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VEHICLE SEAT WITH SIMULTANEOUS
ARTICULATION OF SEAT PAN AND SEAT BACK

Cross Reference to Previously-Filed Application

This patent application claims priority to United States Provisional Patent Application

Serial No. 61/809,491, filed April 8, 2013.

Technical Field and Background of the Invention

The present invention relates to a vehicle seat, such as an aircraft passenger seat, that has
improved motion intended to provide greater passenger comfort. In premium class seating areas
seats often have “lie flat” or “near lie flat” characteristics that allow passengers to move from a
full upright taxi, takeoff and landing (“TTOL”) position to a prone position suitable for resting or
sleeping, with intermediate positions between these two extremes. As prior art seats move from
a full upright position, the rear end of the seat pan tilts downwardly and the front of the seat pan
rises, and along with it, the fixed leg rest, raising the passenger’s feet off of the aircraft deck.

It is known that passengers seldom want the seat bottom to move to a more angled
position without the seat back also reclining, and prior art seats also raise the feet to maintain the
same relative body angle as the seat back reclines.

Therefore, there is a need for a passenger seat that provides a more comfortable and
space-efficient seat. Newer aircraft seats in premium seating areas of the cabin must have more
amenities and features and must be more adjustable, including seat pan angle and substantially-
flat reclining functionality, thereby providing a passenger with additional in-flight comfort.
While an aircraft operator may want to provide its passengers with amenities such as adjustable

seats, prior art aircraft seats with moveable seat back and seat pan presented aircraft operators
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with a challenge of simultaneously angling the seat pan and seat back, and combining the recline

function into a more comfortable motion.

Summary of the Invention

Therefore, it is an object of the invention to provide a vehicle seat that méintains a
comfortable angle between the seat back and seat bottom during an initial recline motion while
simultaneously maintaining the leg rest in a position allowing the feet to remain on a support
surface such as an aircraft deck.

It is a further object of the invention to provide an aircraft passenger seat that provides
seat pan articulation so that the seat back and seat pan rotate simultaneously around a forward
pivot. This motion does not raise the passenger’s feet off the floor and enhances seat adjustment
and passenger comfort.

It is a further object of the invention to provide an aircraft passenger seat that provides
seat pan articulation so that the seat back and seat pan rotate simultaneously around a forward
pivot during a subsequent recline motion that permits the passenger to further recline as the feet
and legs are elevated.

These and other objects and advantages of the present invention are achieved by
providing a vehicle seat that includes a seat carriage assembly for being mounted on a supporting
deck for fore and aft movement on the deck, a seat pan assembly mounted on the seat carriage
assembly for fore and aft movement relative to the seat carriage assembly, and a seat back
assembly mounted on the seat carriage assembly aft of the seat pan assembly and adapted for
simultaneous motion with the seat pan assembly. A leg rest assembly is mounted on the seat

carriage assembly forward of the seat pan, and the seat carriage assembly includes a linkage
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assembly interconnecting the seat pan assembly, seat back assembly and leg rest assembly. As
the seat carriage assembly is moved aft relative to the deck on which the seat is mounted, the seat
pan assembly and the seat back assembly simultaneously adjust to maintain a predetermined
seating position during an initial recline motion with the leg rest assembly remaining in a
retracted position below the seat pan assembly. The leg rest assembly progressively elevates into
a leg-supporting position during a subsequent recline motion as the back rest assembly and seat
pan assembly progressively recline towards a lie-flat configuration.

According to another embodiment of the invention, the initial position of the aircraft
passenger seat is a TTOL configuration, with a forward surface of the seat back assembly
positioned at an approximate right angle to an upper surface of the seat pan assembly.

According to another embodiment of the invention, a head rest assembly is positioned on
a top end of the seat back assembly, a forward surface of the head rest assembly is anatomically
aligned with a forward surface of the seat back assembly, and a forward surface of the leg rest
assembly is at an approximate right angle to the upper surface of the seat pan assembly and the
deck.

According to another embodiment of the invention, during the initial recline motion the
seat back assembly is tilted aft and a forward edge of the seat pan assembly tilts upward to
maintain an approximate right angle position between the forward surface of the seat back
assembly and the upper surface of the seat pan assembly.

According to another embodiment of the invention, the seat pan assembly includes a seat
pan, a seat pan frame, a forward seat pan pivot arm and an aft seat pan pivot arm interconnecting
an upper seat support frame and a fore and aft translatable slide rail assembly.

According to another embodiment of the invention, the seat includes a seat pan carried on
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a seat pan frame, a forward seat pan pivot arm and an aft pivot arm interconnecting an upper seat
support frame and a fore and aft translatable slide rail assembly forming to form a four-bar
linkage that interacts to permit the desired motion of the seat pan assembly, seat back assembly,
and leg rest assembly.

According to another embodiment of the invention, the movement of the seat is powered
by a linear hydraulic locking device that is connected to the seat back assembly by a crank link
and to the seat pan assembly by attachment to the upper seat support frame through an upper seat
support frame link.

According to another embodiment of the invention, the hydraulic locking device
comprises a piston and cylinder assembly.

According to another embodiment of the invention, the seat carriage assembly is mounted
for movement on a translatable slide rail assembly powered by a slide rail piston and cylinder
assembly.

According to another embodiment of the invention, an aircraft passenger seat is provided,
and includes a seat carriage assembly for being mounted on a supporting deck for fore and aft
movement on the deck, a seat pan assembly mounted on the seat carriage assembly for fore and
aft movement relative to the seat carriage assembly and a seat back assembly mounted on the
seat carriage assembly aft of the seat pan assembly and adapted for simultaneous motion with the
seat pan assembly wherein an initial position of the aircraft passenger seat is a TTOL
configuration, with a forward surface of the seat back assembly positioned at an approximate
right angle to an upper surface of the seat pan assembly. A leg rest asserhbly is mounted on the
seat carriage assembly forward of the seat pan. The seat carriage assembly includes a linkage

assembly interconnecting the seat pan assembly, seat back assémbly and leg rest assembly
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whereby, as the seat carriage assembly is moved aft relative to the deck on which the seat is
mounted, the seat pan assembly and the seat back assembly simultaneously adjust to maintain a
predetermined seating position during an initial recline motion with the leg rest assembly
remaining in a retracted position below the seat pan assembly wherein during the initial recline
motion the seat back assembly is tilted aft and a forward edge of the seat pan assembly tilts
upward to maintain an approximate right angle position between the forward surface of the seat
back assembly and the upper surface of the seat pan assembly. The leg rest assembly
progressively elevates into a leg-supporting position during a subsequent recline motion as the
back rest assembly and seat pan assembly progressively recline towards a lie-flat configuration.
According to another embodiment of the invention, an aircraft passenger seat is provided
that includes a seat carriage assembly for being mounted on a supporting deck for fore and aft
movement on the deck and a seat pan assembly mounted on the seat carriage assembly for fore
and aft movement relative to the seat carriage assembly. The seat pan assembly includes a seat
pan, a seat pan frame, a forward seat pan pivot arm and an aft seat pan pivot arm interconnecting
an upper seat support frame and a fore and aft translatable slide rail assembly. A seat back
assembly is mounted on the seat carriage assembly aft of the seat pan assembly and adapted for
simultaneous motion with the seat pan assembly. The initial position of the aircraft passenger
seat is a TTOL configuration, with a forward surface of the seat back assembly positioned at an
approximate right angle to an upper surface of the seat pan assembly. A leg rest assembly is
mounted on the seat carriage assembly forward of the seat pan, and the seat carriage assembly
includes a linkage assembly interconnecting the seat pan assembly, seat back assembly and leg
rest assembly. As the seat carriage assembly is moved aft relative to the deck on which the seat

is mounted, the seat pan assembly and the seat back assembly simultaneously adjust to maintain
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a predetermined seating position during an initial recline motion with the leg rest assembly
remaining in a retracted position below the seat pan assembly wherein during the initial recline
motion the seat back assembly is tilted aft and a forward edge of the seat pan assembly tilts
upward to maintain an approximate right angle position between the forward surface of the seat
back assembly and the upper surface of the seat pan assembly. The leg rest assembly
progressively elevates into a leg-supporting position during a subsequent recline motion as the

back rest assembly and seat pan assembly progressively recline towards a lie-flat configuration.

Brief Description of the Drawing Figures

The present invention is best understood when the following detailed description of the
invention is read with reference to the accompanying drawings, in which:

Figure 1 is a perspective view of an aircraft passenger seat frame according to an
embodiment of the invention in the full upright TTOL position;

Figure 2 is a perspective view of an aircraft passenger seat frame according to an
embodiment of the invention in an initial recline position;

Figure 3 is a perspective view of an aircraft passenger seat frame according to an
embodiment of the invention in a further recline position with a raised leg rest;

Figure 4 is a perspective view of an aircraft passenger seat frame according to an
embodiment of the invention in a further reclined position;

Figures 5-8 are side elevation wire frame views of an aircraft passenger seat frame
according to an embodiment of the invention in upright, initial recline position, further recline

position and lie flat positions, respectively.
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Detailed Description of the Preferred Embodiment

Referring now specifically to the drawings, assembled structural elements of a vehicle
seat 10 are illustrated. As shown in Figures 1-4, the major structural elements are a seat pan
assembly 12, seat back assembly 14, head rest assembly 16, leg rest assembly 18, and a carriage
assembly 20 on which the other major structural elements are mounted. The carriage assembly
20 is adapted to be fixed to a supporting surface such as an aircraft deck for fore and aft
movement, as with transversely-extending frame tubes 19. Extraneous elements such as arm
rests and the like are also shown. The illustrated embodiment is of an aircraft passenger seat, but
the invention has application to other types of vehicle seating.

Figures 1-4 broadly illustrate the novel movement sequence as applied to the particular
illustrated seat 10. As shown in Figure 1, the initial position of the aircraft passenger seat 10 is a
TTOL configuration, with the forward surface of the seat back assembly 14 at an approximate 90
degree angle to the upper surface of the seat pan assembly 12. The forward surface of the head
rest assembly 16 is anatomically aligned with the forward surface of the seat back assembly 14
and the forward surface of the leg rest assembly 18 is at an approximate right angle to the upper
surface of the seat pan assembly 12 and perpendicular to the horizontal pallet on which it is
positioned. The seating position dictated by this position is designed to provide comfort when
the passenger desires an upright seated position as well as the safety requirements of TTOL
.events.

As shown in Figure 2, seat 10 can be moved to a slightly reclined position in which the
seat back assembly 14 is tilted back and forward edge of the seat pan 12 tilts upward slightly in
order to maintain a comfortable sitting position. Note, however, that the leg rest assembly 18

remains in its upright position perpendicular to the floor. This feature has not previously been
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used in seating of this type, and the feature results from the observation that when passengers are
only slightly reclined they prefer to have their feet still resting on the floor. Thus, the angle
between the seat pan assembly 12 and the leg rest assembly 18 is now at an acute angle.

Referring now to Figure 3, as the seat 10 continues its recline motion, the seat back
assembly 14 tilts further back, and simultaneously the forward edge of the seat pan assembly 12
tilts progressively further upward and the leg rest assembly 18 begins to pivot upward around a
pivot point just forward of the front edge of the seat pan 12. The angle between the seat back
assembly 14 and the seat pan assembly 12 opens into an obtuse angle and the angle between the
seat pan assembly 12 and the leg rest assembly begin to straighten. As is shown in Figure 4, this
progressive and simultaneous recline process continues. Note the relationship between the seat
pan assembly 12 and the leg rest assembly 18. As shown in Figure 8, in its final lie flat position,
the leg rest assembly 18, the seat pan assembly 12 and the seat back assembly 14 have moved
into a planar position in relation to each other.

Referring now to Figures 5-8, wire frame side elevations of the seat 10 are shown in
sequence, and by observing the seat assembly positions sequentially from Figure 5 to 8 and from
Figure 8 to 5, an accurate representation of the recline and return to TTOL positions can be
observed. The same assemblies shown in Figures 1-4 are shown in Figures 5-8 at the same broad
reference numerals.

As shown in Figure 5, the seat pan assembly 12 includes a seat pan 12A and a seat pan
frame 30. A forward seat pan pivot arm 32 and an aft pivot arm 34 interconnect an upper seat
support frame 36 and a fore and aft translatable slide rail assembly 38. These components form a
four-bar linkage that interacts to permit the desired motion of the seat pan assembly 12, seat back

assembly 14 and leg rest assembly 16.
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A carriage 40 is mounted to the upper seat support frame 36 and, as shown in Figure 6,
changes the angle of the back rest assembly 14 and the seat pan assembly 12 simultaneously in
accordance with the invention. The leg rest assembly 18 remains stationary during an initial
phase of the recline motion, and is rotated upwardly during a subsequent phase of this motion.
Compare Figures 5 and 6 with Figures 7 and 8. |
| The seat 10 is powered by a linear hydraulic locking device such as a Hydrolok brand
piston and cylinder assembly 41 that is connected to the seat back assembly 14 by a crank link 42
and the seat pan assembly by attachment to the upper seat support frame 36 through a link 44,

The entire seat 10 is mounted for fore and aft movement on the carriage 40 by ball
bearing rollers 46 traversing the slide rail assembly 38. This motion is controlled by a piston and
cylinder assembly 50 mounted parallel to the slide rail assembly 38.

A vehicle seat with simultaneous articulation of fore and aft ends of seat pan according to
the invention has been described with reference to specific embodiments and examples. Various
details of the invention may be changed without departing from the scope of the invention.
Furthermore, the foregoing description of the preferred embodiments of the invention and best
mode for practicing the invention are provided for the purpose of illustration only and not for the

purpose of limitation, the invention being defined by the claims.
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We claim:

l. A vehicle seat, comprising:

(a) a seat carriage assembly for being mounted on a supporting deck for fore and aft
movement on the deck;

(b) a seat pan assembly mounted on the seat carriage assembly for fore and aft
movement relative to the seat carriage assembly;

(¢ a seat back assembly mounted on the seat carriage assembly aft of the seat pan
assembly and adapted for simultanecous motion with the seat pan assembly;

(d)  alegrest assembly mounted on the seat carriage assembly forward of the seat
pan;

(e) the seat carriage assembly including a linkage assembly interconnecting the seat
pan assembly, seat back assembly and leg rest assembly whereby, as the seat carriage assenribly
is moved aft relative to the deck on which the seat is mounted;

(1) the seat pan assembly and the seat back assembly simultaneously adjust to
maintain a predetermined seating position during an initial recline motion
with the leg rest aésembly remaining in a retracted position below the seat
pan assembly; and

(ii)  the leg rest assembly progressively elevates into a leg-supporting position
during a subsequent recline motion as the back rest assembly and seat pan

assembly progressively recline towards a lie-flat configuration.

10
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2. A vehicle seat according to claim 1, wherein an initial position of the aircraft passenger
seat is a TTOL configuration, with a forward surface of the seat back assembly positioned at an

approximate right angle to an upper surface of the seat pan assembly.

3. A vehicle seat according to claim 1, and including a head rest assembly positioned on a
top end of the seat back assembly, wherein a forward surface of the head rest assembly is
anatomically aligned with a forward surface of the seat back assembly, and a forward surface of
the leg rest assembly is at an approximate right angle to the upper surface of the seat pan

assembly and the deck.

3. A vehicle seat according to claim 1, wherein during the initial recline motion the seat
back assembly is tilted aft and a forward edge of the seat pan assembly tilts upward to maintain
an approximate right angle position between the forward surface of the seat back assembly and

the upper surface of the seat pan assembly.

4. A vehicle seat according to claim 1, wherein the seat pan assembly includes a seat pan, a
seat pan frame, a forward seat pan pivot arm and an aft seat pan pivot arm interconnecting an

upper seat support frame and a fore and aft translatable slide rail assembly.

5. A vehicle seat according to claim 4, wherein the seat includes a seat pan carried on a seat
pan frame, a forward seat pan pivot arm and an aft pivot arm interconnecting an upper seat
support frame and a fore and aft translatable slide rail assembly to form a four-bar linkage that

interacts to permit the desired motion of the seat pan assembly, seat back assembly, and leg rest

11
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assembly.

0. A vehicle seat according to claim 4, wherein movement of the seat is powered by a linear
hydraulic locking device that is connected to the seat back assembly by a crank link and to the
seat pan assembly by attachment to the upper seat support frame through an upper seat support

frame link.

7. A vehicle seat according to claim 6, wherein the hydraulic locking device comprises a

piston and cylinder assembly.

8. A vehicle seat according to claim 1, wherein the seat carriage assembly is mounted for
movement on a translatable slide rail assembly powered by a slide rail piston and cylinder

assembly.

9. An aircraft passenger seat, comprising:

(a) a seat carriage assembly for being mounted on a supporting deck for fore and aft
movement on the deck;

(b) a seat pan assembly mounted on the seat carriage assembly for fore and aft
movement relative to the seat carriage assembly;

() a seat back assembly mounted on the seat carriage assembly aft of the seat pan
assembly and adapted for simultaneous motion with the seat pan assembly wherein an initial
position of the aircraft passenger seat is a TTOL configuration, with a forward surface of the seat

back assembly positioned at an approximate right angle to an upper surface of the seat pan

12
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assembly;
(d) a leg rest assembly mounted on the seat carriage assembly forward of the seat
pan;
(e) the seat carriage assembly including a linkage assembly interconnecting the seat
pan assembly, seat back assembly and leg rest assembly whereby, as the seat carriage assembly
is moved aft relative to the deck on which the seat is mounted,;

1) the seat pan assembly and the seat back assembly simultaneously adjust to
maintain a predetermined seating position during an initial recline motion
with the leg rest assembly remaining in a retracted position below the seat
pan assembly wherein during the initial recline motion the seat back
assembly is tilted aft and a forwérd edge of the seat pan assembly tilts
upward to maintain an approximate right angle position between the
forward surface of the seat back assembly and the upper surface of the seat
pan assembly; and

(i)  the leg rest assembly progressively elevates into a leg-supporting position
during a subsequent recline motion as the back rest assembly and seat pan

assembly progressively recline towards a lie-flat configuration.
10.  An aircraft passenger seat to claim 9, wherein the seat pan assembly includes a seat pan, a
seat pan frame, a forward seat pan pivot arm and an aft seat pan pivot arm interconnecting an

upper seat support frame and a fore and aft translatable slide rail assembly.

11.  An aircraft passenger seat to claim 9, wherein the seat includes a seat pan carried on a

13
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seat pan frame, a forward seat pan pivot arm and an aft pivot arm interconnecting an upper seat
support frame and a fore and aft translatable slide rail assembly to form a four-bar linkage that
interacts to permit the desired motion of the seat pan assembly, seat back assembly, and leg rest

assembly.

12.  An aircraft passenger seat to claim 9, wherein movement of the seat is powered by a
linear hydraulic locking device that is connected to the seat back assembly by a crank link and to
the seat pan assembly by attachment to the upper seat support frame through an upper seat

support frame link.

13.  An aircraft passenger seat according to claim 12, wherein the hydraulic locking device

comprises a piston and cylinder assembly.

14.  An aircraft passenger seat according to claim 9, wherein the seat carriage assembly is
mounted for movement on a translatable slide rail assembly powered by a slide rail piston and

cylinder assembly.

15.  An aircraft passenger seat, comprising:
(a) a seat carriage assembly for being mounted on a supporting deck for fore and aft
movement on the deck;
(b)  aseat pan assembly mounted on the seat carriage assembly for fore and aft
movement relative to the seat carriage assembly, wherein the seat pan assembly includes a seat

pan, a seat pan frame, a forward seat pan pivot arm and an aft seat pan pivot arm interconnecting

14
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an upper seat support frame and a fore and aft translatable slide rail assembly;

(©) a seat back assembly mounted on the seat carriage assembly aft of the seat pan
assembly and adapted for simultaneous motion with the seat pan assembly wherein an initial
position of the aircraft passenger seat is a TTOL configuration, with a forward surface of the seat
back assembly positioned at an approximate right angle to an upper surface of the seat pan
assembly;

(d) a leg rest assembly mounted on the seat carriage assembly forward of the seat
pan;

(e) the seat carriage assembly including a linkage assembly interconnecting the seat
pan assembly, seat back assembly and leg rest assembly whereby, as the seat carriage assembly
is moved aft relative to the deck on which the seat is mounted;

1) the seat pan assembly and the seat back assembly simultaneously adjust to
maintain a predetermined seating position during an initial recline motion
with the leg rest assembly remaining in a retracted position below the seat
pan assembly wherein during the initial recline motion the seat back
assembly is tilted aft and a forward edge of the seat pan assembly tilts
upward to maintain an approximate right angle position between the
forward surface of the seat back assembly and the upper surface of the seat
pan assembly; and

(i)  the leg rest assembly progressively elevates into a leg-supporting position
during a subsequent recline motion as the back rest assembly and seat pan

assembly progressively recline towards a lie-flat configuration.

15
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16.  An aircraft passenger seat according to claim 15, wherein movement of the seat is
powered by a linear hydraulic locking device that is connected to the seat back assembly by a
crank link and to the seat pan assembly by attachment to the upper seat support frame through an

upper seat support frame link.

17.  An aircraft passenger seat according to claim 16, wherein the hydraulic locking device

comprises a piston and cylinder assembly.

18.  An aircraft passenger seat according to claim 15, wherein the seat carriage assembly is
mounted for movement on a translatable slide rail assembly powered by a slide rail piston and

cylinder assembly.

16
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