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THE SHOCK-ABSORBING SYSTEM OF THE AIRPLANE LANDING GEAR®

By Pletro Callerio

A discurslon ie given of the behavior of the shock-
absordbing system, consiating of elastic strute and tires,
under landing, take-off, and taxving conditions, and a
general formula derived for obtaining the minimum atroke
requlred to eatlefy the conditions imposed on the landing
gear. Finally, the operation of aome typlcal shock-
ebsorbing system ig examined and the necessitx brought out
for taking into account, in dynamic lending-gear tests,
the effect of the wing 11ft at the inetant of contact with
the ground.

l. In numerous examples of airplane landing Zear, the
dear conglsts of a rigid structure to which 1s sttached a
deformable member to which in turn ies attached the wheel,
clearly indicating the modern vpractice of having the en-
tire shock-absorbing syetem within the landing gear. The
importance of such a system is evident: It 1s only nec—
espary to consider the constantly increasing landing
speeds, a consequence of the hizh wing loads assumed by
modern airplanes, and the steep flight-path inclinations
permitted by present high-1ift devices (reference 1).
The tendency toward glide landinge without leveling off
near the ground -~ a tendency whose nrincipal reason 1s
found in the greater difficulty which is experienced in
levelling off on landing with high-11ft devices and which
assumes particular importance for mircraft designed for
blind flying - brings into prominence azain the probdlem
of the determination of the shock-absorber characteris-
tlce. It is sufficient to consider the famot that an mir-
Plane which lande At a apeed of 120 kilometers per hour
with a flight-path inclination of 1:9, if not properly
leveled off by the pilot before the wheels touch ground,
develops the same stresses o8 if it fell from e height of
70 centimeters.

2. The vrincipal purvpose of a shock-absorbing system
is that, by means of the considerable deformation of the

*ugul 8lstema ammortizzatore dei carrelll d'meroplano."
L'Aerotecnica, vol, XIX, no. 6, June 1939, pp. 62F-640,
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elastic memdber embodled in the structure, to permit the
vertical veloclity of the alrplane to be reduced Zradually
to zero on landing, in such a manner that the forceces vro-
duced on the structures should not exceed the stress val=
ues designed for those structures. After the veloclty has
been raduced to zero, if the shock-absorbing system con-
slsted of a perfectly elastic member the stored-up energy
would be restored more or less suddenly 3Ilving rise to a
rebdund which, 1f not controlled, might be not-only dls-
agreeadble but even danzerous. In order to avoid this dif-
ficulty, the shock-absorbing system should be capabdle of
dissipating, with the ald of sultable arrangements, a

large part of the ‘energy possessed by the aircraft in land-
ing and of damping the return motion due to the stored-up
potential energy of deformation of the syetem ~ permitting,
however, the shock absdrber to assume its inltial poeition
sufficlently rapidly that it may be ready to operate 1in
case of an immediately subsequent shock. In addition to
this most important and essential function of the shock-
abeorbing system, it 1s necersary to conslder its qpera-
tion during taxylng and take-off. When the alirplane tax-
tes at low speed the sanock mbsorber should simply permit the
wheels to follow the irregularities of the ground and to
damp the shocks produced by them. Since, on the other.
hand, these shocks -are not generally of a character 'to zive
rise to dangerous stresses on the structure, too Zreat =»
travel would be not only useless but unfavorable because 1t
would hinder the maneuverability during taxying:. The en-
ergy .dissipation provided by the tires may be assumed suf-
ficlent in this case, particularly 1f they are of the low-~
pressure type.

When the airplAne runs on the Zround to take off,
after 2 firet lnterval during which it is under conditlions
similar to those of taxying, a certaln veloclty is reached,
beyond which merodynamic forces on the wings coms ingcreas-
ingly into play. The load on the wheels g£radually de--
creases until finelly, having attained the veloclty of
take-off, the load decreases to zero. Xven though the
shock absorber (because of its mechanical nature or char-
ecteristics) cannot be successfully desligned to accommo-
date both high and low vertical velocitles.and is there-
fore designed to accommodate the hizh vertical velocities,
the low ones being chiefly damped by the aerodynamic forces;
nevertheless, 1t 1s necessary that there be a certain amount
of travel of the shock absorber between the vosition that
corresponds to static load and the position of zero load
in order that the wheels follow the profile of the_ ground,
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thus preventing the reaction on the wheels from being sub-
Jected -to abrupvt ‘variations in intensity.

Too small a shock.absorber travel (between static and
gero load pasitionms) would in fuch a case lead to the phe-
nomenon schematically illustrated ¢n figure 1. While in
poeltion A +the weizht ie supported by the elastic resc-
tion on the shock absorber, at position B - due to the
unevenneas of the Zround - there would be a further defor-
matlion of the shock~absorber elastlc system. The mase mn,
which tends to remain in i1te position, 1s thruet upward as
a result of the compreseion of the soring end, if the shock
absorber doeas not permit a sufficient distention, the wheel
at a certain point mav lose contact with the ground, with
a consequent mucceedinz shock.

From what has been sald above, 1t ie seen therefore
that the shock absorber should possess the following re-
quirementa:

1) It should permit landing with » sufficlently
large (landing Zear) travel,

?) It should dissipate a large oart of the energy
possersed by the =irplane due to the vertlcal veloclty,
and dsmp the return travel due to the enerzy epbsorbed elas-
tically.

%) It should vermit a limited travel above and de-
low the vosition of static load durinzg taxying at low and
high veloclty.

. 3. Althouzh the above considerations refer partlcu-
larly to the landing gear (8o called), they apply to a
"ghock-absorbing system" in Zeneral - which term was meant
to lnclude also the part referring to the tail wheel.

Since the bvehavior of both (units) 18 entirely similar,
however, we may limit our considerations to the shock-
absorbing eystem of the landing Zear (main wheels), in which
the zreatest stremsses occur snd which, in a particularly
important case - namely, that of a two-wheel landing -

takes all the load.

Let us therefore consider this landing condition and
aspume that outslide of the shock-absorbing system, the
other parts of the airplane have no elasticity., Thile as-
sumption 18 equivalent to the statement that all the points
of the alrplane underzo the same accelesration in landins.
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Actually, with increasing distance away from the landing
gear, the acceleration gradually deécreanes due-to the work
of deformation of the interposed structures, but this de-
crease 1s absolutely nezligidle. According to some Admer-
lcan investigatione, the elastliec work of deformation may
be considered to vary from 0.0115 to 0.72%0 k& m for each
kilogram of the structuré, and this corresvonds to a suf-
ficlently small percent of the energy to be absorbed that
i1t 1s not-worth while to consider it.

4. From the theoretlcal polnt of view the dampling
system 1s studlied, in goneral, by neglecting the elastlc-
1ty of the wheel (fig. 2), assuming all the mass m ocon-
centrated at the center of gravity and possessing the ver-
tical velocity Vo, and anparont wolght aP*; assunlne,
moreover, that the reaction of the shook abaorber is Zlven
by the simple expression .

R = es + Kv (1)

where cs. is the elagtie renction, and Kv 1s a digsi-
pative term proportional to tho veloclty.

From the above assunptions there ean easlly be de-—
rived tae equation of motion, considering the equillidrium
between the applied forces and the forces of ilnertla.

This study, however, would not present any 3Ireat practical
interest because the conclusions arrived at by this math-
ematlcal treatment are considerably modifled because of

the fact that the dissipative term 1s taken proportional

to the veloclty instead of the square of the veloclty as

it normally actuallr is, and because other elements are
neglected (friction, viscosity of the damping liguid, etc.),
and particularly, because the shock absorber operatea
Jointly with the tires.

It may merely be polnted out that, acécording to wheth-
er the damplng 1s large or small, there 1sg obtalned an ave-
riodic motion or an oscillatory dampéd motion, and that in
the case in which the coefficlent a« 18 equal to zero,
the motion 1s the same as that of-a horizontally osclllat-
ing mass whose damping is proportional-to the voloeclty.

In the case of strong damping there are obtained curves of
the tvve of those of figure 3, which show qualitatively

*The apbarént weiéht aP 1? the differenqe between the
welght P = mg and the 1ift (a-= 1 for low veloclty,
zerg aerodynamle forces; a = 0 at the veloclity of take~
off). :
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the variation of the force R+ as a function of the dis-~
Placement and:the tipe. . -

&. The problem hecomes consideradbly more complicated
if the shock gbsorber is -conslidered as conslisting of two
distinct elastioc systems operating simultaneously ~ an as-
sumptlion which corresponds to the actual condltions eince
the wheel .tires must be considered in addition to the
shock absorber. In this case, 1llustrated by the sketch
of figure 4, calling BR,; the reaction of the wheel, and
Ry, the corresponding force on the shock absorber, - we have:

Ra=aRl

where &8 18 a coefficient which depends on the-geohetric
characteristics of the landing gear under consideration.
The value of & may be constant or variadble for the dif-
ferent positions assumed by the landing-gear struts during
deformation. In this case, since the varlations are al-
ways rather small, a mean constant value may be assumed
for a. Meking, in addition, the simplifying essumptions:

Ry = 03 §,
] B, = Gy S, + BRv,

the mathematicael treatment lesds to dlfferential equations
(reference 2) which are much more complicated than those
obtalned for the case of the shock absorber alone, re-
ferred to above. These equations, on account of false as~
sumptions made in deriving them, cannot correspond to the
actual condltions.’

On, account of the uncertalntlies of the mathematical
procedure, we shall leave the theory aside and consider
instead the practical problem that presents iteelf to the
deslgner, namely, what displacement 1s necessary in order
that the stresses on the structure should not exceed safe
values. The regulations prevailing in varlous countries
prescribe 1ln general that the shock-absorbing system should
be capable of absording the kinetlc energy due to a cer-
taln vertical landing velocity V,, or that due to a drop
of the alrplane from a certain height without any forces
arising on the structure that exceed n times the weight.
Although, instead of the velocity Vo. the corresponding

drop helght H = Voa/ag may be used lnterchangeabdly, we
shall refer to the drop veleclity V,.
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We may observe here that the initially prescrided
load factor n permits the computation of the structure
on the baslis of a simple study of the landing gear as a
whole before any special study of the shock absorber is
carried out, which mey be done subsequently. "It 1s néc-
essary, however, even for a preliminary study, to know
the stroke of the shock absorbder in order to define the
extreme positions assumed by the wheels and by the land-
ing-gear strute in take-off and in landing. These posi-
tions must be considered bdoth for strength calculations
"and for the determination of the minimum distance of the
propeller blades from the ground during taxying - which
distance must not be below a certalin value.

The advantage of reducing the travel of the shock
absorber to a minimum is evident not only for welght econ-
omy but aleso in certain types of landing gear for prevent-
ing the wheels from assuming too great a deviation between
the positions of maximum and zero deformations.

Having, by some method, chosen a value of the - coeffl-
clent n that should not disagree with that prescribded
by the regulations, it is necessary that the travel be de-
termined so as to guarantee that under the most unfavor-
able landing conditions, thlis value is not exceeded.

Let us now consider the airplane in landing. We as-
sume that we have already carried out the preliminary in-
vestigation of the landing gear sketched in figure 5:
Makinz use of the previously given notation, we indicate
by B, the force on the wheel, by Rz that on the shock
abgorber, and by aP the apparent weight of the airplane
at the lnstant of landing, which welght may be considered
constant for the brief period of the landing shock, The
following relations may be written: R;.= a R, (force on
the_shock absorber is =a times that on the wheel)

¥ E‘; ~R,;+.aP = 0 (equilibrium between applied forces

at
and force of inertla); from these we have:
Ry dv

By -~ aP = =2 - aP = M ¢

Considering a time dt 1in which the center of gravi-
ty 1s lowered by ds while the tire 1s deformed by dsy

and the shock absorder: by ds,, we have:
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R; ds; + Bg dsg = - M %f de + o P ds

and since ds = v dt:
a
E;dsl+Rgdsa=-l{d(-v§—>+des

After the time t required for the vertical veloclty
to be reduced to zero (the center of &ravity will be low-
ered by the amount 8 = h, the tire deformed by S,, and
the shock absorber by §5;), we have:

\ P
R, ds, + By d8g = M 5+ aPh (1)

a relatlon which states that the shock absorbsr should ab-
sorb an amount of energy corresponding to the sum of the
kinetlc energies possessed by the airplane due to the ver-
tical component of the velocity and the notential enerzy
due to the displacement h of the center of gravity of
the alrplane after contact with the zround.

We assume now that we know the curves R, = f(s,) and
R, = ®(s;) obtained simultaneously (fig. 8). In order

that the forces on the structure should not exceed n
times the welght, the maximum value of Ri should be equal

to 2P, and hence the maximum of R, should be a n P.
Denotlng dby X, and K ; the ratios

K i.__l__L_
§, n P

™)
il

Kg _ J BRg dsg

relation (1) becomes:

P
Ky 85, n P+ a K3 83 n P = 2 2 taePh (1a)

from which, dividing by P and remembering that the total
displacement h of the center of gravity 1s

h=S:,_+a.Sa
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there is obtained
Voa
nKlsl+anKBSa=§-é—+a.h
Hence, knowing the deformation 6§, of the tire at the co-~
efficient =n, the shock absorber travel 1s glven by
v 2
—Q—-81 (nKl-a.)

_ 2g .
8a = a (n ks - a) y (2)

If, instead of the veloclty V,, the corresponding

drop heizht is considered, H = V,2/2g, there 1s odtained

H-5§ (aE; - a)

Ss = a (n K5 - a)

(2a)

This relation, in the case in which the shock absorbder
alone 1s congidered to overate, may be wriltten:

H
Sg =h = 2b
a ankzg-a ) (2v)

which is the formiln u8ually given for the shock-absorber
travel and is seen to be indevendent of the welght of the
alrplans.

7. Let us consider what are the possible values that
may be assumed by the coefflcleuts X, and Kz of for-
mula (2). As.regards the tire, although there are not
many data on which to base a judgment, 1t may be assumed
on the basis of recent tests (reference 3) that the defor-
matlions and the loads are connected by & relation of the

type
H-l:A-Bml (m>1) (3)

If, instead of statliec loads, dynamlic loads are considered -
which, for example, are obtained by measuring the forces
due to the accelerations determined from the drop of mass-
o8 resting on the tire - similar diagrams are obtained,
except for greater curvature, in the sense that the tire
behaves for low dynamic loads as if it were less rigid,

and for the other dynamie loads as if i% were more rigid
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than if static loads were applied. The relation (3) ie
sti1ll volid, but the -exponent m _increases to an appreci~
able eztent. oo v

Figure 7, obtained with a low-pressure tire 8.50 x
10 (640 x 205) for two dlfferent tire pressures, shows
clearly - in addition to what we have sanld -~ that the dl-
vergence between static nnd dynamic londs 1s more marked
the less the inflation pressure of the tire.

On examining some tire depression curves obtained
with dynamlec loads, 1t is found that the value of K, for

the usual pressures and deformations permitted in practice,
fluctuates between 0.32 and 0,35 for low- and medium-
pressure tires, and between 0.40 and 0.43 for high-pressure
tires. In any case, since the dynamic behavior is marked-
ly different from the static behavior, 1t is necessary to
carry out a systematic series of dynamlc compression tests
on tires of uniform size, so that it may be possidle to
deduce, with sufficient approximation, the values of the
exponent m, and hence, of the coefficlents X, required

for the determination of the energy effectively absorbed
by the tires.

As regards the coefficient K, , it neturally varles

greatly from one type to another. While it has a value
approximately equal to 2.5 in the case in which the shock
absorber conslsts eslmply of a spring without initlal ten-
sion (a very rare case, of course), 1t has a value between
0.80 nnd .85 for the oleopneumatic and oleoelastlc types
that have received much study. Theoretically, a value of
Ka might be obtalned equal to 1, but on account of the

large number of not easily determinable factors that enter
into the phenomenon (drop height, veloclty of deformation,
viscoslty of the liquild, etc.), it is best not to assume
for the shock absorber - At least, for the preliminary
study ~ a value exceeding 0.B5: We may observe that while
it is wise to assume rather low values for the coefficlents
K, and Kz, it is of no advantage if they be too con-
servative. In the case in which the shock-absorber stroke
has been computed on the basis of too low. values of K,
and Kz, the work that the deformable system can perform
ls greater than the work necessary to reduce the vertical
velocity to sero, and therefore elther the shock absorber
does not reach the end of its stroke or, having reached
it, determines forces on the structure that are less than
those for which they have been designed. In either casse,

Ehe utilization of the shock absorber is not loglcally the
eﬂt.
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Naturally, the opposite occurs and wlth consequences
thet may be very serious 1f the values of X are chosen
too high (i.e,, if travel is insufficlent). . In this case,
even in landings that do not correspond to the maximum
velocity assumed for the computation, stresses may be pro-
duced greater than any provided for, and these may cause
fallure of some pnrt of the landing &ear or fuselage.

The appreciable difference between the energy-absorp-—
tlion characteristics of the tire and shock absorber shows
that for equal total travel h of the center of gravity,
the amount of enerey absorbed is greater, the greater the
shock—-absorber travel in comparison with that of the tire.

8. In this connection, the fact should be brought out
that, according to the regulations at present in force, it
would not be possible to assign the shock-absorblng func-
tion to the tires mlone, even when restricted to the low-
pressure type, without introducing inadmlissible leandling
loads.

In the case of the tires alone, equation (la) becomes

P v,2
K, S5y n P = — - + a P8
and dividing by P, substituting for V,2/2g, the corre-

spornding height H, and remembering that for the drop
tesat a = 1:

B = —

n K -

Even assuming that tires are avallable that can de-—
flect by an amount Sy = 0,75 H*, by taklng for K; a

value of 0.35, there 1s obtalned

0.75 H = H

from which n = 6.7! Aside from the prescribed regulations,
moreover, 1t is not loglical to expect Z00d results from a
shock absorber that has such a low work characteristic and
which therefore can be employed only for very low vertical
velocltles.

*The minimum value for HE, permitted by the R.I,N.A., is
30 centimeters.
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9. Let us consider a typlcal example of shock abd-
sorber, consisting of a spring without inltlal tension
vhich, on compressing, ‘forces the 01l dontained in- the
chamber A to flow throuzh a constant orifice, and let us
neglect for the moment, consideration of the tire (fig. 8).
Relation (1) in this case may be written:

a
n ;0 + @ P h = /P R d.s

where R, neglecting tﬁe friction, may be expressed dy
the relation

R=c¢y 8+ 01u Voa

In the above formula the first term represents the
work performed by the spring of elastic constant ¢;, the
second is the dlssipative term, u ©Teirng the resistance
coefficient of the liquid flow throuzh the orifice. VWe
assume that R may be considered constant during the er-
tire stroke h and equal to the maximum allowable value
a n P. Since the force 1s constant, the acceleratlon is
also constant, so that the velocity wvarlies linearly from
Vo to zero. We thus have the relatlons:

v=VY,at

a
= V. t - &.%"
8 ° 5 '
. . Vo = V
from which, elirinating the time t = Y , there is

readily obtalned
v8 = V2 -~ 2 a s

The above equation states that +v2 varies linearly with
the deformation s, from the maximum value V,2 to zero.
The variation of +v2 with s 1s indlcated in figure 8.

Since the values of the elastic reaction increase at
the same tlime from O to the final value anP, it is suf-
ficient that
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in order that the resultent R remaln constant during the
stroke. In thls case, therefore, the above-defined coeffl-
clent K5 would come out equal to 1 and the- shock-absorber
stroke given by formula (Zb% would be the minimum, namely,

h'=....__E_._ : (4)
an -

In a manner analogous to this simple case, it may
readlly be seen that dy sultadly varying the slze of the
orifice of the escapling eoll, there may theoretically de
obtained a constant internal force also for other types of
shock absorber, as oleocelastic and oleopneumatlic. Such a
condltion can practically be obtained by making the oll
flow through an annular openinZ determined by & hollow cyl-
inder, in which 1s situated a calibrated rod or piston of
sultebly varylng cross sectlion so that at each instant

b ¥ =anP - r(s)

where f(s) 31e the reaction of the elastic part of the
apparatus. . .

The conditions are entirely different when the tires
are also taken into account. In this case the reaction
of the shock absorber cannot be constant during the entire
duration of the landing because at each lnstant we must
have Ra = a R;, and R,; naturally varlies from zero to
the final load nP. Only in the case in which the load
is above that for which the tire 1s completely compressed
does the shock-absorbing system function as 1f the tire
were absent; hence, for the stroke in which the shock ab-
sorber acts alone, 1t can operate with constant internal
force.

We may point out, in order to complete our observa-
tlons on the operation of the shock absorber, that in the
case in which the latter has an initlal load Rz, during

the first interval of the shock, there occurs only the de-
formation of the tire until the load Rig = Rao/a is
reached, after which the two systems work simultaneously.
In any case, it appears evident that when the shock ab-
"sorber and tire operate together, the coefficlent X can
never attain the value 1, which is possible with the shock
absorber working alone,

10. A fact that should be particularly drought out is
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that the addltion of the tire,.dy producinq variations in
the veloclity ‘in the dissipative term _p V2 may have con-
slderable effect on the behavior of the two acting to-
gether. TFor thls reason, the tests which are usually car-
ried out on the shock absorber alone, should be carried
out inetead on the tire shock-abdsorbing syetem. If the
shock absorber is mounted on the landing g£ear in such a
manner that the force on 1t is equal to that acting on the
wheel (landing gear with forked shock absorber, for exam-
Ple), the tests do not require any particular attention,.
In the case, however, that the value of a 1in the rela-
tlon R; = a By 1s different from 1, it is necessary to

bear in mind the following considerations.
The subscript p will refer to the test conditions.

For the set-up indicated in figure 10, we have for
equilidbrium?
a%sy

Yp T3%F

—Rl+a.P=O

while for the mctual conditions, we have:

a
udS _Rr +aprp=o0

at

Since Ry = Ry/a, we obtain, by keeping the wvalue of Rg
the same in the two cases:

M = B2
a (S" + a g)
Rg
¥p = st + o g iy
from which
" .
MP - N 2 (S" + a-2) {5)
S"p + a g

Moreover, for the actual case, we have: .
§ =8, + a 8 (6)

wﬁile for the test,
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Sp = S3p + Sy (7)

Setting

which can be obtained with sufflclent approximation dy
varying the tire pressure, there is obtalned:

5

—_ =
Sp

With the aid of (5) and (7), we also have:

Equation (5) then becomes:

a Sﬁ, + a g

M
a s"P + a 4

=M

P

In the case where a is sufficiently small to be neglect-
ed, we have:

that 18, the test can be carried out by employing a mass
Mp = a® M. In this case, since the velocity of the test
and the true velocity are connected by the relation

1 = 3
S' = a S P
it 18 necessary to consider for the drop test, instead of
the velocity V,, a velocity V,/a; or, instead of the

drop H, a drop H/a®.

11, From the preceding consideratlons, an avparently
curious fact 1s derived which we shall illustrate by a nu-
merlical example: To fix our ideas, ossume we have an air-
plane of 1,800 kilograms, provided with wheels having tires
8,50 x 10 (640 x 105 mm) inflated to 1.75 kg/cm®, for which
the regulatlons fix a maximum load factor of mn =3 for
a drop of 40 cm. The maximum permissible load on a wheel
is 900 x 3 = 2,700 kg, to which corresponds a static
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deformation of 138 mm and a dynamie deformation of 128  mm,
"and “a ‘cvefflclent- Ky =-0,33. Not considerlng the con-
tribution of the tire, and assuming the shock-absorber
force to be constant, for whiech Kz = 1; and assuming fur-
ther, for simplicity, that the coefficlent a of the land-
ing gear is eqgual to 1 (that is, that there exists the same
load on the wheel as on the shock nbsorber) the Btroke re-
qulred in order not to exceed tha_factor n =3 from equa-
tion (4), in which .a = 1, ' since the effect of the 1lift

1s not considered in the test, 1s '

S = H = 40 =260m'

an -1 3 -1

The shock absorber can therefore dissipate an amount of
work

L =3 x 900 x 20 = 54,000 kg cm

corresponding to the energy due to the drop of 970 kg from
a height of 40 cm, and of the work due to the travel of

20 cm permitted by the shoek-mbsorber stroke, and is
therefore sultable for the required drop test.

We now conslder the tlres also to be taken into ac-
count. Assuming for the moment thant the shock absorber,
even wien working with the tire, stlll operates with the
coefficlent K, = 1, and that 1t 1s permitted to attailn,
ng before, a value of n = 3, the travel of the shock
nbsorver from (2a), in Which o« and a equal 1, is found
to be

S, = 32 =05 (nkK -1) _40 ~ 12.8 (3x0.33 = 1) _ 59 ¢q

nkg - 1 . 3 x1-~-1
that is, practicnlly the same as before.: Since, however,
the value of Kz cannot bhe equal to unity, the stroke of
20 cm, which was sufficliont with the tire not mounted,
becomes insufficlent.  Thls means that the tire, in addi-~-
tlon to impairing the operating conditions of the shock
nbsorver, is not sufficlent to absorb the energy due to
the greater travel it permite the center of gravity of the
airplane. In the case considered, for example, the defor-
mation of 12.8 cm corresponds to an amount of work

L = 900 x 12.8 = 11,520 k& cm
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whlle the energy adbeorbed by the-tire 1ls
L' = K;.nPs = 0.33 x 3 x 900 x 12.8 = 11,480 kg cm

. The 40-centimeter drop test with the addition of the
tire would therefore glve rise to accelerations greater
than those obtainable with the shock absorder alone.

12, On the basls of the. results obtalned in the above
example, it might be concluded that a landlng on wheels
without tires should be more gentle, or at least, less ab-
rupt, for equal vertlcal veloclty, than a landing on
wheels vrovided with tires. ZEvlidently there 1s some fun-
damental divergence between the conditions of the tests
conducted according to present-day procedure and the true
conditions.

As a matter of fact, 1t is the aerodynamic forces,
which are not taken into account in the tesets, that ac-
count for the above dlvergent results. The value of the
coefficient o in formula (2), in other words, 1s not to
be considered equal to 1 as is usually assumed, dbut should
be correctly evaluated and taken into account in carrying
out the testa. Account must thus be taken of the fact
that on landing of a mass m with velocity V,, the
welght 18 not P bdut only a fraction ~ normally small -
of P, and hence that the work which the shock-absorbing
eys?e? must perform 1s that defined by the second member
of (1): .

a
L—m—a-v—q—+a.Ph

and not

n Voo
L, —Erﬂ— + Ph
The difference is not at all negligidle, especially for

long-travel shock absorbers. The value of a may be com=-
puted from the formula

2
@ = - (8)
1+ /B
where B 1is a coefficient defined by Verduszio (reference
4) as the "landing characteristic"

ﬂ:B_v_Q
Yo
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B bveing the 1lift- drag ratio of the ailrplane in the land-
"ing attitude, V4~ “-the minimum -supporting velocity near
the ground, And v, the verticnl velocltyr of descent.

For the.usual values of 'B as appears from figure 1ll, - -
which <ives the plot of equatioh (B), the value of o var-
les from 0.2 to 0.3. )

Congldering in our numerlienl exemple & mean value
a = 0,25, . 1t 18 seon that a travel of 20 cm permlitted Dby
the stroke of the shock absorber, and 12.8 cm .permitted
by the compression of the tire, corresponds effectively to
a total amount of work 0,25 x 900 x 32. 8 = 7,380 kg cm
‘equal to 20.5 percent of ,the klnetlec energy bossessed by
the airnlane in landing. ingstead of

900 x 32.8 = 29,520 kg om o
equal to 82 nercent of the total kinetic energy in a drop
test waere the 1lift 1s not taken into account..

Whon 1t is considered that the work of deformation
of the tire 1a about 11,500 kg cm, 1t will be understood
that the additlon of the tire to the shock absorder im-
proves appreciably the lannding characteristics instead of
impalring them as would occur ir a drop test carrled out
according to the criteris actumlly prevailing.

The method of conducting the drop teost, if the latter
1s to represent eoffectively a possible landing condltion,
must therefore be such that only the weight aP performe
work. There might therefore be used a set-up such as that
shown in flgure 12, or a similar one.

We may ooint out, finally, that instead of the drop
height, 1t would be more sultadle in the regulations to
conslder the equivalent vertical velocity Vo» and in de-
termining the values to be imposed in computing the land-
ing gear, to take account of the elements that influence
thie veloclty, particularly the wing loading, and the pres-
ence of high 1ift devices.

Translation by 8. Reiss,
Natlonal Advisory Committee
for Aeronautics.




18

1,

2,

4,

~"

N.A.C.A. Techrical Memorandum No, 938.
REFERENCES

Panettli, My: Atterramento con ipersostentatorl.
L'Aerotecnica, vol. 15, no. 5, May 1935, p. 483.

Michael, Franz. Theoretische und experimentells
Grundlagen fur die Untersuchung und Entwickelung
von Flugzeueg - Federungen. ILuftfahrtforschung,
vol. 14, no. 8, August 20, 1937, p. 387.

Aviano: Sollecitazionl dinamliche negll organil de-
formabili, del carrello d'atterramento degll
aeroplanl. Convegno 41 Aerotecnica, Milano, 1937,

Verduzio, Rudolfo: 8Sulla determinazione delle car-
atteristiche elastiche del congegno dl atterra-
mento degll meroplani, L'Aerotecnlca, vol. 13,
no. 3, March 1933, p. 163.




N.A.C.A. Technical Memorandum No. 938 ‘ Pigs,1,2,3,4,5,6

—Y-—). | . a8
T g “ .. ,

LIS

VYT ah
\ - 0 . k
\J/\ ( .-y ’l Q
N
’ Y \\\\_\\\\\\\‘;\\\\\\\\\\\‘\\'\\\\‘.\\
A B T
R

Figure 2.

&

R / P
' // 7 {RVS
/

B V'“/BE%(

4 52( r

w

g Figure 3. '
gulr AULLESTRNANNY TZ .___.__...____7_\\\\

Ry, 1 51

Figure #%4.

- R B—T

" B |
; / nF anP

//
ol |
L A
. » 7 51 8o -
TRl Figure 6.



N.A.C.A. Technical Memorandum No. Y38

-----

Figs.7,9,11
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