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AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Length ____ _ 
Time ______ _ 
Force _____ _ 

Symbol 

I 
t 
F 

Metric 

Unit 

mcter _____ ______________ _ 
second _______ ___________ _ 
weight of one kilogram ____ _ 

Symbol 

m 
sec 
kg 

English 

Unit Symbol 

foot (or mile) ___ ____ __ ft. (or mi.) 
second (or hour) _______ sec. (or hr.) 
weight of one pound lb. 

Power______ P kg/mjsec __________ ____ _____________ horsepoweL ______ ____ HP. 
S d {km/hL __________________ ---------- rui./hL _________ ______ M. P . H. 

pee ------ ---------- m/sec __ ____________________________ ft. jsec _________ _______ f. p. B. 

2. GENERAL SYMBOLS, ETC. 

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

m/sec.2 =32.1740 ft./sec.2 

m Mass = W , ' g 
P, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-' 

sec.2 ) at 15° C and 760 mm =0.00237 (1.b. ­
ft.-4 sec.2). 

Specific weight of "standard" air, 1.2255 
kg/m3 = 0.07651 lb. /ft. s 

m7c2, Moment of inertia (indicate axis of the 
radius of gyration, le, by proper sub­
script) . 

S, Area. 
Sw, Wing area., etc. 
G, Gap. 
b, Span. 
e, Chord length. 
b/e, Aspect ratio . 
1, Distance from e. g. to elevator hinge. 
JI., Coefficient of viscosity . 

3. AERODYNAMICAL SYMBOLS 

V, True nir speed. 

q, Dynamic (or impact) pressure=~ p V'l 

L, Lift, absolute coefficient OL= ~ 

V, Drag, absolute coefficient 01)=: 
0, Cross - wind force, a b so l ute coefficient 

o 
Oe=qs 

R, Resultant force. (Note that these coeffi­
cients are twice as large as the old co­
efficients L e, Dc.) 

i", Angle of setting of wings (relative to thrust 
line). 

it, Angle of stabilizer setting with reference to 
thrust line. 

,,(, Dihedral angle. 
VZ Reynolds Number, where l is a linear 

P j;' dimension . 
e. g., for a model airfoil 3 in. chord, 100 

mi. jhr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000 ; 

or for a model of L 0 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 

Op, Center of pressure coefficient (ratio of 
dist,ance of O. P. from leading edge to 
chord length) . 

{3, Angle of stabilizer setting with reference 
to lower wing, = (it - i",). 

(x, Angle of a ttack. 
E, Angle of downwash. 
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DYNAMIC AND FLIGHT TESTS ON RUBBER-CORD AND OLEO-RUBBER-DISK 
LANDING GEARS FOR AN F6C-4 AIRPLANE 

By WILLIAM C. PECK 

SUMMARY 

This investigation wa conducted by the NcLtional 
AdlJisory Committee fo?' Aeronautics at the request oj 
the Bureau oj Aeronautics, Navy Department, jor the 
purpo e of comparing an oleo-rubber-disk and a rubber­
cord landing gear, built jor use on an F6C-4 airplane. 
The investigation consisted oj drop tests under various 
loading conditions and flight tests on an F6C-4 airplane. 
In the drop te ts the total work done on each gear and 
the work done on each oj the shock-absorbing units were 
determined. For both drop tests and flight tests the 
maximum loads and accelemtions were determined. 

The comparative results showed that the oleo gear was 
lilightly superior in reducing the ordinary landing shocks, 
that it had a greater capacity jor work, and that it was 
very superior in the reduction oj the rebound. The 
?'esult jur·ther showed that jO?' drop comparable to very 
. evere landing , the rubbe?'-cord gem' wa potentially 
more effective as a shock-reducing mechanism. How­
ever, due to the construction oj this chas is, which limited 
the maximum elongation oj the cords, this gear was 
inCCLpable of withstanding as severe tests as the oleo gear. 
The action oj the oleo gear during the tests was greatly 
inferior to the action oj an ideal gear. The maximum 
accelemtions encountered during the flight tests jor 
severe landings were 3.64g j01' the rubber-cord gear and 
2.27 g jor the oleo gear. These were less than those 
experienced in jree drops oj 7 inches on either gear. 

INTRODUCTION 

Since an airplane must be designed to withstand the 
hock incliiTed in landing and taxying, a saving in 

structural weight is efl'ected by incorporating hock­
reducing devices in the landing gear. The relative 
merits of different types of landing gear, which in 
themselves do not add undue weight or prove other­
wise objectionable, are judged primarily by their 
ability to reduce these shocks to a minimum. It is 
important, therefore, that the shocks and resulting 
forces incurred in the use of the different types of 
gear under similar conditions be determined by actual 
meaSlU'ement. 

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
ments, however, from which a definit,e comparison of 
these two types can be made, are lacking. 

The present investigation was undertaken to deter­
mine, for a typical uase, 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 t.ire ; for the other it consisted of 
oleo cylinders, rubber disk, and the balloon tire. 
Static, dynamic or drop, and flight te ts were 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 
dyna~c tests the maximum forces developed llnd 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 landinO's to heigh'ts of 
drop. 

APPARATUS AND METHODS 

APPARATUS 

Landing 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 
andt,he other of the oleo-rubber-disk type. The e 
gears were stanclard in all respects, no changes being 
made with the exception of the removal of the fairings 
to allow the installation of measuring instruments. 
Wire wheels with 30 by 5, 4-ply, SJ1100th 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 inrh 
was maintained in the tires. 

T he ru hber-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 ~l 

stop at the top of the axle guide. 
The oleo gear (Curtiss AeropJane and Motor Cor­

poration Drawing Number EX41305) is shown in 
F igure 2 and diagrammatically in Figure 3. The 
working parts of the gear are shown best in the latter 

3 
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FIGURF. l.-Rubber-cord shock absorber type of Innlling gear 



FLIGHT 'rE '1'S ON LANJ>ING GEARS FOR A F6C-4 AIRPLANE 5 

riguJ'e. TIH'Y con isird of an oleo cylinder and pision 
and 11 number of rubber di k ; the former for thr 
purpo e of absorbing the main shock of hmding and thr 
latter primarily for the hocks sub equent to the initial 
contraction of the unit and tho I' experienced cl11l'ing 
Lhe taxi run of the airplane. 

The action of the valve mecha1li m, which is hO\\"11 

in FigllJ'e 3, \\ a a follows: 'Vhen the landing 0 c~l." was 
rlongating or ",hrll there wa no relative motio.'1 . br­
L ween the oleo piston and cylinder, the valve was ofr 
(he scat approximately one-eighth inch. In thi ' 
condition, the oil could {Jow from the piston through the 
space between the yalye and it eat into the cylinder. 
·When the landing gear was contra ting the diHeronce 
in pre me below and above the \'a lve caused it to 
scat, and the flow of the oil from the cylinder into the 
pi ton wa restricted to the small orifice in the valve. 

The effective area of the pi ton was 2.01 quare 
inche and the strokes of lhe cylinders weI' 4.40 in he 
from the point of complete extension of the landing 
gt'ar to that point at which the cylinder made contact 
with the rubber-di k compression collar; the gear 
employed 10 rubber disk 31~ inehe ou tside diameter, 
1~' inches in ide diameter, and % inch thiclc Metal 
pacers were used between the fourth and fifth, and 

seventh and eighth disk (counting from the top). 
Dynamie test rig.-~\ pl'eyjously mentioned, ont.: 

part of the inve tigation con isted of drop tests of the 
landing gear. The apparatus u cd for the e tests 
(Lhe dynamic test rig) is hown in Figure 2. It con­
isted of a lower portion (her afier refel'l'ed to as the 

base) and an upper portion (hereafter referred to a 
Lhe frame). The frame was con trucied 0 a to 
rotate about an axi ihrough the two uprights at the 
rear of the base. Two landing platform were ecured 
Lo the forward end of the base and were placed so that 
the tires of the landing gear, under Lest, would impinge 
approximately at their centers. The platform were 
made in two units; the bottom unit con isted of heavy 
planking banded together with angle iron and covered 
with sheet teel; the top unit consi ted of heavy 
plywood (6-ply) faced on it lower side with heet 
steel. To allow an unrestricted lateral motion of the 
Lop unit with re pect to the bottom one, steel roller 
\\'ere placed between the two units. 

Instruments. - V\Tith each grar Lests were made that 
Illay be briefly described as (1) static te t ; (2) dynamic 
or drop te Ls; and (3) flight test. The actual tesL 
procedure will be described in detail later. 

The taLic test required no recording in trument . 
In Lhe dynamic Lests, with the rubber-cord O'ear, it was 
nece sary to mea me the elongation of the cord and 
accelerations developed yer us Lime, and with the 
oleo gear, the relative motion of the oleo cylinders and 
piston., the accelerations deyeloped, the compression 
of' (he l'uhbrJ' disks, find the pres un' in the oleo eylin­
dl'l'S yel'SUS time. In the ilighL lesl ' the same vari-

able were measured, and in addition, the aHilucle and 
the air speed of the airplane at landing. 

For measuring tlle elongation of the cord, the COlll­

pression of the ru bber disks, and the relative motion 
of the oleo cylinders and pisions, (\\,O control position 
recorder (Reference 1) were u eel. teel ",'ire was 
used to transmit the moyement of the hock absorbing 
units to the instrumenis rather than Lhe cord orcli­
narily used, due to the appreciable change in length of 
the cord under tension. With both landing gears 
these instruments were mounted on the plaLform of 
the dynamic test rig for the drop tesL and on brackets 
secured to the ide struis (fig. 1) for tho flight tests. 

An N. A. C. A. recording accelet'ometer (Refel'enee~2) 
was used to record veItical aecelel'HLions. For the 

Forward SIde 
strut 

Bridge 

Rubber dIsk 
spocers 

Rubber dIsk 
compression 
collor 

Rear SIde strut 

Rubber dIsk +--Yf--f--/-I, 
supports 

Oleo pIston 
Oleo cylin­
der collar 

Axle ~=+1ff--HI 
fitfing 
guides 

Axle 

Valve retaining 
screws 

Cyltnder 

Oreo 
cylinder 

automatic 
valve 

Valve 

FIGUIlE 3.- 0Ieo·rubber·disk landing gear shock ahsorbing system 

drop test thi instn1ment was mounted on Lhe plat­
form neal' the cen tl'oid of the efl'ect.ive load. For 
flight test it wa mounted a. clo e a practicable to 
the center of gravity of the airplane. 

The preSSUl'e built up in the oleo cylinders was mea -
LlI'ed by a 2-unit recording manometer imilar to the 

. A. C. A. recording ail'- peed meter (Reference 3), 
but different in that 1\\'0 peeial high-pre sure cell 
were used in place of the ingle cell. The e cells were 
capable of measuring pre'SS lll'eS up to 2,000 pounds pel' 
qllare inch with a maximum movement of the cenler 

of the diaphragm of 0.002 inch. The cells of' (he 
instrument and the oleo cylinders were' connected h.v 
copper tubing filled with oil. T o krep thr (ubing !cad ' 
a hort as pos ible, the instrument \Va 1110Llutrd 011 

the landing gear a ,hOWll in Figure 2 [or all of the te ts. 
The atLitllde of lhe airplane Ht landing was recorded 

by means of ft spring-driven motion-picture CHlIlel'1L 

capahle of taking 32 exposurE' pel' second. Tbis 
efllllera WH ' mOlillied ill the airplnl1c just aIL of the 
pilot' , eockpiL ",ith the 11'11,' axis p;\ralld (0 the lateral 
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Axis of the ai rplane. The aiLitllde wa determined 
from the angle between the horizon on the picture and 
the frame of the picture. 

The Air speed of the airplan At landing was obtained 
by an . A. . A. recording ail'- peed meter (Reference 
3) connectE'd to a wi\7eling Pitot- tatie head mounted 
on a front t.rut of lhe RD.-plane. 

All records were ynchronized by m an of timing 
lines controlled by a chronometric timer adju ted to 
indicate Yo-second interval . 

Special film drum , in ternally geared so that the film 
spcpd was 2 )~ inch per econd were u cd on the control 
position recorders, pres Ul' recorder, and accelerom­
eter. These drum were tRtically and d~7namically 
balanced in an attempt to climinate the eO'cct of acccl­
el'ation on their r0tation. 

METHODS 

TESTS 

Statie tests,- The tatic test con i Lcd of Applying 
load in increments of approximately 400 p und and 
making thc following meaSllrements wit h eHch incre­
ment of load: With the rubbpr-cord gear , thE' elonga­
tion of the rubber c rds, the change in the treRd of the 
geAr, and the deprC'E ion of the lires; with the olE'O 
gpar, the compre, ion of the rllbh E' r disks, the po ition 
of the landing-ger..r pRrts wilh rc"pecl to the vertical 
<\I1d with respE'ct to eHch othE'r, the depre, ion of the 
tire, and the vflri .nce in the t.reAd of the gear . Aftel' 
H tatic load eqUA l to about three and one-half time 
th normal lOAd hAd becn pIa cd on the lAnuing gear, 
the load was then r('moved in the ame increment and 
corresponding measurement taken. In order to 
simulate th~ yibra tion that OCC-llrs in actual landing, 
which reduces the friction eIrect of thr moving part 
of the gear, the gears were tRpped lightly before any 
of t.he abo\'e-menlioned mra mement were made. 

Dynamic tests, - The dynamic te ts can i ted of a 
series of free drops on each landing gear with five 
difIerent cond itions of loading. The free drop of the 
landing gear was con idered that pOl,tion of the total 
veriical displacel1wnt of the landinO' gear wherein the 
downward or veltical motion of the test rig was 
unl'e trained. 

With the J'ubber-cord gear the E'fl'ective load, (i e., 
I hr ,bltic loads on tl1e tires) u cd were G 4, 1 1 3, 
J,7 2, 2,25" And 2,616 ·pound. With each loading 
condition fr('e drops were made in increment<; of 
npPl'oximately :) inche from a height of 2 inches abov 

regulation undel' 110rmalload condition for a landing 
gear to be L1 cd on tllis type of airplane. The 17 and 
11 inch drop were the large t allowed by t.he strength 
of the rllbber corel a wrapped, sincc with thesc drops 
they allowed the axles to hit the stop at the top of the 
guide. 

With the oleo gear thc load II cd we),e 672, 1,1 , 0, 
1,790, 2,320, Rnd 2,n75 pounds. k before, the drop, 
under rach loading w 1'e increa ed in increment or 
approximately 3 inches. With thi gear, however, the 
ini.tial drop \Va nude with the oleo cylinders in con­
tact with the J'llbbE'r-disk collar and the tire merely 
touching the landing platform. From thi point the 
hei.ght of drop wae; increased up to a 17-inch free drop 
with the 672,1,1 0, and 1,790 pound load, 26 inches 
with the 2,320-pound load, and 11 inche with the 
2,675-pound load. With the 2,300-pound load the 
height of drop \Va carried to 26 inches to extend. the 
datn, beyond thE' 24-inch fre e drop . pecified by the 
Department o/' Commerce. 

During the drop t.e t on the rubber-cord gear 
record were mRde of the el ngation of the rubber 
cord and the accelerations developed for eRch drop. 
For the oleo-gear record. \\'ere obtained o[ the relaLive 
motion of the pi tons and oleo cylinders, the compres­
sion of the rubber eli ks, the acceleration denlopeu , 
Hnd the pre Ul'E'S builL up in the oleo cylinder . 

An aLtempt was made to obtain an independent set 
o[ measurement<: of the acceleration developed during 
the drop te t by means o[ a hiO'h- peed motioll­
picture camen! which took approximRtcly 160 expo-
mc pel' . econd . Thi , however, proved too low to 

mea ure the variable with ufflcient accuracy to cal­
culate acceleration . 

Flight, tests,- The flight tests consi ted of normal, 
2-poin t and pancake landing, take-ofl' and taxying 
run with the landing gear mounted on an F6 -4 
airplane. In all the E' tests the airplane was fully 
loaded and wcighE'd 2,5 2 pound. In the take-off 
runs the airplane was flown off the groLmd rather than 
"pulled ofl'." The taxying run weI' made at a 
ground peE'd of approximately ],5 m. p. h. into and 
with the wind. The propel' level of oil in the oleo 
cylinder was maintained [or all of the test except 
tlu'ee of the flight test in which, through OVE'l' ight, 
t.here was in<;ufficienL oil. A n, con e(lnence, om 
interesting information \\'a, ohtained on the acLion of 
the oleo gear without the oleo cylinders functioning. 

Mea L1rement. imilar to tho e LRken in the Imp 
t.e t were taken in the flight tests \\"ith the addition or 
n mOlion-picture record of the attitude of the airplane 
in the take-of!' Rnd landing and a record of the ail' . pee l. 

PRE ISIO 

cl tlt lim to the greate t hoight from which it \ ae; lhought I 

, u fe to drop the landing geur. Wi th the 6 4-pouncl 
load the greatest drop was 20 inches, since with this 
drop a very yiolent robolll1el wa, expe)'irl1cecl. Wi th 
the 1,1 3, 1,7 2, 2,25 , and 2,616 pound loads the 
maximum hright.s of drop were 24, 24, ]7, And 11 
iIlCiJ(''> , re<;ppcti\'('i,v, The 24-in ch drop Wil S tile heighL 
Hj)t'cified hy the Dt'IJartmcll L of Commerce ill thrir tcst 

The control po, ition recorder used to r('corel tll(' 
def! clions of the shock-abso rhing unit. wer(' 1'01111(1 to 

1 hn ve no appreciable lug. The accuracy with whicb 
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deflection could be measured by lhi ll1eans WfiS fOllnd 
to be within ± 0.05 inch. 

Uaximum accelerations indicated by the recording 
accelerometer may have been somewhat in error clue 
to the nece sity for damping the movement of the 
indicating mechani m of the in trument to eliminate 
the pfl'ecL of vibration of the instrument mounting. A 
eompari on o[ the results obtained indicated that this 
error did not exceed 5 per cent. 

The diaphragms of the pressure recorder u ed to 
determine oleo-cylinder pre smes had a maximum 
movement at their centers of 0.002 inch. The move­
ment of the oil in the pre sure-tran mis ion tubing 
wa , therefore, small and practically limited to that 
cau cd by the compression of the oil and [.he expan ion 
of the tube. Tests indicate that the lag of the pressure 
rrcorclers wa negligible. The effect of the impulsr 
wavrs in the pressure lines wa, eliminaLed by drawing 
mooth curv('s of pH' sur(' through the records. Tlw 

pr('ssnre results are, thercfor(,, believed to be of satis­
factory accuracy. 

Difficulty wa experienced in obtaining the desired 
accuracy becau e of fluctuation in the angular veloc­
ity of the high-speed film drums u ed on the recording 
in truments. This caused inaccuracy in determinino­
the variation of the mea med quantitie with time. 
Tlus trouble wa not entirely eliminated by balancing 
the drums statically and dynanucally. The best 
indication of the accuracy of the re uIts, particularly 
of work versus heigh t of drop, seems to be the consi t­
ency with which the experimental points follow the 
smooth curves of the variation. From tills stand­
point the results obtained with the rubber-cord gear 
appear to be good. For the oleo gear, however, the 
results are somewhat erratic. The experimental point 
in till ca e appear to be ubject to an error o[ less 
than ± 10 per cent. It i believed, however, that 
the inconsistency of the results i partially due to 
the erratic action of the automatic valve in the oleo 
cylinders. 

COMPUTATION OF RESULTS 

For each drop te t of both landing gear 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 
maximum forces developed and the resul ting forces 
in each of the tructural members of both landing 
gears were calculated. In addition, an e timate of 
Lbe energy absorbed by each unit of each gear for one 
loading condition was made. 

To compare the two types of landing gears it was 
nece sary to know their reaction when an equal 
alllount of work was done upon them. Tlus was 
possible when the total vertical displacement o[ the 
gears [or similar loading condition wa u ed a a 
bit i of comparison. The total vertical displacement 

was taken as the yertical displacelll('ut of a point 011 

the test rig . lying in a plane passing through the 
center line of the axle oJ the landing gear and normal 
to the longitudinal axis of tbe test rig. This displac('­
ment wa the sum of the free drop, the maximum 
depres ' ion of th(' tires, the vertical displacement of 
the- test rig due to the movement of the- hock-ab orb­
ing units, and the di tortions of the structural 111e-])1-

ber o[ the landino- gear and te-st rig. The distortions 
were found Lo be so small, during the tatic test, that 
they were negligible. The free drop was .deternlined 
by the position of the te t rig prior to each drop. The 
yertical displacement of the point on'tbe test rig due 
to the movement of the shock-ab ' Ol'bing units was 
detennined from the in trument records of these 
movement and a calibration obtained from the static 
tests showing the relation h('tW('e-11 the afore-said 
movements and the vertical displacem('nt of that point. 

The depre ion of the tire- during the dynamie 
tests were not mea ured. In order to calculate thes(' 
depre ion, it was a wned that the depression o/" 
the tires were the same with a dynamic force as with 
a static load of equal magnitude .. It i realized thal 
thi as umption is an appro:x.imation, but is one that 
will give re ults within the accuracy of the test, a 
will be hown later. To obtain the depression of the 
tires for any drop te t, the force on the tires was rOlll­

puted from the recorded accelerations and the depres­
sion for thi force found from the tatic calibration of 
the tire dcpre sion versus load on the tires. 

The work done on the complete landing gear wns 
computed [or each test. This work was equal to lhe­
product of the efIective load Hnd its total vertical 
di placement during the test. 

The forces developed on the rubber cords were 
found a the products of the instantaneous values o[ 
acceleration (in terms of g) and the effective tatie 
load on the cords. The work done on the rubber cords 
could be found by two method : (a) By finding the 
integral of the curve of force on the cords (a deter­
nuned above) versus the elongations of the cords; 
(b) by a suming that the elongation o[ the cord wa 
the same for a dynalluc force and a static load of 
equal magnitude and by taking tbe integral of the 
curve of static load versu cord elongation (a deter­
nuned from the static te t) between the limit of load 
equal to zero and load equal to the maximum force 
developed on the cord. For a number of the drop 
tests the work done on the cord was computed by the 
two methods. It was fQund that the 1'e liltS of the two 
ao-reed witllin 10 per cent. As it is probable that the 
preci ion of measurement i of about thi same order 
of magnitude (see Precision), and although methocl (I» 
was based upon an assumption that is admitLedly only 
an appro~:illlation, it wa used in order to avoid a grcat 
deal of tedious work. The force and the work done on 
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the tires of hoLh gear and on Lh e rubber diBks of the 
oleo gear were ealculated in a manner imilar to Lhat 
employed 1'0], the calculations on the rubber cord. 

For the oleo cylinder , the force developed wa found 
as the product of the pre m e on the pi ton and the 
efrective pi ton area. The work done on the oleo 
cylinder wa equal to the integral of Lhe cury!' of 
piston force versus cylinder movement. 

The percentaO"e of work done on each uni t was found 
hy dividing the work done on each unit by the total 
\\"01'1 done on the landing gear. 

While no pecific measurements were made to obtain 
(he energy absorbed by t he landing gear , an approxi­
mate idea of the energy absorbed for one condition of 
10adin O" can be obtained from the tatic-load curves. If 
it i a sumed that t he deformation of the tires, di k ,and 
rubber cord i the same for a tatic load and an equal 
dynamic force, and the amount of energy absorbed by 
them i the same for equal deformations ine pective of 
the time interval, then the curves of increasing loads 
and decrea ing load versus deformation can be u cd 
to find the approA'imate energy ab orbed. The area 
under the curve of increa ing load versus deformation 
represented the work done on that unit during that 
par t of the tatic calibration wherein the load was 
beino' increa cd. The area under the curve of decrea -
ing load vcr us deformation repre en ted the work that 
\\"a returned by the unit during that portion of t he 
Lest wherein the load wa being decreased. The 
difTerence between the two area represented the 
energy ab orbed by the unit. Thi difference divided 
by the area under the increasing load curve gave the 
rati o of the energy ab orved to the work done on the 
unit. Knowing the di tribution of the work on the 
unit of the landing gear and the percentage each uniL 
ab orbed, the percentage that the complete landing 
gear ab orbed was roughly computed. 

In the flight tests the whole credit for ane ting the 
downward motion of the airplane wa given Lhe 
laneling gear. Actually, of course, the tail kid 
ane ted a portion of thi downward motion; however, 
crediting the landing gear with the whole work put 
Lhe re ultant calculated force on the safe side for 
de ign con iderations. The ma::-'-1mum force in the 
landing gear wa de termined a the product of the 
maximum acceleration developed and the total wight 
of Lhe airplane. The maximum force on each of Lhe 
trllctural member. wa determined by are olu tion of 

this maximum force in to Lhe proper component ·. 

RESULTS 

The results arc presented in Clll"Ye form for the drop 
Lest and in tabular form for Lhe night Le Ls. In all of 
(he CUITe Lhe re ults obtaincd wiLh the various loads 
used have been plotted against total vertical displace­
ment of the lauding gear. Th curves show the maxi-

mum acceleration on Lhe landing gears (figs. 4 and 5); 
Lhe maximum forces deyeloped on the Lire (figs. 6 ancl 
7); the work done on the complete landing gears (fig . 

and 9); on tire (figs. 10 and 11 ); on rubber cords 
(rio'. 12); on rubber di ks (fig . 13); and on oleo cylinder. 
(fig. 14); Lhe percentage of the total work done on the 
landing gear that is done on the tire (figs. 15 and 16); 
on the rubber cord (fig. 17); on the rubber di ks (fig. 
1 ); and on the oleo cylinder (fig. 19). 

Table I hows the maximum accelerations experi­
enced and the maximum forces on the cords during the 
initial stroke of the landing gear and the sub equent, 
O"round 1"L1l1 in the flight tesL with the rubber-cord 
landing gear . Table II show the maximum acceler­
ations experienced, the maximum forces developed 
on the rubber disk, and the ma::-'-1mum cylinder pres­
sure generated dming the llight te t on the oleu 
gear. Table 111 and IV how Lhe maximum forces 
developed on the structural members of the rubber 
cord and the oleo gear, re pectively, during the flight 
tests. 

Curves showing the relation between the total drop 
of the landing gear and the free drop arc O"i ven in 
Figures 20 and 21, The curve of the deformation 
of the shock absorbing unit vel' u the increasing and 
decreasing stati loads are sho\\'n in Figure 22. 

Additional information on the action of the oleo 
gear is given in Figures 23 to 29, inclu ive, which how 
the pressures built up in the oleo cylinder dming some 
of the drop tests. Figure 30 give the maximum 
pre sures generated in the cylinders during Lhe tests, 
and Figme 31 shows the maAwulll re isting force in 
terms of normal static load developed by the oleo 
cylinders and rubber disk during the drop tests under 
t he normal static loading condition . 

As a means of directly comparing the maximum 
forces or the accelerations developed in the two gear 
during thc drop te t ,curve of maximum a celera­
Lion for the two gears Lll1der an approximate tatic 
load of 2,300 pounds are shown in Figure 32. 

DISCUSSION OF RESULTS 

Comparison of gears. - The 1'e ult of the e ( sIs 
show the shock reducing qualities of the two gear, the 
abilities of the gears to ab orb work and thereby reduce 
the rebotmd, the comparative capacities of the gear, 
and the height of drop equivalent to landings. They 
also show the degree to which the operation of Lhe oleo 
cylinders approach cd the ideal operation. The rcsults 
also show the cifect of variaLion in loading conelitioll: 
on both O"ear. The e, however, will be but briefly 
discussed while the major discussion will be on the 
results of the drop tests under the apprQ)l.'imate loading 
oJ 2,300 pounds aud on the landing tesLs. The results 
of the drop tests will be di ('ll sed on th basis of toLnl 
ycr Lical elrop, ancl those of the landing tests 0 11 [L basis 
of similar types of landings. 
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Incidentally, from the experience gained 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 t.wo 
gears under service conditions. 

A very important phase of the comparison of the 
two gears is that of the ma:JI.i.mum 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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limited by the construction of Lhe gear, the oJeo \Va 
uperior in the very severe te ts. This is clearly 

shown by a perusal of the results. l?igul'e 32 shows 
the ma::-.i.mum accelerations 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 a free drop of 26 inches. The flight 

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
eient 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 01' 

bouncing is also an important consideration in its use. 
This tendency is controlled by the distribution of the 
work among the unit of t.he gear and the amount of 
energy each unit absorbs or dissipates. The work 
done on each unit and the percentage of the total 
work that wa taken by each of the unit is shown in 
Figmes 8 to 19, inclusive. Unfortunately, in drop and 
flight tests no measmements were taken of the amount 
of energy absorbed or of the rebound. An estimate 
from the re ult of the tatic tests (fig. 22) show , 
however, if it is a sumed that the work done on the 
llllits under static loadings was the samo as the work 
t.hat 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 landing whieh "felt smooth" and only in the 
most severe co. e caused rebound of the airplane. 
Thi diffeH.'lJ ce in the (ellcle-ncy t.o cause rebound was 
very pronounced in the drop te t. The rubber-cord 
crear cau ed a very appreciahle bounce in all of thc 
tests, but the rebound of the oleo gear . eldom cOtlsrd 
the wheels to leave the landing platform. 

The provious discussion showed that from the cOJ]­
sideration of the tendency of the grar to cause rebound, 
the oleo gear was yery uperior to tbe 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 tbe 
average types of landings and superior to the rubber 
cord for vory 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 cylinder, 
causing the oleo cylinders to be inoperative, the oleo 
gear ' was approximately as effective as the rub bel' cord. 
This showed that as far as the shock-reducing qualitie 
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 y tern" 
having a stroke whi.ch would allow the same restrained 
vertical motion of the load, as the oleo gear, for the 
same respective toLal drops. Thi. comparison can be 
made by noting Figure 5. On this figure, a curve of 
the theoretical accelerations for a 2,320-pound loading 
on an ideal unit with the stroke meeting the concli­
tions set forth above, is shown. It will be noted that 
in all of the drops the maA'imum 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 tho e of the 
ideal. Thi wide difference from the ideal case clearly 
shows that the oleo gear was not as effective a 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 i 
fmthel' brought out by comparing the maA'imum accel­
erations developed with its use with those that would 
he developed with the use of an "ideal" hock-absorb­
ing ystem. 

By an " ideal" system is meant a theoretical one 
which ofl.'ers a uniform retarding force throughout it 
entire stroke of such magnitude and character that at 
the end o[ the stroke, it has ab orbed 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 ma,ximum 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 CUI've starts at 19 with a total drop of the gear 
of 7.6 inches. 

The reason for the break in the "ideal" curve at 
19 and 7.6 inches total vertical drop may be some­
what obscure. For the purposes of compari on, the 
stroke of the "ideal" system has been a sumed to be 
the same a t.hat 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 
o to 7.6 inches, the units of the system act instantly 
1I pon release of the load before it has had an oppor­
Lunity to attain a velocity. Since the requirement [01' 

the " ideal " system is that it oITer a uniform retard­
ing [orce that will completely arrest the downward 
motion, the retarding force instantly built up "viII 
equal the force tending to produce motion which, in 
all ca es, is the force of gravity. When the drop i 
grcrtter than 7.6 inche , the load has attained a veloci t.y, 
n nd conseq uenLly po se ses some kinetic energy be1'o1'e 
the retarding [o1'ce i applied. In addition, then, to 

o\Tercoming the force of gravity, the retarding force 
must offer sufficient resistance to completely absorb 
this kinetic energy, and consequently, the retarding 
force mu t be in excess of 19. 

In an elastic system, in which the initial retarding 
force is zero, and in which the force dUTing the stroke 
i directly proportional to t.he displacement of the 
units, the maximum retarding force is twice that 
obtained with the u e of an "ideal" system having the 
same troke. This may be shown mathematically a 
follows: 
Let El = the energy absorbed by the "ideal" system. 

Ez = the energy absorbed by th ela tic syst m. 
Fl = the retarding force of the "ideal" system. 
F2 = the instantaneous retarding force of the elasLie 

system. 
Xl = the stroke of the" ideal" system. 
X 2 = the stroke of the elastic sy tom. 

In the "ideal" sy tern, the force Fl is a cons tall L, 
but in the elastic system, the force i propoltional to 
X 2 01' F2 = kX2 . 

The general expression for the amount of encrgy 
absorbed by the system is E =? Fdx. Thus the energies 
taken by the systems are 

El = Fl XI and E2= }~k X22 

In order to make a compari 'on of the two system, 
it is a sumed that they have the same stroke and ab­
sorb the same amount of energy. Accordingly, 
Fl X l =}(;kX22 

But 

Therefore, 

or 
F l =HF 2 

It has been hown that the nummum retarding 
force offered by the" ideal " system is 19. 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 unit, 
would be 2g. 

Again, referring to Figure 5, it will be noted that the 
smallest maximum accelerations recorded for the oleo 
gear tend to approach 2g, which indicates that in the 
very mall drops, its action wa similar to the above­
described elastic system, and that the retarding fo]'cc 
of the cylinders, during the small drop , was neO'ligible. 
It will also be noted that in all of the drops the maxi­
mum accelerations experienced with the u e of the 
oleo gear were in exce s of twice those of the theo­
retical sy tern. 

It i realized that the condition . et 1'o)'Lh 1'0), (.\Je 
"ideal" y tern can not be realized in praeLiee, hut. 
they may be more closely approached than wa Ll~e 
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case with thi oleo gear (Reference 4.) The marked 
difference beLween the action of thi oleo gear and the 
action of some other oleo units, with respect to the 
theoretical system, indicates that this oleo gear was 
not as efIective as it might hn,ve been, due either to 
improper action of the oleo gear or improper design 
of the landing gear. 

Another poor feature of the oleo unit was the 
breather plug in the top of the oleo pistons. When a 
free drop exceeding 5 inches or a very evere landing 
was made, oil would be thrown from these plug and 
would eventually flow onto the rubber di ks. This 
re ulted in the di 1 s becoming so impregnated with 
oil that after 75 per ent of the inve tigation had been 
completed the di k had to be replaced with new ones. 
The change in the disks completely changed the action 
of that unit and other units, so that entirely eparate 
et of re!'ult were obtained for the te t prior and 

su b equent to thi replacement, as shown in the figure. 
The curve designated by the ymbol + are from the 
te, t made prior to the replacement, and tho e indi­
caL('d by the symbol ® are from the tests made sub e­
qllont to it. The di k that were used as replace­
ments were upposed to be exactly imilar to those in 
tho gear n,L the on et of the te t , and were 0 as regard 
ize. From inspection they al 0 appeared to be of 

the same quality; however, from the change in the 
te t result it i obvious that they were not. Thi 
hows that even a mall difference in the quality of 

a unit has a very appreciable effect on the action of 
that unit and the complete shock-absorbing ystem. 

Maintenanee.- A comparison of the care required 
by the two gear dming the te t i intere ting, a i t 
presents a \'"ery good example of the maintenance 
that would be required for continued u e of them. 
At the on8et of the tests both landing gears were 
completely overhauled, the rubber-cord gear being 
rewrapped and the oleo gear realigned 0 that there 
would be no binding between its moving parts. Dur­
ing the investiga.tion no maintenance wa required 
for the rubber-cord gear, while the following wa 
n('ces ary for the oleo gear: 

1. Examination of the oil level after every three 
j ('st . 

2. Complete replacement of the rubber di k after 
75 per cent of the investigation had been completed. 

3. Di assembling of the oleo cylinder to remove 
coring caused by foreign particle being worked in 

between the cylinders and pi tons. 
Comparison of flight and drop tests.- It is inter­

esting to compare the result of the flight and drop 
te ts. It will be no ted from the re ults that the accel­
erations developed on contact with the ground in the 
good examples of normal and 2-point landing were Ie 
than those experienced in the ubsequent ground runs, 
and that the accellerations experienced in the taxi and 

take-off run wore comparablo to those experienced in 
these ground runs. Also, the maximum acceleration 
experienced in the tests were smaller in the initial con­
tact ",ith the ground on the oleo gear than on the 
rubber-cord gear and approximately the same as tho (' 
experienced for both gears in the sub equent grolllld 
runs. The accelerations developed in initial contact, 
in the tests for the average normal and 2-point land­
ing , were less than those experienced in the drop tests 
of l -inch free drop on the I'll b ber cord gear and los 
than any free drop on the oleo gear. In the flight 
te ts wherein POOl" normal or 2-point landing or aYcl'­
age pancake landings were made the maximum ac­
celeration experienced were less than those exper­
ienced with a 3-inch free drop on the rubber cord gellT 
or a l -inch free drop on the oleo gear. In a very 
evere pancake landing made on the rubb('r-cord gear 

the acceleration experienced wa comparable to that 
developed in a 7-inch free drop. In a pancake landing 
made on the oleo gear during the poriod in which thc l' (, 
wa insufficient oil in the oleo cylinders, a maxim 11111 

acceleration was ex:perienced which wa comparahl(' 
to that experienced in an -inch free drop on the 01('0 

gear with the ylinder properly filled with oil. 
Operation under various loadings.- Th discussion 

of the operation of the landing gears under the various 
loading conditions will be confined to indicating omc 
of the salient points. It will be noted in Figures 4 
and 5 that for th lighter conditions the rate at which 
the maximum acceleration increase with increased 
total drop varies with loading. Since thc minimum 
rate of incrca c in accelerations with the 10itding indi­
cate the load for which the landing gear WflS mo t 
effective in reducing shocks, these curves may be lIsed 
to indicate the load for which each gear was rno L 
effective. From this standpoint, the rubber-cord goal' 
appears to be most effective with the 1, OO-pound 
load, and the oleo gear with the 2,300-polmd load. 
Further con ideration sub tantiatcs the indication that 
1,800 pounds was the proper loading for the rubber­
cord gear. Figme 12, work done on the cords vel' us 
total drop , shows that with t.ho heavier loads the work 
that the cords were capable of taking reached the limit, 
set by the construction of the gear prior to tbe realiza­
tion of the 24-inch free drop specified by the Depart­
ment of Commerce for this type of landing gear. With 
the 1,800-pound loading the limit of the work the cords 
were capable of taking appear to have been reached 
at the 24-inch free drop. It is, therefore, believed that 
the proper loading for the rubber cord gear was ap­
pro~-imately 1,800 pounds and for the oleo gear 2,300 
pounds. 

CONCLUSIO S 

A comparison of the results obtainod with the rub­
ber-cord and tho oleo types of landing gears used in 
this investigation show: 
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l. The oleo gear was slightly superior in its ability 
to reduce the shocks incmred in ordinary landings and 
to tal vertical drops up to 16 inches for which the 
maximum acceleration was 3.6g with either gear. 

2. The rubber-cord gear wa increasingly superior 
in the above respect, as the height of total drop was 
increa ed above the 16 inches until the fmther elon­
O'ation of the cords was limited by stops at a total 
drop of 22 inches. 

3. At greater t.otal drops than 22 inches the superi­
ority of the oleo was again evidenced by its ability to 
with tand a total drop of 37 inches which corresponded 
to a free drop of 26 inches for this gear. 

4. The oleo gear with only the rubber disks acting 
wa approximately as effective as the rubber-cord g ar 
for ordinary landing and ground runs. 

5. The oleo gear is greatly superior to the rubber­
cord gear in its ability to absorb energy, and thereby 
reduce the tendency to rebound. 

6. The results obtained with the oleo gear show that 
the action of the oleo cylinders was far from that for 
an ideal cylinder, and leaves room for con iderable 
improvement in the design of the units and the gear. 

LANGLEY MEMORIAL AERO AUTICAL LABORATORY, 

NATIO AL ADVISORY COMMITTEE FOR A ERONAUTICS, 

LANGLEY FIELD, VA., lvlay 20, 1930 
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TABL E I 

RESULTS OF TESTS ON R UB BER- CORD DECK LANDI NG TYPE OF LANDI G GEAR ON AN F6C-4 AIRPLA E 

Test 
No . Typo of test 

Initial contraction of 
landing gear 

Major impact in ground 
run 

Oord loads Cord loads 
(pounds) I Accelera- (pounds) Accelera-

1---,--- tion g 1---,----1 tion 0 

R ight Left Right Left 

Rcmarks 

--�-~--------I------------------I--------------I 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

;~It~"o,~ ••••••••• ~~.~ •• ~ •••• ~.,.,~ •• · •• ~ ,~~.IJ~JltU 
Do ________________ ______ .. _ 1,360 1, 525 1. 58 ________ 1,370 1. ~~ 
Do __ .. ________________ .... _ ________ ________ 1,48 ________ ________ 1.~~ 

D o_________________________ 1,330 1,920 1. 92 1,360 2,430 1. 97 
Do_________________________ 2,720 1,920 2.17 1,900 1, 920 1. 69 
Do_________________________ 1,590 2,150 2.02 1,770 1, 70 1. 69 

'rwo-poinL ____________________ 1,370 1,540 1. ~~ 1, 730 1,750 1. ~~ 
D o ______________________ .. _ 1,170 1,710 1. ~~ 2,4 0 2,940 1. ~ 
D o______________ __________ _ 2,940 3,420 2.55 4,670 3,470 3. 33 

Pancakc_ ______________________ 4,010 4,600 2.90 3,730 3,470 2.46 
Do ______________________ .. _ 2,490 2,500 2.17 1,980 1,620 
Do __ .. ______ _______________ 3,810 2,210 2.75 2,770 2,200 1. 83 

Eg::::::::::::::::::::::::: ~:~~ ~:~~~ I U~ 1--3;630- --2;440- -----i02-
Do________________ _________ 3,960 5,640 3.64 3,730 3,560 2.41 

Wind gusty. Taxi into wind. 
Normal taxi into wind. 
Normal taxi with wind. Field wet and soft. 

Tormal taxi with wind. Field wet but firlll. 
Smooth t.ke-ofL Wind gusty. 
Smooth t.lkc-oll. Good section of field. 
F ield wet in spots. Wind very gusty. 
F ield fai rly fi rm. Wind vcry b'1.lsty. 
Field firm. 'rail l ow 2-point. 
Rough land ing. Plane bounood . 
Rough 3-point landing. 
Fairly rough landing. Engine miSSing. 
Fast land ing. Good 2-point landing. 
Very good 2-point landing. 
Very severe landing (2-point). 
Rather severe landing. Field firm. 
Fairly smooth landing. Field firm. 
Landing not very severe. Field good. 
Smooth landing. Very slight pancake. 
F airly smooth landing. 
Good pancake landing. 

NOTE.-Piiots d id not make very severe pancake landings due to the manner in which this type of landing gear caused the phlllc to bOllnoo. 

_____ J 
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TABLE II 
RE ULTS OF TEST ON OLEO WITH RUBBER DI K LA DING GEAR (DECK LA DING TYPE) 0 

AIRPLANE 
FBC- 4 

Test 
No. 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Initial contraction of landing gear Major impact in ground nUl 

Type of tcst Disk loads Oleo pressures I Disk loads ' Oleo pressures 
(POIUlds) (lbs./sq. in.) .\ cceler- (pounds) (lbs./sq. in.) Acceler-

Remarks 

a tion g -- - I ation 0 

Right Left Right I-dft Right Left Right Left 

------------ --- --- ------
Taxying ___ ____ __ ___ _____ ___ __ __ ____ _____ _____ ______ __________ _____ 2,120 3,000 __ __ ____ ____ ___ _ 

Tnk~giT -~~:::::::: ::::: : :: ::::::: : : : :: : ::: :: :::::: :::::::: ::: ::::: ~: ~~g ~:: 1----2io- ----385-
Nor~~i -Ia;;(iing::::::::::::I:::::::: ::::::::'----575- ----605- --- i:45- __ ~~ ~~ ___ =~~~_ ----440- ---- i60-

Do __ __ ____________ _____ 2,220 1,400 345 260 1.45 2,800 2, 580 450 160 
Do __ __ ____ ___ _______ __ 2,120 2,030 990 450 2.25 2,220 2,300 53.; 100 
Do __ ________ ____ ____ ___ 1,810 1,580 ______ __ __ ______ 1.15 2,420 I, 20 _____________ __ _ 
Do________ ____ _ ________ 2,010 1,920 _______ _ ________ 1. 58 2,220 2,300 ___________ ____ _ 
Do ___________ ___________ ___ ____ __ ______ 1, 190 230 1.25 1,910 2,400 240 570 

1'wo-point _________ _________ 1,370 2,030 440 330 1. ~ 1, 480 1,580 200 140 
Do ___ _________ ______ __ 2,220 1,470 220 500 1.3~ 2,110 1,920 '150 340 
])0 ____________ _________ 2,800 3,190 375 440 1.73 1,480 2,530 160 210 
Do____ __ _________ __ ___ 1,910 1,700 560 730 1.47 2,320 3,190 160 423.,,0 

Pancake _________ __________ 2,670 2,410 (I) (I) 2.22 3,1SO 2,300 85 ,~ 
Do _____________________ 3,710 3,190 (I) (I) 2,850 2,890 _____ __ ________ _ 
Do__________________ ___ 3,4SO 3,770 (I) (I) 3. 3 2, 50 4,020 _______ __ ______ _ 

Do _____________________ 2,590 3,470 200 200 \.38 2,120 4,080 305 165 
Do _______ ___________ ___ 2,300 3,590 1,150 1,150 227 2,670 3,470 160 310 

1. 68 Very low oleo pressur s. 
2.02 Do. 
1.9 
1. 68 Pressures too low to mensurC' . 
1. 9 1Il00th laneling. Field goo< l. 
l. ,;8 Smooth landing. Field firm . 
1. 4 Fnir landing. Fielcl firm. 
1. 38 ' Good landing. Cross wind. 
1.69 Do. 
1. 53 Wobbly landing. Field firm. 
1. 29 Slight pancake. Ficld firm. 
1. 58 Fast land ing. "Floater." 
1. 28 Fast landing. Tended to take-oil'. 
1. 68 Very consistent 2-point. 
2. 17 Stalled 2-point landing. 
2.07 / Good 2-point I!lIlding. 
2.85 Severe landing, bounced. 
1. 73 Not severe landing. 
1. 6 Field wet and sort. 
1. 68 Fairly severe. Field wet and soft. 

Do ________________ _____ 2,4SO 2,890 660 760 2.17 1,370 3,770 I 3.J 115 

--'------
I Oil out of cylinders. 

NOTE.- Remnrks taken from visual observation of [Jjght tests with tho e,ooption of notes covering pressures genemted in the oleo cylin (lers of thc landing g~<lr. 

TABLE III 

LOAD DISTRIBUTIO 0 RUBBER-CORD LANDING 
GEAR MOU TED ON AN F6G-4 AIRPLANE 

Maximum loads in members dU7'ing initial stroke of landing gear 
shock-absorber units 

----
Test Type of tes t P, F, P, P, Flir t. Fcord~ 

, 
No. 

-- ------ --- - - - ------
7 Nomal landing __ 1,9SO 1,850 2, 20 1,400 2,530 3,530 00 ________ 920 840 1,370 810 1,210 1, 525 

10 Do _____ -- 1,130 1,040 1,660 940 1,4SO 1,920 
11 00 _____ 1,250 1,150 1,840 1,040 1,630 2.150 
12 Do _______ : __ 1,570 1,440 2,300 1,310 1,990 2,720 
13 Two-point. _____ 890 830 1,240 570 1,220 1,5-10 
14 ])0 _______ 9SO 920 1,370 630 1,340 1,710 
15 Do ____ ______ 1,900 1,790 2,660 1,230 2,450 3,420 
16 Panenkc _ ---- 2,630 2,410 4,lIO 2,560 3,210 4,600 
17 Do __ ___ 1,470 1,350 2,300 1,430 1,850 2,500 
18 ])0 _ ___ ______ 2,090 1,910 3,210 2,110 2,710 3, 10 
19 Do ___ __ ___ __ 1,240 1,110 1,870 1,230 1,560 2,050 
20 ])0 __________ 1,680 1,510 2,540 1,660 2,060 2,825 
21 Do ___ ___ ____ 3,170 2,900 4,710 2,7SO 3,850 5,640 

Maximum loads in members after initial stToke of landing gear 
or dUTing gTound Tun 

1 
2 
3 
4 
5 
6 

10 
11 
12 
13 
14 
15 
16 
17 
1 
20 
21 

rl'axying . _______ . Do ___ ______ _ 
Do _________ _ 
])0 _ __ __ ____ _ 

T ake-off ________ _ 
Do ____ ___ __ _ 

ormsllanding __ Do _________ _ 
Do _________ _ 
Do ____ ____ _ 

Two-point. ___ _ 
Do _________ _ 
])0 _ __ __ ____ _ 

Pancake ________ _ 
Do _____ ____ _ 
])0 _ _____ ___ _ 
Do ___ ______ _ 
])0 _ _ _______ _ 

1,120 
1,320 
1,800 
2,920 
1,300 
2,070 

910 
1,440 
1,130 
1,160 
1,030 
1,690 
2,630 
1,610 
1,1SO 
1,630 
2,120 
2,ISO 

1,010 
1,170 
1,620 
2,620 
1,190 
1,900 

830 
1, 310 
1,020 
1,050 

950 
1,560 
2,420 
1,460 
1,070 
1,480 
1,920 
1,970 

1,690 
2,010 
2,720 
4,420 
1,930 
3,OSO 
1,3SO 
2,230 
1,750 
1,790 
1,510 
2,480 
3,850 
2,490 
1,830 
2,520 
3,270 
3,360 

1,090 
1,400 
1,790 
2,930 
1, 140 
1,820 

820 
1,390 
1,090 
1, 120 I 

960 
1,410 
2,190 
1,550 
1,140 
1,570 
2,040 
2,090 

1,410 
1,630 
2,200 
3,440 
1,660 
2,570 
1,190 
I, 10 
1,440 
1,4SO 
1,350 
2,140 
3,240 
1,960 
1,500 
2,030 
2,590 
2,650 

p. is the compressive load in the forw ard side strut of the landing gear. 

1 850 
2: 150 
3, 015 
5,290 
2,210 
3,010 
1,370 
2,430 
I, 70 
1,920 
1,750 
2,940 
4,670 
3,730 
1,9SO 
2,770 
3,630 
3,730 

p, is the compressive load in the middle side strut helow the junction of this strut 
and the rear side stru t. 

F, the compressive load in the midcUe side strut above the junction of this strut 
and the rear side strut. 

p, the tensile load in t he rear side strut. 
P,. ,d. maximum load on tbe r ubber cords on one leg of t he landing gear. 
P"", maximum load on one tire of the landing gear. 

NOTE.- In the above load-distribution tabulation onl y the ver tical load on the 
ti res were considered. 'I'he ahove is, therefore, only an approximation and is iudic­
alive of the true values due to disregarding the horizontal component of the load. 

TABLE IV 
LOAD DISTRIBUTION 0 OLEO-RUBBER-DI Ie LA D­

I I G GEAR MOUNTED ON A F6 4 AIRPLANE 
Maximum loads in membeTs during initial stroke of landir·g gear 

shock-absorbel' units 
Loads on struts, axle, and tires in pounds 

---- F,-. ---", -, F lJ' Disk Fh Flire. -. Fl .L'~ I. 2a loads '~~t Type of test 

-- --- - --- ---------
Normal land-

27 ing __ . ______ 1,170 2,080 440 4,170 1,920 2,930 2,970 2,220 
2,120 
1,810 
2,010 

28 Do ______ 1, 150 1,9SO 420 3,940 1,7 0 2,730 2,7SO 
29 Do _____ _ 950 1,700 360 3,400 1,560 2,430 2,470 
30 ])0 ____ __ 1,040 1,870 390 3,730 1,690 2,600 2,600 
32 Two-point ___ 1,050 1,900 ----wo 3,70 1,800 2,730 2,770 2,030 

2,220 
3190 
1: 910 
2,670 
3,710 
3,770 
2,890 
3,470 
3,690 

33 ])0 __ ___ _ 1,050 I, 0 400 3,250 970 1,990 2,020 
34 Do _____ _ 1,550 2,790 590 5,060 1,790 / 3,260 3,310 
35 Do _____ _ 940 1,680 360 3,110 970 2,030 2,060 
36 Pancake __ ___ 1,390 2,500 530 4:960 2: 240- 3,4603, 510 
37 ])0 __ ____ 2,000 3,590 760 7,280 3,520 5,200 5,280 
38 ])0 __ ___ _ 2,030 3,640 770 7,390 3,570 5,260 5,360 
39 Do __ ____ 1,580 2,850 600 5,930 3,000 4,300 4,370 
40 Do __ ____ 1;860 3, 320 700 6,690 3,170 4,750 4,820 
41 Do ___ ___ 1;880 3,390 710 6,780 3,130 4,760 4,830 

Maximum loads in members aJte?' initial stToke oj landing-gem' 
07' dU7'ing ground run 

22 Taxying _____ 1,620 1 2,910 I 610 6, 020 1 2' 970 4,330 4, 400 3, 000 
23 Do __ __ __ 1,500 2,690 ' 570 5,430 2,540 3,830 3, 890 2,850 
24 Take-off _____ 1,700 3,060 i---a50' 6,090 2,750 4, 250 4, 310 3, 280 
25 ])0 ______ 1,600 I~-'~ 5,460 2,220 3,670 3, 720 ~ 
27 Normal land-

ing ______ __ 1,40 2,630 550 5, 260 2,420 3,690 3,750 2,800 
28 Do ______ 1,700 3,060 650 6, 100 2,750 4,220 4,310 3,280 
29 ])0 __ ____ 1,270 2,280 480 4,550 2,090 3,250 3,300 2,420 
30 ])0 __ ____ 1,190 2,140 450 4,290 1,930 2,9SO 2,9SO 2,300 
31 Do __ ____ J,280 , 2,320 ~ 4,820 ~SO 3,450 3, 520 2,400 
32 Two-poinL __ 20 ' 1,480 310 3,010 1,400 2,120 2,150 1,580 
33 Do __ ____ 990 1,790 370 3,070 920 1,890 1,920 2,110 
34 Do __ ____ 1,230 2,210 470 4,010 1,420 2,590 2,630 2,5;30 
35 ])0 __ ____ I, 570 2, 10 590 5, 190 1, 620 3,400 3,450 3,190 
36 P aueake __ __ _ 1,660 2,980 640 5,900 ' 2,670 4,120 T,TO 3,180 
37 Do __ ___ _ I, 560 2, 790 590 5, 770 2, 740 4,060 4,110 2,890 
38 Do ______ 2,170 3,880 820 7,980 3,810 5,640 5,720 4,020 
39 Do __ ____ 2,070 3,720 7 0 7,730 3,910 5,620 5,700 3,770 
40 Do _____ _ 2,190 3,910 820 7,870 3,730 5,580 5,660 4,080 
41 Do ______ I, 20 3,280 690 6,550 3,030 4,600 4,670 3,470 

P. is the tension in the axle due solely to tbe tendency of the side struts to movo 
outward. The tension due to bending is not included. 

p", .. is tbe maximum load on one tire during the portion of the landing test as 
noted. 

FH t he tansile load on tbe center V struts. In this determination no side load was 
considered . The maximum loads as given are due solely to the downward load of tho 
axle. 

FI compressive load in the forward side strut above the bridge supporting tbo oleo 
piston. 

F, tensile load on rear side strut above oleo-piston bridge support. 
FI, compressive load on forward side strut below oleo piston support. 
Fh tensile load on rear side strut below oleo-piston support. 

OTE.-In tbe above tabulation only tbe verticnlloads on tbe tires were consid­
ered. The values as given are, therefore, only approximate and indicative, as the 
horizontal component bas not been considered. 
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