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(57) Abstract: An aircrait passenger seat including a seat bottom, a seatback pivotably attached to the seat bottom, and an extend -
able and angularly deployable leg rest pivotably attached to the seat bottom, the leg rest including leg rest rails pivotably attached to

the seat bottom, a translating cushion assembly carried on the leg rest rails, a rack and pinion mechanism arranged to drive cushion

assembly translation along the leg rest rails, and a timing link pivotably attached to the seat bottom arranged to actuate the rack and

pinion mechanism n response to angular movement of the leg rest.
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EXTENDABLE LEG REST FOR AIRCRAFT PASSENGER SEAT

TECHNICAL FIELD AND BACKGROUND OF THE IN VENTION

[0001]  The present invention rélates generally to an extendable leg rest for use
with an gircraR passenger seat, and more particularly, to a mechanism configured to extend
the length of a deployable leg rest via a tack und pinion driven by the angular deplayment of
the leg rest.

[0002]  Premium and business class aitoraft passenger seats commonly include
reclining seatbacks and deployable leg rests for achieving comfortable reclined sitting and
horizontal sleeping positions, In fixed-shell aircrall seats in which the seatback reclines to a
~degree relative to a fixed-shell positioned hehind the seathack, the leg rest typtcally deploys
from a vertical position against the front of the seat to an ¢levated position at an angle to the
floor. Tn lie~flat capable seats, the leg rest typically angularly deploys alt the way to
horizontal to form part of the bed. '

[0003]  Im clther scat Lype, it is not only desirable for the leg rest to adjust
angularly, but also to extend lengthwise 10 accommaodate passengers with long legs. While
some leg rests move apart from the seat bottoin as the leg rest deploys angularly, olhers are
configured to extend and retract independent of the angular deployment of the leg rest, In
either configuration, leg rest extension is typically accomplished using a pantograph
mechanism, Pautograph mechanisms are undesirable because of their bulkiness, complexity,
and weight, and must also be carefully designed to avoid pinch points, Pantograph

mechanisms ave alsv nol vasily reconfigurable 1o provide diflerent extension ratios.

[0004]  Therefore, what is needed is a compact leg rest extension design that
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avoids scissor linkages, is easily recontigured to achieve different extension ratios, and
improves the contfort and usability of the leg rest,

BRIEF SUMMARY OF THE INVENTION

000 5] It is therefore an object of the fuvention (o provid;: a leg rest that extends in
length as the leg rest deploys angularly.

[0006] I isanother object of the invention to provide a leg rest .that moves apart
from the seat bottom as the leg rest pivots in the direction of horizontal,

[0007]  Itisa further ohject of the invention to provide 2 ’leg rest having a locking
gas spring arranged to compress upon the force of log rest stowing and extend to assist leg
rest deployment.

[0008]  [tisa further object of the invention to provide leg vest particularly suited
far fixed-shell ajrerall passenger seats wherein the leg rest deploys to an angie to the floor
short of hotizontal.

[0.009] It is a further object of the invention o provide & leg rest configured to
move with the scat bottom from aa upright to a rectined sittlng positions, and including
timing linkage arranged to mave a cushion pottion of the lcg rest apart from the seat bottom
as the leg rest deploys angularly,

[0010] Tt is a further object of the invéntlon to provide a deployable and
extendable leg rest assembly easily adapted to achieve different extension ratios,

(0011]  To achieve the foregoing and othor objecls and advantages, in one
embodiment the present invention provides an aireraft passenger seat including a seat bottom,
a scatback pivotably attached to the seat bottom, and an extendable and angularly deployable

leg rest pivotably attached to the seat boitom. The leg rest includes leg rest rails pivotably

attached fo the seat bottom, a transiating cushion assembly carried on the leg test rails, a tack
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and pinlon mechanism arranged to drive cushion assembly translation along the leg rest rails,
and a titning link pivotably aitached (o the seat bottom artanged (o actuate the rack and pinion
mechanism in response to angular movement of the leg rest.

[0012]  Inanother aspect, the angular deployment of the leg rest causes the timing
ik to actuate the rack and pinion mechanism to drive the cushion assembly away from the
seat bottom to extend a length of the leg rest.

[0013]  Tn another aspect, wherein the tack and pinion mechanism may include an |
outboard toothed rack fixed to the cushion assembly, an inboatd toothed rack slidable along
one of the leg.rwt rails and pivotably attached (o one cnq of the timing link, and a pinion gear
arranged between the outboﬁrd and inboard toothed racks such that rotation of the pinion geatr
moves the outboard and inbuard (uothed racks in opposite directions,

[0014]  In another aspect, the timing link may be pivotably attached atoneend toa
horizontally oriented post positioned on one side ot the inboard toothed rack.

[0015]  In another aspect, the leg rest may inolude a locking gas spring arranged
between the seat bottom and leg rest such that stowing the leg rest compresses the locking gas
spring and deploying the log rest Iengthens the locking gus spring,

[0016]  In another aspect, a pivot attachment point of the leg rest rails to the seat
boitom may be spuaced from a pivol attachment point of the timing fink {o the scat bottor,

[0017]  In another aspect, the cushion asseinbly may include a cushion carried on
top of spaced lrame members and front and rear transyerse beam tubes,

[0018]  Tn another aspect, the aircraft passenger seat may be a fixed-sheli seat
including a fixed shell positioned behind the seatback, and the leg rest deploys angularly
toward horizontal. '

[0019]  According to another embodiment, the present invention provides a fixed-
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shell aircraft passenger seat including an extendable and angularly deployable leg vest, The
seat includes a scat boltom, 2 seatback pivotably attached to the seat bottom, a fixed-shell
positioned behind the seatback, and a leg rest pivd’rably attached to the seat bottom., The leg
rest includes leg tost rails pivotably attached to the seat bottom, a lranslating cushion
assemhly carried on the leg rest rails, a translation mechanism arranged to drive cushion
assembly transiation along the leg rest rails, and a timing link pivotably altached to the seat
bottom arranged to actuate the translation mechanis in response to angular leg rest
movement,

[0020] In another aspect, angular deployment of the leg rest causcs the timing link
to actuate the translation mechanism to dtive the cushion assembly away from the seat bottom
(o oxtend 4 longth of the leg rest,

(00217  In another aspect, the transiation mechanism may be a rack and pinion
mechanism includihg an outboard toothed rack fixed to the cushion assembly, an inboard
toothed rack slidable along one of the leg rest rails and pivotably attached to one end of the
timing link, and a pinion gear arranged between the outboard and inboard toothed racks such
that rolation of the pinion gear moves the outboard and inboard toothed r.ﬂcks in opposite
directions,

[0022]  In another nspect, the leg rest may deploy angularly to an aagle shott of

horizontal,

[0023]  Embodiments of the invention can include one or more or any combination

of the above features and configurations.

[0024]  Additional features, aspects and advantages of the invention will be set torth in
the detatled description which follaws, and inpart will be readily apparent to those skilled in the

art from that description or recognized by practicing the intvention as described herein, It is to be
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understood that both the foregoing general description end the following detailed description
present various embodiments of the invention, and are intended lo provide an everview or
framework for understanding the nature and character of the invention as it is claimed. The

accompanylng drawings are included to provide a further undecstanding of the invention, and are

incorparated in and constitute a part of this specification.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025]  Features, aspects and advantages of the present invention are better

understood when the following detailed description of the invention is read with reference to

the accompanying drawings, in which:

[0026]  FIG. 1 is a side elevation view of a fixed-shell passenger seat including an

extendable ley rest according to an embodiment of the invention;

(00271  FIG, 2 shows the seat of FIC3, 1 with the leg rest in mid-position;

[0028]  FIG. 3 shuws the seat of FIGQ, | with the ley rest fully deployed and
extended; |

10029]  FIG. 4 is a detailed view ot the underside of the seat shown in FiG. 1;

[0030]  TIA. 5 is a detailed vicw of tho underside of the seat shown in FiG, 2;

(00311  FIG. 6 is a detailed view of the underside of the seat shown in FIG. 3;

[0032]  FIG.7 is a perspective view of the underside of the leg rest showing the
raclc and pinion mechanism; and

[0033]  TIG. 8 is a perspeetive view of a second embodinent of a leg rest
extension mechanism including a helt and pulley arrangement,

DETAILED DESCRIPTION OF THE INVENTION

[0034]  The prescnt invention will now be described more fulty hereinafier with

reference to the accompanying drawings in which exemplary embadiments of the invention
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;ti.l’e shown, However, the invention may be embodied in many different forms and should not
be conslrucd as linlited to the representaiive embodiments set forth hierein, The exemplury
embodiments are provided So that this disclosure will be both thorough and complete, and
will fully convey the scope ol the invéution and enablc one of ordinary skill in the art to
make, use and practice the invention. Like reference numbers refer to like elements
throughout the various drawings,

[0035]  Referring to FIGS, 1-7, a first embodiment of an extendable leg rest is
shown generally at reference numeral 20. Leg rest 20 is shown pivotably attached pl'oximéte
the forward end of a seat bottom 22 of an alrcrall passenger seat 24. Scat 24 as shown isa
fixed-shell alrcraft seat including a seatback 26 configured to recline within and relative to a
fixed-shell 27 positioned behind the seatback 26. Scat botlom 22 may be moved to drive
seathack movement between an upright sitting position fm‘taxi,.take'-off and landing (TTOL)
as shown in FIG. 1, and a fully reclined sitting position as shown in FIG. 3, The seat bottom

22 may translatc forward and lower to the floor as the seat 24 adjusts from upright to reclined,

thereby carrying the pivotably attached leg rest 20 along therewith.

[0036]  Tho log rest 20 s plvotably attached at one end to the scat bottom 22 such
that the Jeg rest is configured to pivot between a first position stowed generally vertically

against the front of the seat 24, and a sccond position at an angle to the foor, for example,

about 30-45 degrees as shown in FIG, 3. The leg rest deploys angularly and preferably

steplessly between {ts stowed and tully deployed positions such that the leg rest can be

positioned at any desired angle along its range of motion. The leg rest 20 may deploy

- R i e s il o™ L0 o F L a g ST 2 P g

independent of seat recline or together with the seat recline movement, Whet employed on a
fixed-shell aircralt passcnger seat as shown, leg rest deployment may stop short of achieving

horizontal as a result of the limited seatback tecline and lack of living space dedicated for this
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particular seat. When employed on a lie-flat seat capable such as a seat found in an
mdividual passenger suifc, the leg rest preferably deploys to horizontal to-help forin part of
the bed. The leg rest 20 can be attached to a variety of seat types that may or may not be
cohliguted to recline and may or may not include a movable seat bottom.

[(0037]  Ineither seat configuration, the leg rest 20 is configured to extend in length
as il angularly deploys. In other words, the cushioned portion of the leg rest 20 moyes farther
apart from the seat bottoin 22 the more the leg rest moves an guiarly toward horizontal, This
lengthwise extension enhances comfurl and usabilily of the leg rost, particulucly fbr longer
legged passengers.

10038)  'The leg rest 20 1s an assembly generally Including parallel leg rest rails 28,
or "rails”, thul move (i.e., pivot) together with cach rail pivotably attached at one ond to the
seat botiom 22, 8 cushion assembfy 30 slidably cauj ed on the leg rest rails 28, and a rack and
pinion mechanism 32 arranged to drive the translation of the cushion assembly 30 along the
length of the [eg rest rails 28 as the leg rest 20 deploys argularly, The leg rest may further
include a locktng gas spring 34 arranged to angularly deploy the rails 28,

[0039]  The rack and pinion mechanism 32 includes paralle] arranged inhoard and
outboard toothed sliding rabks 34, 33 meshed on diametrically oppesing sides of a pinion gear
40 to drive the cusb_ién 30 along the rails 28 g3 the leg rest deploys angularly, As best shown
in FIGS. 4-6, spaced timing lin[{s 42 pivotably attached to the seat bottom 22 pivot about a
pivot axis spaced from a pivot axis of the leg rest ralls 28, As the leg rest 20 doploys
angularly, the timing links 42 pull cn the inbosrd set of sliding racks 36 to rotate the pinion
geatrs 40 in one direction, thersby driving the outboatd sliding racks 38 in the opposite

direction of the pulling to move the cushion 30 apart from the seat bottor 22. In other words,

the timing linlcs 42 pull the lnbourd rails 36 toward the seat bottom 22 as the leg rest deploys
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angularly, thereby rotating the pinlon gears 40 to drive the outboard sliding racks 38 in the
opposite direction to drive the cushion 30 away from the scat bottom 22,

[0040]  The outboard sliding racks 38 are fixed to the inboard sides of frame
members 44 on the undsrside of the cushion 30 such that movement of the ouvtboard sliding
racks 38 moves the cushion 30, The cushion {rams further includes spaced fiont and rear
transverse beums 46, 48 acranged to keep the cushion square. 'Lhe inboard sliding racks 36,
oue on each rail 28, slide along the length of their r&qpective rail 28. The timing links 42
plvotably attach to a post 50 carried on the inboard side of each inboard sliding rack 36. The
teeth on the inboard sliding racks 36 face the teeth on the outboard sliding racks 38 and the
two sets of racks are maintained parallel and they slide in opposite directions,

[0041]  Asthe leg rest 20 deploys angularly, the timing links 42 pull on the
inboard sliding racks 36 to retate the pinion gears 40 in one direction (i.e., clockwise) to drive
leg rest cxtension (Le., cushion movemunt in the direction away from the seat bottom 22), As
the leg rest 20 stows angularly, the timing links 42 push on the inboard sliding racks 36 to
rotate the pinion gears 40 in the opposite direction (1.¢., counterclockwise) to retract the leg
rest (i.e., cushion movement in the direction toward the seat bottom 22). Legrest movement
can be considered telescopic in that the cushion overlaps and translates relative {o the
underlying support steucture.

[0042] . The teeth on the respective racks 36, 38 and pinion gears 40 can be
changed to customize the exlension ratio of the cushion te provide for greater or lessot
extension in certain applications. The extension ratio can also be adjusied by changing the
length on the timing links 42 and/or position of thawe respective pivot axis refative 1o the pivot
axis of the rails 28.

{0043]  As best shown In FIGS. 4-6, the locking gas spring 34 is arranged belween

- canmmnm bl mw b v~
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the seat bottom 22 and the rails 28 to drive the angular deplovinent of the leg rest 20,
Specifically, the locking gus spring 34 is attached (o the scat bottom 22 and a transyerse
member 35 inferconnecting the ends of the leg rest rails 28, When the leg rest 20 is stowed as
shown la FIG, 4, \he locking gas spring 34 is compressed and "charged"” (i.e., the piston 13
compressed into the cylinder). When the leg rest 20 is deployed as shown in FIG, 6, the gas
spring 34 is extended, 'The leg rest 20 can be stowed by pushing down on the leg rest in the
direction of the stowed position to charge the gas spring 34, and released by actuating a
release switch,

[0044]  Rack and pinion mochanisms may be provided on one side of the leg rest
20, or on both sides to maintain pérallelness. In an alternative embodiment, the pinion gears
40 may be replaced with a pair of joined pinions of differityg ratios (o achleve greater
extension ratios.

[0045]  Referring to FIG. 8, a sccond embodiment of an extendable log rest is
shown generally at reference numeral 60, This second embodiment employs a belt and pulley
arrangement In place of the rack and pinion mechanism of the first vmboqiment. Specitically,
timing linkage 62 may bhe used to drive a toothed cog beit 64 arranged on vertically oriented
pulleys 66 rotatably cartied on pivoting leg rest rails 68, Asthe 1‘eu'ls.68 ciep]oy angulatly, the

(iming linkage 62 drives belt rotation, thereby driving cushion movement.

[0046]  The foregoing description provides embodiments of the invention by way
of oxamplc only, It is envisioned that other embodimonts may perform similar functions
and/or achieve similar results. Any and all such equivalent embodiments and examples are

within the scope of the present invention and are intended to be covered by the appended

claims.
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What Is olaime;i Is:
1. An ai‘l'craf.’c passcnger seat, comprising:
a seat bottom,;
o seatback pivotably altached to the seat hattom; and
an extendable and angulatly deployable leg rest pivotably attached to the seat bottom,
{be leg rest comprising: .
(i)  legresirails pivotably attached to the seat bottom;
(ii & (ranslating cushion assembly carried on the leg rest rails;
(iii) =& rack and pinion mechanism arranged to drive cushion assembly
translation along the leg rest rails; and
(iv)  a timing link pivolably altached to the sent bottom arranged to achate
the rack and pinion mechanism in respense to angular moveinent of the

log rest,

2. The aircraft passengee seat of clatm 1, wherein angular deployment of the leg rest
causes the timing Jink to actuate the rack and pinion mechanism ta drive the cushion

assembly away from the seat bottom to extend a length of the leg rest.

3, The aircraft passenger seat of claim 1, wherein the rack and pinion mechanism
cCOMpriscs:

an outboard toothed rack fixed to the cushion assembly;

an inboard toothed rack sliduble along one of the leg rest rails and pivotubly altached

to one end of the timing link: and

a pinion gear arranged betwecen the ouwtboard and Inboard toothed racks such that

10
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rotation of the pinton gear moves the outboard and inboard toothed racks in opposile

dircctions.

4, The aircraft passenger seat of claim 3, wherein the timing link is pivotably attached at

- one end to a horizontally oriented post positioned on one side of the inboard toothed rack.

S, The aircrafl passenger seat of claim [, further comprising a locking gas spring
arranged between the scat botlom and leg rest such that stowing the leg rest compresses the

locking gas spring and deploying the leg rest lengthens the locking gas spring.

6, The alreraft passenger scat of claim 1, wherein a pivot attachment point of the lcg rest

rails to the seat bottom is spaced from a pivot attachment point of the timing link to the seat

boltom,

7. The atrerall passenger seal of claim 1, wherein the cushion assembly meludes a

cushion carried on top of spaced frame members and front and rear transverse beam tubes,

8. The aireradt passenger seat of claim I, wherein the aircraft passenger seaf is a fixed-
shell seat including a fixed shell positioned behind the seatback, and the leg rest deploys

anppularly toward hortzontal,

0. A tixed-shell alrerafl passenger scat including an extendable and engularly deployable

leg rest, comprising:

& seat bottom,

11
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a seatback pivolably atfached fo the seat baltoin;
a fixed-shell positioned behind the seatback; and
a leg rest pivotably attached to the seat bottom, comprising:
() leg rest rails pivotably attached to the seat bottom;
(i}  atranslating cushion assembly carried on the leg rest rails;
(in) & translation mechanism arranged Lo drive cushion aésclnblf
translation along the leg rest rails, and
(iv)  atiming link pivotably attached to the seat hottom arranged to actuato

the translation mecbanism v response to angular leg rest movement.

10, The aircrafl passenger seat of claim 9, whotoin angular deployment of the leg rest

causes the timing link to actuate the translation mechanism to drive the cushion assembly

away from (he scat bottom to extend a length of the leg rest.

11.  ‘The aircraft padsenger seat of claim 9, wherein the translation mechanism is a rack
and pinion mechanism, comptising:
an outboard tocthed rack fixed to the cushion assembly;

an inboard toothed rack slidable along one of the leg rest reils and pivotably attached
to one end of the timing link; and

a pinlon gear arranged between the outboard and inboard toothed racks éuch that
rotation of the pinjon geﬁr moves the outboard and inboard toothed racks in opposite

directions,

12, ‘The alecralt passenger seat of claim | |, wherein the timing link is pivotably attached

12
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at one end tc a horizontally oriented post posttioned on one side of the inboard toothed rack.

13, The aircraft passenger seat of claim 9, further comprising a locking gas spring
arranged between the seat bottom and leg test such that stowing the leg rest compresses the

locking gas spring and deploying the leg rest lengthens the lacking gas spring.

14,  The aircraft passenger seat of claim 9, wherein a pivot attachment point of the leg rest
rails to the seat bottom is spuced [rom a pivol altachment point of the timing link to the scat

bottom.

15.  The aircralt passenger seat of cleim 9, wherein the cushion assembly includes a

ctishion carried on top of spaced trame members and front and rear transverse beam tubes.
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