for the 
change in attitude of the airplane during the time the 
arm wa in contact with the ground. The instant of 
contact of the wheel with the ground, which was 
clearly indicated by the air-speed, accelerometer, and 
motion-pictlll'e records, was u ed to synchronize the 
record. 

The accelerometer was moun Led as close as practi­
cable to the c. g. of the airplane, and wa u cd to 
record the force experienced in the landings. 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 record so 
that histories could be made. 

The air-speed recorder (reference 4) was used during 
the flight test in conjunction with a swiveling Pitot­
static head to record the air speed of the airplane dUTing 
the landings. The swiveling head was mounted one 
chord length ahead of the leading edge of the upper 
wing on a boom secured to the left interplane trut. 
(Fig. 7.) The air-speed recorder was secured in the 
forward cockpit of the airplane. 
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The anemometer, a vane-type instrument, was used 
to mea ure the average ground-wind velocity during 
the landing . It was mounted about 6 feet above the 
ground on a vane erected on that portion of the field 
whereon the landings were beinO' made. 

P RECISION 

Static tests.-The accuracy with which the measw'e­
ments were taken during the static te ts was such 
that the errors in the result do not exceed 1 per cent. 

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

Flight tests.-The accuracies of the records obtained 
from the instruments in the flight tests are of approxi­
mately the same order a those obtained in the drop 
tests. 

Previous tests employing the combination swiveling 
Pitot-static head and air-speed rccorder installed on 
an airplane in a manner similar to that employed in 
this inve tigation indicate that the elTor in record d 
air speed does not exceed ± 4 pel' cenL. 

It is believed that the recorded value of the wind 
peed is within 3 miles per hour of the instantaneou 

wind peed at the time the airplane made contact with 

FIGURE 4.-Mereury landing gear mounted on test rig 

thc rubber cords arc e timated to be accurate within 
± 0.25 inch and ± 0.10 inch, respectively. The maxi­
mum compre sion of the rubber di ks and, conse­
quently, the maximum stroke of the oleo unit were 
indicated mechanically and measured within ± 0.01 
inch. The pres ures generated in the oleo cylinders 
were determined within ± 40 pounds per square inch. 

The faired curve of maximum accelerations devel­
oped indicate that the acceleration recorded are 
correct within ± 0.25g. 

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

with the ground. Thus, the comp uted ground peed 
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-pictur 
records within %0. 

The indicated height of the airplane above the 
ground was recorded by the trailing-arm combination 
within ± 2 inches. It is e timated that this accuracy 
enabled the determination of the vertical velocity of 
the airplane within ± 0.5 foot per second. 
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RESULTS 

General.- The total load on the landing gear in Lhe 
sLatic and drop tests was con idered equally divided 
he tween the tire. In the calculation of the impact 
forces it was assumed that the instantaneous acceler­
ation throughout the landing gear and at the center 
of the load platform were of tbe arne magnitude. 
This a umption, obviously, i not xactly true; but, 
ince the load used in these te t may be considered a 

concentratcd lllas and since the weight of the complete 
landing gear i small in comparison with the load u ed, 
the use of this a umption involves a vcry mall or 

_ 7~~ ___ ~ 

'- ...... 

" .\"'" - ~ .. . . . 

the hydraulic unit and the instantaneous compressive 
load on the rubber disks. 

The total work done on the landing gear during the 
drop te ts was calculated by taking the product of the 
tatic load and its total vertical displacement during 

the drop. The work done on each of the shock­
absprbing units was detennined by taking the integral 
of the curve of in tantaneous forces on it against the 
linear distortions of the unit during its Iirst stroke. 

Static tests.-The results of the static tests on the 
Mercury and the oleo gears are shown in Figures 
and 9. The area under the curves of increa ing load 

FIGURE 5.-Rubbcr-cord gear mounted on :1'-2 airplane 

negligible error. By the use of the above a umptions, 
th maximum forces on the tire, l' cal ulated by 
multiplying the static load on the tire by the maximum 
acceleration at the center of the load. The load, on 
the elastic unit of the landing gear wa calculated from 
the load on tbe tire and the geometri relation exi ting 
between tbe ela tic unit and the tire . Tbe load, or 
re training force, et up in tbe hydraulic unit of tb oleo 
gear was calculated by multiplying the effective pi ton 
area by the recorded pres ure in the unit. The in tan­
taneous load on the oleo unit was determined by taking 
the sum of the instantaneous retarding force set up by 

indicate the capaciLy of the yarious units to rcceive 
energy. Tbe area under the curve of deerea ing load 
represent the amount of energy returned by the unit 
in re uming it normal condition and i indicative of 
the tendency of the unit to cause bouncing. The 
difference between the ar a under the curves of tbe 
mcrea ing and the decrea ing load represents tbe 
energy dissipated by the unit. The re ult indicate 
that the rubber cord, tbe rubber di ks, and the tires 
di ipated approximately 30 per cent, 30 per cent, and 
10 per cen t, 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 be made upon a ba is of equal heights of total 
drop of the load . This is the same as making the 
comparison upon th basis of equal amounts of energy 

in which the c. g. of the load was above the datum plane 
at the start of the drop; in those noted as negative the 
c. g. of the load was below the datum plane at the start 
of the drop. 

The total drop is the vertical displacement of the 
c. g. of the load from the sta,rt of the drop to the maxi-

FIGURE 6.-Pres5urc-displacement recorder 

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

mum contraction of the shock-ab orbing units_ The 
total rebound is the vertical di placement of the c. g. 
of the load from maximum contraction of the hock­
absorbing units to the crest of the fir t rebound. The 
free rebound i the vertical di tance between the c. g. 
of the load at the crest of the first rebound and the 

FIGURE 7.-NY-2 airplane with swiveling Pitot-static head and trailing arm installed 

extended and the tire were merely in contact with the 
landing platform. 

The free drop, noted in the results, is the vertical 
distance between this datum plane and the horizontal 
plane occupied by 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 po itive are from test 
in which the position of the c. g. of the load at the rest 
of the rebound was above the datum plane while for 
those noted as negative the rebound was not sufficient 
to bring the c. g. of the load up to the datum plane. 
In the latter case the tires did not leave the landing 
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platform. The percentage rebound is the ratio, 
expressed in per cent, of the total rebound to the total 
drop. The maximum acceleration, expressed in term 
of g, are the ratio of the maximum retarding forces to 

10.-,--,--,--,--.-,--,--,--,--,-, 

o 1.6 
Elongofion of cords, in. 

2 .0 

FIGURE S.-H ysteresis curve of ru bber cords on Mercury-type 
gear. ' Vork done on rubber cords, 12, IOOin .-I b.; work returned 
by rubber cords, 8,460 in.-lb.; work absorbed by rubber cords, 
3,610 in .-Ib. or 30.1 per cen t 

the static load. The stroke of the oleo unit i Lhe 
relative displacement of the oleo cylinder wi th re pect 
Lo the oleo piston. The cylinder pressure i the maxi­
mum unit pre ure recorded in the oleo cylinder durinO' 
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FIGURE 9.-IIysteresis curves of t ires and rubber disks on NY-t oleo gear. Work 
done on disks, 4,040 in.-lb .; work returned by disks, 2,840 in.-lb .; work absorbed 
by disks, 1,200 in .-lb. or 30.1 per cent, Work done on tire, 1,830 in .-lb. ; work 
returned by tire, 1,625 in .-lb .; work absorbed by tire, 205 in.-lb. or 11.2 per cen t 

its initial contraction troke, The cord elongation i 
the average elongation of the rubber cord as indicated 
by the relative displacement of the units on which they 
were wrapped. 

Figure 10 hows the relations that exist between the 
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 
negative, indicating that the tires of this landing gear 
did not leave the landing platform during drop tests. 
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FIG UIl E 10.-1'ree drop and free rebound during drop tests 

The total drops on the oleo gear greatly exceeded 
those on the Mercury gear for equal heights of free 
drop owing to the longer contraction stroke of the oleo 
shock-ab orbing unit. 
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F IGURE 11.-Total rebound and percentage total rebound during drop tes ts 

The CUTves of rebound and percentage rebound 
(fig, 11) indicate that the rebound was greater with 
the oleo gear than with the 1ercury gear. Till result 
appears contradictory to the curves of free rebound 
(fig. 10), but it must be remembered that the greater 
portion of the total drop with the Mercury gear was 
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an unrestrained drop; whereas with the oleo gear, the 
greater portion occurred with the tires in. contact with 
the landing platform. Conversely, the rebound with 
the oleo gear occmred during the exten ion stroke of 
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FIGUIlE 12.- Maximum aecrl rations developed in drop tests 

thc hocl.;:-absorbing unit; wherea only a small por­
tion of the rebound with the Mercmy gear occmred 
during the extension troke of the ' shock-ab orbing 
units. Since there were no rebounds causino- eom­
plete extension of the hocl, -ab orbing unit of the 
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FIGURE 13.-Stroke of oleo cylinder, maximum pressure in cylinder, elongation 
of rubber cords, and load on rubber cords during drop tests 

oleo gear the tire did not leave the landing platform; 
therefore there were no positive free rebounds in the 
drop tes ts on this landing gear. The rebounds on the 
Mercury gear were, however, large enough during 
some of the tests that the height attained by the tires 

above the landing platforms represented as much as 
25 per cent of the free drop. Thus, although the 
actual vertical displacement of the load during the 
rebound was greater with the oleo gear, the fact that 
the tires did not leave the landing platforms would 
indicate that rebounds with this gear would be les 
hazardous than with the Mercury gear. 
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FIGUIlE H.-Compression of rubber disks and forces on them during drop tests 

Figure 12, curves of maximum accelerations again t 
total drop of load, shows that the qualitie of the oleo 
gear for minimizing impact force were better than 
those of the M ercury gear. 

Figures 13 and 14 show the relative maximum dis­
tortions and maximum loads on the shock-absorbing 
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FIGURE 15.-Total work and distribution of work on Mercury-type 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 
of the members of the chassis. 
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Figures 15 and 16 are furnished primarily to show 
the distribution of work among the shock-absorbing 
units of the two landing. gears. In this work-dis­
tribution treatment, it was not possible to account 
for all of the work done by the load in its initial drop 
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F IGl>RE 16.-Tolal work and dist ribu tion of work on olco-type landing gear 

as a portion of this work wa taken by the bending 
of the axles and the distortions of the trLlctural mem­
bers of the landing gears and te t rig. A no attempt 
was made to mea. m e the e di tortions during the drop 
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F IG URE 17.-Varialion of cylinder pressure witb cylinder displacement for an 
NY-£ oleo gear. Fr e drop of I ineb. Oil level 4~s incbes Crom top of piston 
with full load on gear. 

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

The figures show that when the tires were used on 
the Mercury gear they took a larger percentage of the 
total work done by the load than when they were 

used on the oleo gear. This fact indicates that with 
complete depression of the tires a smaller amount of 
work would be done on the M ercury 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 appear that the useful capacity of 
the Mercury gear is considerably less than that o[ the 
oleo gear. 

Figure 16 shows that the amount of energy ab­
sorbed by 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 rubber disks, 
shows that the average retarding force offered by the 
hydraulic units was mu ch smaller than that oiIered 
by the disk. In an efficient shock-absorbing system , 
the hydraulic unit should offer the larger retarding 
force and hould also ab orb the major por tion of the 
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FIGURE IS.-Variation of cylinder pressure witb cylinder displacement for an rY _2 
oleo gesr. Free drop of t incb. Oil level 5~~ inches from top of piston witb full 
load on gear 

work done on the sy tem, leaving the rubber disks to 
fulfill their function of reducing the ta:-..-ying load . 
As the result show th at the oleo gear does not ap­
proach this condition , it i evident that an improve­
ment of th e design of the hydraulic system should 
be made. 

FigUl'e 17 and 1 furni.sh histories of the pressure 
in the oleo cylinders obtained from a I-inch free drop 
with the oleo landing gear. Figure 17 shows the pres­
sure hi tory when the cylinder wa charged with oil 
to the level indicated by 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 below 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 becomes excessive. 
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Flight tests.--The results of the flight tests are pre­
sentedin Tables I , 1I, and III and in Figures 19 to 25. 

The results presented in the table and Figure 19, 
with the exception of the wind speed and the maxi­
mum acceleration subsequent to contact, are results 
obtained during the initial troke of th hock abs rber 
of the airplane. The wind speed is the average t ken 
over a short period of time (usually one minute) 
~mmediately preceding and ucceeding the landing of 

in the maximum impact forces from 3X to 5 times the 
staticload. In these landings the oleo gear was superior 
totheother gear in reducing the maximumimpact forces. 
The curves indicate t.hat for vertical velocities of 8 feet 
per second at contact the maximum acceleration de­
veloped with the different landing gars are approximaLe­
ly 3X, 4X, and 5 times the static load with the oleo , 
rubber-cord, and M ercury landinggears, respectively. 

Table I, II, and III show that the efl'ectiveness of 

Mercury, 
x / 

V 
the three landing gears to reduce im­
pact forces during the ground runs 
was approximately the sarno. The 
results also show that, in general, the 
maximum acceleration developed 
in good landings (1.8g, 2 .35g, and 
2.1g) were Ie s than tho e developed 
in the ground runs (2.65g, 2.95g, and 
2.75g) with the oleo, Mercury, and 
ru b b er -cord gears, respectively. 
These results indicate that the uneven­
ness of the landing field govern, to a 
large degree, the ma:ximum forces en­
countered in good landings. 
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FIGURE 19.-Comparison of Oight tests results of Y - 2 landing gears 

In the pancake-landing tests. all 
10 bu t three of the landing were made 

by gliding onto the ground without 
leveling off. The three pancake land­

ing 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 III by index a. I t will be noted 

Lhe airplane. The maJl.'imum accelerations sub e­
qucnt to contact are the ma}'imum acceleration ex­
perienced in the ground runs. 

The results presented in FiO'ure 20 to 25, inclusive, 
are histories of some of the landings taken for approx­
imately the last 10 feet of vertical descent of the 
airplane prior to making contact. These resul ts pro­
vide ameans of directly comparing the effectiveness of 
the three landing gears. This effectiveness is based 
upon the maximum accelerations developed at contact 
(ability to minimize landing forces) and the observed 
bouncing tendencies of the gear (abilityto dissipate 
the energy taken in mini.IrD.zinO' the landing shock ). 
By making the comparison of the effectiveness of the 
landing gears on the ba is of ma.ximum accelerations 
at the c. g. of the airplane, the attitude of the air­
plane at contact doe not enter illto the con ideration. 

F igure 19 hows the comp&.rison of the maximum 
acceleration developed with the different landing 
gears for variou vertical velocities of the airplane at 
contact. The visually good landings (normal and 2-
point) had vertical velocitie at contact of less than 
2X feet per second. In these landings the effective­
ne of the various landing gears was approximately 
the same ; the maximum impact forces varied from l X 
to 2X times the static load. For the visually bad or 
pancake landings, the vertical velocities varied from 
approximately 5% to 10 feet pel' second ", ith a variance 
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that the sev l'ity of the glide landing and that of the 
" dropped -in " landings were approximately the same. 

In mo t of the pancake landing the attitude of the 
airplane was uch that at the instant of contact of the 

( 
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tires with the ground the tail of the airplane was less 
than 1 foot above the ground. 

No attempt was made to measure the rebound of the 
ai rplane during the fligh t tests but visual observations 
enable a very general comparison to be made of 
Lhe energy-dis ipating qualities of the 
shock-absorbing units . In most of 
the landings made with the oleo gear, 
Lhere was very little rebound, but with 
the Mercury and rubber-cord gears it 
was practically impossible to make 
any type of landing without an ap­
preciable rebound. In the severe 
pancake landings with the two latter 
gears the rebounds became so violent 
that it wa con idered unsafe to make 
landing of greater severity. 

The pilots preferred the oleo gear 
because it " felt smooth" in landing, 
while the other two made the land-

12 

10 

ings feel " tifr" and" nappy." 2 

i'-o-

11.' ''', 

J '--
Figures 20 to 25, inclusive, show 

repre entative histories of the verti-
cal di placement, vertical velocitie, ~.5 4.0 

and air speed of the airplane for the 
variou types of landing tests made. 
The landings from which these hi torie were made 
are indicated in the tables by index b. It will be 
noted from the vertical-displacement histories that the 
flight path of the airplane in the normal and 2-point 
landings were very imilar. The e hi torie al 0 show 

pancake landing is shown in Figure 25. It will bo 
noticed that the vertical velocity at contact for the 
"glide" landing was less than that for the" dropped­
in " landing. 

Comparison of drop and flight tests.-Inasmuch as 
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FIGURE 22.-Two-point landing 

test I' quirement for landing gears are specified upon 
a ba is of free drop , it i interesting to compare the 
result of the Bight and drop tests. In the mo t 
severe landing experienced in the flight tests (those 
in which the vertical velocities at contact were 7.95 

and .2 feet per second) maximum 
Io---t"----'.~.!.. . TI 11r speed . I I acceleration of 3.Gg and 5.05g were 

12 r ro-..x.. I I 160~ developed with the oleo and the Mer-
:-0--. i Q 

111-II-r~~>::::t:=t:=-t-rl~;1 EO cury gear, respectively. If it be as-
101--+- I _ - to--... ,, 50~ umed that the energy received by 

o T ~ the landing gears varied as the square 
;:.: ~ 7"", +--+--!--t~--t-+--+--t--+--II--+-+--l--+-l--t----:d'l ~ of the vertical velocity at contact, the 
~ ~ B ' "", 1 .. +- 'I I §140"l; ratio of the energies received by the 
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.Q ~ .~, ,- -Vertical d isplac ement I ~ I wa 1 to 1.06. The drop-test results i] 6f---l----1r---t--+"""-............ ,-........ +---+---'f---+--+-+--+-+---+---,-+-_+_ ~l indicat that maximum accelerations 

"0 ~ ' ''-..!.,........ I ~1 of the above magnitude would be real-
.g"O 4 S1 ized with total drops of 16. inche 
~ t ' ........ r" (j 1 and 17.4 inches or free drops of 3. 
~ !.---f---..~, ! inches and 10.4 inches with the oleo 

2 Vertlcol velocity' -""':::::: t-!-."--l Vi and the Mercury landing gears, re-
~ --- spectively. The ratios of such heights ___ .-=-, l 
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Time. sec. 
FIGURE 21.-Normallanding Thu , it is evident that if the results 

that in landings of these types there is a tendency of 
the airplane to "drop in" just prior to contact. 

The:lvertical-velocity history of a pancake landing in 
which the airplane was" dropped in" a short distance 
is shown in FiO"me 24. The history of a "glide" 

of the drop tests are used to predict the 
action of the landing gears under flight conditions with 
respect to their impact force-reducing qualities, the re­
sults on the ba is of total height of drop would approxi­
mate tho e of the flight tests, while the results on a 
basis of free drop would give very erroneous results. 
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CONCLUSIONS 

1. The oleo gear is the most etI'ective of the three 
landing gears te ted in minimizing impact forces and 
in dissipatino- the energy taken in so doing. 

2. The flight-test results indicate that in pancake 
landings with a contact vertical velocity of feet 

12 

10. 

a 

""?--

Air speed-' J>--, r--1-

V - ~ertical displacement 

"'1 
~ ,"'-. 

"- :---... .......... Vertical velofify ........... 

\ x-.....tx 
------

""\ 

"" V ~ 1\ 

: 
1 

-y 

70.":' 
d.. 
t: 

1 6a1i 
-d 
§ I 

IlJ 

~ 
.\" ei 

0>1 
50."'<. 

oSl 
.~ ~ 

t l 
..t2i 
81 

1 
I 

~ 
" i'-x_ ! 

2.5 20. 1.5 /.0. 0..5 a 
Time. sec. 
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per second the maximum acceleration experienced 
are approx-:imately 3.2g, 4.9g, and 4 .4g with the oleo, 
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FIGURE 24.-Pancake lnnding 

the Mercury, and the split-axle mbber-cord gears, 
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 a 
very dangerous attitude. 

4. The maximum accelerations at contact in th e 
good landings were, in Q'eneral, less than 2g and were 
of approximately the same magnitude with the thr c 
landing gears. 

5. The maximum accelerations realized in the 
ground runs were, in general, less than 2.8g and were 
essentially 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 

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

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

LANGLEY MEMORIAL AERONAUTICAL LABORATORY, 

NATIONAL ADV'ISORY COMMITTEE FOR AERONAUTICS, 

Langley Field, Va., August 7, 1931. 
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DROP AND FLIGHT TESTS 0 Y-2 LANDI G GEAR 

TABLE I.-RESULTS OF FLIGHT TESTS 0 Y-2 OLEO GEAR MOUNTED ON Y-2 AIRPLANE, 
WEIGHT 2,730 POUNDS 

Rl)~cd (m. p. h.) 
Vertical 
velocity 

Acceleration (g) 

'l'ypo or landing 

Air Wind I Grouud at contact At contact [SubSeqUenl 
(rt./scc.) to contact 

NormaL_____ -15 -3 4 0. 9 1.75 
Do___ ______ 45 -2 47 . 5 1.45 
Do__ ________ __ _______ 47 -3 50 1.15 1.8 

2-point._ ____________ _______ 59 6 53 1.8 1.4 
Do__ _______ 55 7 48 2.1 1. 3 
Do__ ____ _ 54 6 48 .9 1.5 

Pancake_ _ _______ _______ 45 6 39 9.65 3.35 
Do___ ____ ______ ________ 46 7 39 8.05 3.25 

TaxPr~·~:::: ::-::: _ : : __ :::: ___ _ ~~ ________ ___ __ _ I ____ ~ ____ I ----~~~~--- - ----~~~-----

1 
Do ______________________ ---------- ---------- ---------- ------------'------------1· Take-off_ _______ _____________ 63 9 54 _____ ___ _____ ________ __ _ 
Do______________ __ _______ 59 9 50 _______________________ _ 

.. Landing used in history plotted in Figure 25. 

2.10 
2.65 
2.45 
2.15 
1.9 
1. 95 
2.95 
1. 95 
2.15 
1.8 
1.7 
2. 3 
2. 35 

Normal landings made with wind. 
Do. 
Do. 

Rather scvero glide landing. 
Ordinary pancake. 
Glided in Irom obout 15leet. 

15 

T .\flLE H .-RESULTS OF FLIGHT T ESTS 0 NY-2 MERCURY LA DING GEAR MOUNTED 0 NY2 A lRPLANE, 
WEIGHT 2,715 POUNDS 

'l'ypc or lancling 

Normal b_ __ _ __ _ 
Do___ __ ___ _ __ _ 
Do ___ _____________ _ 

2-point. __________________ _ 
DO.b ___ _ 
Do __ _ 

Poncake_ 

Do_ 
Do __ 

'l'axi-run _ _ 

1'akt~f!_ :::_:::::-:::::::::1 

Specd (m. p. h.) 

Air Wind Ground 

49 
47 
46 
61 
60 
62 
45 

46 
42 

48 
50 

1---

7 
6 
9 

11 
10 

---------
-------

12 
12 

42 
41 
39 
63 
5a 
56 
36 

35 
32 

---- -----
----------

36 

Vertical 
velocity 

Accelcration (g) 

at contact I 
(It./sec.) At contact Subsequent 

to contact 

0.3 1.55 1.7 
.9 1.3 1.9 

1. 45 2.15 
1.5 1.7 2.45 
. i 1.25 2.0 
.7 1.5 2. ~ 

6.6 3.95 

5. 4.0 
h.2 .1.00 

----------- I. 5 
----------------._---- - 2.0 

2.1 
--.---.-.--- ------------ 2.4 

Remarks 

Tail slightly ofJ ground. 
"Perfect" 3-point landing. 
Good landing. 

Do. 
_\ttitude of airplane changed ver}, little. 

Do. 
Glided rrom about 12 leet. Wheels ~lighlly 

fust. Very little bounce. 
Smooth pancake. 
Very severe. G lid~d from ahoCl t Iii f".'1 , 
Rather fast taxi-run. 

Do. 
Comparaliv.'ly smooth. 
Fairly rough. 

• Landings used in histories plotted in Figures 20 and 22. 

TABLE Hr.-RESULT 

Type of landing 

NormaL __ __________________ _ 

Do ______ _ 
DO.b ___ . 

2-point. __________________ _ 
Do _____________ I 
Do.b ______ _ 

Pancake"_ 

Do." ______ _ 

DO.b____ _ 

Do _______ _ 

Do __ _______________ . 

rraxi-rUlL ___ ______ _ 
Do ____________ _ 

Tak~-ofr. ___________ _ 
Do __ . _________ _ 

F FLIGHT TESTS 0 NY-2 R BBER-CORD LANDIK(1 GEAR MOUNTED ON Y-2 
AIRPLANE, WEIGHT 2,700 POUNDS 

-
Speed (m. p . b.) 

Vertical 
Acceleration (q) 

1 

I Ground 

velocity - T . Remarks 

I 
at contact 

Air Wind (It./sec.) At contact I St~b:~fa~~t 

-I- I 

50 42 1.7 1. 75 I 2.4 Tail low 2-point; bounced considerably but not 

I 

violently; wind steady. 
46 10 36 1.7 1.8 1.95 Excellent 3;rlint; no bounce. 
4 8 40 1. 2.0 2.3 Slightly taO high, smooth landing, very liLLIe 

bounce; wind steady. 
62 6 56 2.5 1.85 2.1 Tail somewhat low_ 
59 6 

I 
63 1. 2.1 2. 05 Seemed to fioat in with tail low. 

66 7 59 1.4 1.75 1.85 Tail well up. 
43 10 33 7.1 4.2 2.3 Floated to within 5 feet of ground snd dropped 

abruptly, fairly severe; hounced about 1 foot. 
44 9 35 .3 4.45 

I 

2.05 Fairly severe, no sharp change in vertical veloc-
ity; bounced about 1 root. 

40 7 33 7.0 3.55 2.2 Very pronounced drop from about 4 feet; 
bounced about 1 foot. 

48 10 36 9. 4.35 4.1 Glided in from about 30 feet, wheels first; 
bounced about 2 feet, bucked . 

46 12 34 6.5 3. 2.75 Wheels first, fairly mild; bounced about 1 fool, 

I I ____ :~ 1 ___ -

bucked. 
48 7 41 4.25 3.2 Wheels first, quite violent, bucked; bounced 2 

feet or morc. 
- - -.. ------- -------- 1. 5 Fairly rough run. 
- - --- - ------ ._-- --- -- -------- -------- --- I. 75 Representative run. 
-1.1 9 36 ------ - --- --------- 1.9 Smooth tuke-ofJ. 
40 9 31 -.----- ------ -- ---- 2. 75 _\irplane started bucking and had to be pullet! 

I olT ground. 
-- - -

." DrOll-in" landings from about 5 feet altitude. • Landings used in histories plotted in Figures 21, 23, and 24. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel Linear to axis) Sym- Sym- Positive Designa- Sym- (compo-Designation bol symbol Designation bol direction tion bol nent along Angular 

LongitudinaL __ X X rolling _____ L 
LateraL ___ ____ Y Y pitching ____ M 
N orlllJl.L __ ___ _ Z Z yawing _____ N 

Absolute coefficients of moment 
L M N 

0 1= qbS Om= qcS On= qbS 

axis) 

y----+ Z roIL _____ 4> 1£ P 
Z----+ X pitch _____ 8 v q 
X----+ Y yaw _____ 

'" 
w r 

Angle of set of control surface (relative to neu­
tral position), o. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V3 , 

T, 

Q, 

Diameter. 
Geometric pitch. 
Pitch ratio. 
Inflow velocity. 
Slipstream velocity. 

Thrust, absolute coefficient OT= 'fD4 
pn 

Torque, absolute coefficient OQ=-~D6 
pn 

P, Power, absolute coefficient Op= pnfD6' 

Os, Speed power coefficient = -V ~~: . 
'T/, Efficiency. 
n, Revolutions per second, r. p. s. 

<P, Effective helix angle = tan·1 (2;rn) 

5. NUMERICAL RELATIONS 

1 hp = 76.04 kg/m/s = 550 lb./it./sec. 
1 kg/m/s=0.01315 hp 
1 mi./hr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 520ft. 
1 m = 3.2808333 ft. 

• 


