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. 3 295,798
LANDING GEAR

James E, Webb, Administrator of the National Aero-

mautics smd Space Administyation with respeet to an

fnvention of Russell L. Hopping, William R. Forlifer,

and Rebert P. Gaston, .

Fﬂed Nov. 10, 1964, Ser. No, 419,331
5 Claims, (\CI. 244--160)

This invention relates geqerally fo landing gear and
mere particularly to landing gear for brm,,mg a flight
vehicle to a satisfactory J2nding on rough terrain.

Current and futore space aqd agronautical projects in-
volve the Janding of flight vehicles on unprepared terrain.
‘When such landings are made, ranways will not be avail-
able to permit a Hight vehicle 1o roll 10 a gradual, safe
stop on conventional wheeled landing gears. Nor can
it be taken for granted that level surfaces will be awvail-
able on which to 1and vertically descending flight vehicles,
Manned space flights to the moon may require the land-
ing of vertically descending flight vehicles on irregular
surfaces. The same apph°s for landings which may be
made on other stations in space as well as landings which
may occur at unprepared earth locations.

It is essentigl, therefore, that manned vehicles landing
on surfaces of unknown and unprepared character be
aquxpped with a landing gear system which is capable of
effecting a proper landing on-a variety ‘of surfaces rang-
ing frem smooth to rouzh Not. only must the Janding
be entirely safe for the vehicle occupants, but the vehicle
must not be damaged or its take-off ability impaired.
Futhermore, it is highly desirable that the vehicle main-
tain a virtnally level or vertical attitude during and after
completion of the Janding.’

Prior landing gear systems provide means for absorb-
ing energy and easing shock doring the process of land-
ing a vertically descending flight’ vchzcle These prior
systems, however, begin 1o absorb the main Ianding thrust
immediately vpon making contact with the landing sur-
face, and, vnless contact by all landing peints is approxi-
mately simultaneous, an overiurning force is transferred
to the fiight vehicle. Naturally, such overturning forces
are undesirable since they will produce at minimum a
rough and jarring ldnding and at maximim a disastrous
capsizing of the flight vehicle. -

Thus it is seen that if the landing surface is not level,
simultaneous contaf:t by all contact points of a multi-
point landing gear system cannot be relied on to avaid
overturning forces. If the landing surface is sloping,
for example, and the flight vehicle descends vertically
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the first point or points of contact the surface will trans- -

fer the impact force to the flight vehicle, urging it to rel
over in a downbill direction. Even if the impact force
were a2bsorbed sufficiently to aveid overturning, the flight

- vehicle would not come to rest in a level posmre, as

desired.

Accordingly, it is a general object of this irvention 1o
provide a landing gear for a flight vehicle which will
permit the vehicle to make a sadsiaciory landmg on
either a smooth or rough sur face. -

More specn‘ica]iy,_xt is ag object of the invention to
provide a landing gear systermn for vertically descending
fight vehicles wiich will bring a vehicle to a gradual
siGp. while ayoiding the irawsfer of overturning forces
10 the vehicle even th@ugh the landing oceurs on a-sloping
surface, |

A forther object is to provide a kndm gear system for
a vemca}ly descending flight vehicle which maintains the
vehiele in a fevel zttitude during and aﬁe a._l:mdmg made
on either a smooth or rough surface,

b5

60

5

70

2:

Other objects, uses and advantages of the present in-
vention will become appasent as the description proceeds.

The invention comprises a plurality of energy-absorb-
ing lznding struts carried by a flight vehicle which are
adapted to extend from the vehicle during a vertically
descending landing thercof to make initial contact with
the landing surface. Preferably, the struts are arranged
in diametrically opposed pairs with all struts being spaced
an equal distance from the vertical axis of the wehicle.
Each strut when extended for a landing is free to shd-
ably retract upon contacting the landing surface.

An electrical switch associated with each strut is im- -

mediately closed when the strut contacts the landing sur-
face. This switch, when closed under a certain condi-
tion explained below, actuates a locking means for the
strut which will lock the strut either in its extended
position .or at any instant during retracting movement.
The switches for each pair of opposed ctruts are series
connected in an electrical circuit so that the locking means
for any given strut will not be actuated until its diametri-
cally opposed strut has contacted the landing surface thus
creating a condition wherein both series connected
switches are closed thereby permiiting current to flow
in the circuit and simultaneously actuate the locking means
for both struts.

This system assures that the landing forces transferred
from the landing struts to the flight vehicle are always
balanced symmetrically with respect to the vertical axis
of the vehicle. Therefore, the vehicle is not subjected
to overturaing moments even though the landing surface
is unlevel. Levelmg devices are mcorporated in each
strut for correcting any minor deviation froim a level
vehicle attitude after the vehitle has come to rest.

FIGURE 1 is an elevational view of a vertically de-
scending flight vehicle landing on a sloping surface, ini-
tial contact having been made by a landing gear strut.

FIGURE 2 is a plan view of FIGURE 1.

FIGURE 3 is a fragmentary cross-sectional view show-
ing a landing strut in its ipitial retracied position secured
to the exterior surface of the flight vehicle.

FIGURE 4 is a broken cross-séctional viesw showing:

the landing strut extended before contacting the landmg
surface.

FIGURE 5 is a broken cross-sectional view showmg the
landing strut in a locked and partially retracted position
after. contacbng the landing surface.

FIGURE 6 is a broken cross-sectional view showing
the landing strat in its final refracted position after the
flight vehicle h& come to a controlled stop affer touch-
down.

FIGURE 7 is an enlarged cross-sectional view taken
along line 77 of FIGURE 3.

FIGURE 8 is a cross—secuonai view taken along line

88 of FIGURE 6.

FIGURE 9 i< an electrical circuit d;aamm illustranng
an electrical arrangement of switches and solenoids which
control the locking of the landing struts..

Re.ferrmg now to FIGURES 1 and 2, a flight vehicle
11 is provided with a landing gear system comprising a
plurality of landing struis 13. These landing struts are
secured " in ‘equally spaced relationship around the .ﬂ!gnt
vehicle 11 near the lower end thereof.

When landing, the flight vehicle 11 descends prin-
cipally in a vertical direction, Before contact is made

with the landing surface all of the landing struts 13 are

extended for making initial contact with the landing sur-
face 2nd bringing the vehicle to a controlled stop in 2
neary level attitnde, -

Referring o FIGURES 3 thmagh 6 and B, each of

the landing steuts 13 comprises a support housing 15 hav-

ing a diverging, substantially hollow base 16 (FIGURE

Patented Jan. 3, 1967
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8') which is mounied on the e,x"cr‘:or surféce of the flight

vehicle 11, A xyimder 57 is shdably disposed within
the hcmsma 15 and carries a toothed rack 19 which slides
within a groove 21 formed in the housing. The trailing
end of the cylinder 17 is closed by a plnv 23 which has
a socket 25 therein for reccmrg a spring 27. A cap 29
fits over the end of the spring 27 and zompresses ngainst

a retammg ring 31. Within the cylinder 17 a piston

33 is telescopically arranged and, normally, the grester
portion of its length extends beyond the lesding ead of
the cylinder 17, The disial or free end of the pistcn 33
is provided with a plug 35 having an aperure 3% through
the center thereof. A foot 37 comprises a tubilar ex-
tension 39 which slips over the end of the piston 33 and
the plug 35. " The foot 37 has an enlarged fiaring portion
41 which provides a convex surfaue for mating initiay
contact with the landing sufiace.

A crushable energy-absorbing material 45, such 2s
metallic honeycomb, is proviged. within the foot 37 and
bears on the plug 35. Apertores 47 and 49 formed in
the center of the foot 37 and crushabic material 45, re-
spectively, are in alignment with each other and with
the aperture 3§ in the pleg 35, A plunger 51 extends
throngh each of these apertures. The plunger 51 also
extends through and actuates a pressure switch 53 which
is mounted on the inside of the plug 35 in alignment with
the aperfiire 36. The switches 33 in the sevaral struts are
electrically interconnected through wires 54 in a circuit
described bhereinafter..

The end of the piston 33 within the cylindér 17 is
provided with an end cap 57. Between this end of the
piston 33 and the plug 23, the cylinder 17 contains an
energy absorber which may be in the form of a crushable
material 61 such as metallic honeycomb.
hydraufic or combinafion energy absorber also may be
used, particularly whére a reusable strut is required.
The end of the crushable material 61 adjacent the end
‘cap 57 is tapered inwardly at 62 so as to provide a
proper onset rate of -development of the crushing load
{decelerating force) when the piston 33 slides within
the cylinder 17, as explained, hereinafter, To prevent
the piston 33 from sliding out of the cylinder 17 the por-
tion of the pastcn within the cylinder has an enlarged diam-
eter forming a shoulder 63 which bears on a retainer
ring 64 screwed info the end of the cylinder.

A ppeumatic,

4

pawl 76 has a hafurcated end 79 whlch receives the end
of the pawl 77 in a pivot connection effected by a pin
80, A compressed spring 81 is secured, as by welding,
if desired, between the ends of the pawls opposite the

pin 80 thereby urging the ends eutwardly against the sides .

-of the groove 21. When the strut exiends z proper
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A holiow support fai_ring 65 is mount=d on the flicht

vehicle 11.in the sliding path of the cylinder 17. When
the strut 13 is fully retracted, as in FIGURE 3, the plug
23 at the trailing end of 1he cylinder 17 abuts fittingly
against the support fairing 65. The support fairing 65
has a slanting configuration $7 which coincides with a
slanting configuration 69 of the plug 23 {c provide a
continuons tapered surface from the cylinder 17 to the
surface of the flight vehicle 11. Integral with the hous-
ing 15 is a channel-shaped element 7¢ forming 2n ex-
tension of the groove 21 from the beesing 15 to the sup-

" port fairing 65.

Meunted on the support fairing 65 in axial alignment
with the spring socket 25 is a tapered stud 7L. When
the strut 13 is fully retracted, as shown in FIGURE 3, the
stud 71 pfnyz :ts into the spring socket 25 resulting in
a compression of the spring 27.

The strut 13 js Jocked in its retracted position by a
pin 73 which moves in and out of a socket 75 in the
trailing end of the toothed rack 19. The pie 75 may
be electrically actuated as by a solepoid 74 mounted
inside the flight vehicie. Withdrawal of the pin 73 from

50

80

65

the socket 75 releases the strot 13 for extension under

force prcvidei{.'ey ihe compressed spring 27 =2qd/or

gravity: - .
Extension of the strut 13 is Hmited by spring-loadéd

stop pawlg 76 and 77 (sec FIGURE 7) which are mounted

in a slot 78 extending transversely throngh the toothed

rack 19 near the trailing end of the cyhinder 17. The

70
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predcsezmmcd distance the spring-loaded pawls 76 and
77 expand into recesses 82 Jocated on opposed sides of the
groove 21. This stops extension of the cylinder 17, leav-
ing it free to retract, however, sisce the pawls 76 and
’77 will be cammed out of the recesses 82 upon retract-
ing movement of the cylinder.

An enclosure 83 is provided inside of the flight ve-
hicle 11 in alignment with the cylinder 17. The ¢nclo-
sure comprises a panel 87 having integral ribs 89 which
abut the inside of the flight vehicle skin panel. Side
walls ‘91 and an end box rib 93 are arranged around
the panel 87.

Within the enclosure 83 s a locking pawl 95 pivotally
connecied to a piv 87 which extends transversely of the
enclosure 83. In its locking position the locking pawl
95 engages the toothed rack 19 through a slot 99 extend-
ing through the bottom of the groove 21 and the exterior
skin panel of the flisht vehicle. The pawl is biased
toward its locking position by a plonger 101 which is
urged outwardly by a spring 103 contaiped within a cyl-
inder 105. The locking and unlocking function of the
pawl 95 is controiled by an electncally operated deviee
107 such as a solenoid or an electrical exploding device
which when energized releases a connpection 109 be-
tween the device 107 and an extension 111 of the pawl
$5. The connection 169 holds tte pawl 95 in its unlock-
ing position and when it is released the pawl is urged
into its locking position by the spring-nrged pluinger 101,
Electrical connections to the device 147 are made through
an aperture 113 formed in the enclosure panel 87,

It is understood that the locking pawl 95 is msed to
stop retraction of the cylinder 17 at the desired position
within the support housing 15. However, when the re-

raction of the cylinder 17 is prevented by the locking - -

pawl 95, the cylinder can still be extended without dis-
engaging the pawl from the toothed rack 19 if suﬁiment
extending force is applied to the cylinder to cause the
slanting surfaces of the toothed rack to slide over the
pawl against the bias of the spring 103. This extending
force for postlanding precise leveling of the vehicle may
be furnished by a jack 115 mounted within the enclosure
83. The jack 115 may be electrically operated and com-
prises a pivotally mounted pawl 117 for engaging the
toothed rack 19. Engagement of the pawl 117 may be
effected by a spring-loaded plunger 119 which is elec-
trically released after the landing operation and emergy
absorption cycle is complete. Any sglected landing strot
13 may be extended for vehicle leveling by an electrical
linear motor 121 which drives the engaged jack 115 back
and forth on track rods 123 through a rack 1235, Elec-
trical conmections to ithe motor 121 are rade through an
opening 126 in the paael 87. The stroke of jack 115 is

“sufficiént to drive lhc toothed rack 19 past locking pawl

95 a distance of one tooth leagth such that paw! 95 locks
the rack on a sucessive tooth for each stroke of the 3ack
115. Thus, the crew members may accomplish precisa
vehicle leveling by selectively extendinz any Janding
strut or struts (13) by a distabce of ope Iicking rack
tooth 1ength at a time. :

. The circuit of FIGURE 9 has a power sourca 127 for
a circuit containing four branches connected in parallel.
Each branch isicludes the switch 53 and the solenoid 107
for each of two diametricaily opposed strots 13, Since

the switches and so!enomk from the opposite struts are”
series comnected in cone branch of the circnit, both
switches 53 must close before cumrent fows in the branch o

to encrgize the solenoids 107 and permit the Io.,kmg
pawis 10 engage the togthed tack 19.

o bt
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Operation of the invgntive landing gear system is a%
fol‘ows’
When the flight vehicle 11 is in flight thc strots 13
are stowed in the reiracted position shown in FIGURE

3, being held by locking pins 73. Prior to landing, the 5‘

locking pms 73 are electrically withdrawn from their
locking position, releasing the cylinder 17 for extension '

- under force of the springs 27. When the cyimders 17
have extended a proper predetermmed distance, exien-
sion is stopped by the extension stop p&wis 76 and 77. 10
The cylinders aré then free to slide back into the housing
15.

The flight vehicle 11 descands substamially vertically
and initial contact with the landing surfzce is fmade by
one or more of the foot members 37, the mimber de- 14
pending on how level the landing surface happens to be.

Assuming a iandlrg surface stope of about 15 degrees,
such as illustrated in FIGURE 1, only ong or two foot
members 37 will mmal!y contact the landing surface.
The kinetic energy of the particular strut or struts making 20
contact is absorbed ‘1y the foot 37 of each strut yieldably
sliding up on the piston 33 and crushing the crushable
material 45 thereby sliminating rebound of the foot from
the contacting surface. The plunger 51 slides upwardly
with the foot thereby closing &
The cylinder 17 of each cont:cting strut will then slide
freely within its housing 15 until its diametrically op-
posed strut cortacts the landing surfave similarly closing
its switch 53. The electrical devices 107, which release
the locking pawls 95 of diametrically opposed struts, and 30
the pressure switches 53 of diameirically opposed struts
are serties connected {see FIGURE 9) and the circuoit
closes only when both struts of an opposed pair have
contacted the landing surface. Therefore, the slidingup-
ward of any strut making contact will not be stopped 35
by its locking pawl 95 until ifs diametrically opposec
strut has also made contact, Both struts are then locked
simultaneously by the pawls 95,

At the time the cylinders 17 of diametrically epposed
struts, which have contacted the landing surface, are re- 40
straired irom sliding up further in their housings 15 the
flight vehicle still bas some vertical velocity. To bring
the flight vehicle to rest in a controlled manner after
Jocking of the pawls 95 the pistons 33 slide upwardly
within the cylinders 17 thereby crushing the energy-ab- 45
sorbing material 61. The maximum vertical force ime
posed on the flight vehicle 11 is predetermined. by the.
selection of the Czasity and cross-sectional area of the
crushable material 61. The crushable material prefer-
ably has a relatively constant load versus stroke charac- 50
teristic such as obtained from metallic honeycomb.

Since the crushing of the energv-absorbmg material
61 can only occur simultaneously in diametricaliy op-
posed struts, the vertical loads applied to the flight ve-

hicle are always balanced and cannot cause any overturn- 55

ing moments. Therefore, the flight vehicle remains in a
substantially level or vertical aititude throughout the
" landing process.

After the landing is completed, minor deviations of the
flight vehicle from 2 levzl aititide may be eorrected by 60
use of the jacks 115 provided for extending any of the
stritts 13, as desired.
 While the simultaneous locking of diametrically op-

posed struts in the number of two has been described, it
is understood that the invention contemplates that the 3
simultaneous locking and cruching of the ewergy absorber
may otcur only after a number of struis greater than
two have contacted the landing surface. For example,
where a'tripodal landing pear system involved only three .
- strots, the strois would be locksd simuitancously only
after 21l three had contacted the landing surface. .

Obviously, many modifications and variations of the
present inveition are possible in the light of the above
teachings. It is, theérefore, to be nnderstood that within 75

iie pressure switch 53. 23

8-
the scone of the appended claims the invention may be
pracnn,d other -than as spacmcauy d'-scrxbed
Waat is claimed is:
1. An energy-absorbing device mmpnsmg
1a) a support housiog audplw for mountmg on a va-
hicle; -
(b) a tubular cylinder slxdabiy das;:esed in said support
housing for extending and retracting, motion;

(c) a pision ielescopically received in said cylinder.

with one end of said piston being within said cylin-
der and the other end of said pision projecting from
ope end of said cylinder;

{d) a yle‘dablc foot portion carried by said othzr end
of said piston; :

{(e) a crushable energy-zbsorbing material disposed
within said foot portion and within said cylinder;

(f) said crushable material within said cylinder being
contiguous with said one end of said piston whereby
retractive sliding of said piston within said cylinder
will result in a crushing of some of said material;

_(g) a switch associated with -said foot portion respon-
‘sive to pressure contact of said fool portion with a
surface;

(h) means responsive to said switch for Iocking said
cylinder against retractive sliding within said support
housing.

2. The anergy«absorhmv device as defined in claim 1

including means for slidably extending said cylinder sub-

sequent 1o Jocking thereof against retractive sliding within

said support housing.
3, The energy-absorbing device as defined in.claim 1
wherein said locking means includes a toothed rack car-
ried by said cylinder and a pawl pivotally mounted adja-
cent said rack for engagement therewith. o

4. A flight vehicle landing gear syslem comprising:

{a) a plurality of landing struts ¢arried by the botom

portion of said vehicle;

(b) said struts being arranged in pairs with the struts
of each pair bemgvdtametrica}iy opzosed;

(c) each of said struts comprising a support housing
having a tubular cylinder slidably disposed therein
for extending and vetracting motion below said ve.
hicle;

{d) said cylinder of each of said strits baving a piston
telascopzcally received therein with one end of said

" piston being within said cylinder and the other end of

said ‘piston projecting from the lower end of said

eylinder;

{e) said piston projecting from each of said cylinders:
having a yieldable foot portion carried by said other
gnd thereof adapted for cobntagting a landing sur-

ace;

() a crushable enervy-absorbmg material disposed

_ within each of said fobt portions and Wathm each.of

said eylinders;

{g) said crushable material within each of said cylin-
ders peing contiguohs with said one end of the piston
of said cylinder whereby retraction of said piston
within the cylinder will result in a crushing of some

. of sdid material;
(h) a switch associated with each of said foot portiens
. responsive to pressure contact of said foot pmmn'
with a landing surface;.

£i) said switches assoriated with each pair of said

daamsmcaﬂy opposed struts being eiectnca}}y con-

nected in series with the series connection for each .
pair of swiiches being exclusive of the series con-

nection of other pairs of switches;

(i) means respopsive to said switches for simultape-
ously fecking said cvlinders of either of said pairs of
struts zgainst retractive shdmg within said support
LOBANgS.

5. An cncray-abscrbmg device oompnsmg. .

(agl:; SuUppOrt: hous :ng adaried for mounting on a ve-
Cles
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(b) a tabular cylinder slidably disposed in saxd snpport
housing for extending and retractmg moetion;

{c) a piston ze!cscmzczv}iy received in sajd cylinder
‘with one end »f said piston being within said cyiinder
and the other end of said piston projecting from one
¢nd of said cylinder;

- {d) a yieldable foot pamon carned by said other end

of sald piston;

(e) a crushable energy—absorbmo material disposed
within said foot portion and within said cylinder;

(f) means for selectively locking said cylinder against

. rtetractive sliding within said support housing;.

{g) said crushable material within said cylindef being
contiguous with said one end of said pision whereby
refraction of said piston within said cylinder after

&

10

8

lécking of suid cylinder against retractive sliding will '
result in a crushing. of some of said material thus

providing a post-locking -energy absorption,
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