SEAT SUSPENSION INSTALLATION METHOD AND PASSENGER SEAT

Technical Field

[0001] The present invention relates generally to a seat suspension installation method and

to a passenger seat.

Background

[0002] Backrest support of aviation seating system is traditionally made from rigid
diaphragm, the design consideration of which has been primarily due to efforts in meeting

flammability and load bearing compliance to aircraft interiors’ cabin safety regulations.

[0003] However, the rigid diaphragm construction increases the weight to the entire seating
system, and therefore increases the associated operational costs from heavier payload.
Moreover, the stiff nature of this form of solution may cause passenger discomfort, which is
highly undesirable especially for long flight. The compensation usually comes in the form of
thicker backrest cushion. This in turn adds on cushion weight and is poorer aesthetically as

well.

[0004] As an alternative to the rigid diaphragm, suspension fabric material has been
introduced to backrest supports. Such integration reduces overall seating system weight by

reducing the amount of foams in the backrest cushion.

[0005] Compared to rigid diaphragm, the stretchable suspension fabric may be poorer in
maintaining its elasticity in fatigue aspect, and this requires replacement as part of maintenance
effort. Furthermore, the fabric is unable to hold required contour due to its inherent properties,
unlike sheet metal solutions. The existing installation methods include a "wrapped-around”
method. Fig. 1 illustrates the wrapped-around installation 100, wherein the suspension fabric
102 is wrapped around a seatback frame 104. Using the wrapped-around method, it may be
difficult to install or remove the suspension fabric assemblies, and their installation /removal

processes may induce high stress on the seatback frame.

[0006] The wrapped-around method using a suspension fabric provided with zippers
thereon may make it easier to install or remove the suspension fabric than the wrapped-around

method of Fig. 1 using a suspension fabric without zippers, but the reliability of the system is



subject to zipper’s performances. In addition, such installation may not optimize the space
utilization between the seatback frame. In another document EP 0738490, a plane for the seat
of armchairs is disclosed including a framework for the support of a plurality of belts forming
the plane of the seat. The framework includes two lateral sections that show a protruding
tongue, provided with fixing U shaped elements inserted around the tongue. The belt passes
outside the U shaped sections and is then folded up backwards and inserted between the tongue
and the U shaped element so that the tension exerted by the belt presses the U shaped element
in order to block the end of the belt against the tongue.

Summary

[06007] Various embodiments provide a method for installing a seat suspension on a seat
frame having a first side frame member and a second side frame member opposed to and
spaced apart from each other. The method may include moving a retainer on a first side of the
seat suspension in a direction substantially perpendicular to a plane defined by the first and
second side frame members for fastening onto a support member on the first side frame
member; and moving a retainer on a second side of the seat suspension in the direction
substantially perpendicular to the plane defined by the first and second side frame members for
fastening onto a support member on the second side frame member. The second side of the seat
suspension is opposed to and spaced apart from the first side of the seat suspension.

[0008] Various embodiments provide a passenger seat. The passenger seat may include a
seat frame having a first side frame member and a second side frame member opposed to and
spaced apart from each other; and a seat suspension installed on the seat frame. A retainer on a
first side of the seat suspension is fastened onto a support member on the first side frame
member in a direction substantially perpendicular to a plane defined by the first and second
side frame members, and a retainer on a second side of the seat suspension is fastened onto a
support member on the second side frame member in the direction substantially perpendicular
to the plane defined by the first and second side frame members. The second side of the seat
suspension is opposed to and spaced apart from the first side of the seat suspension.

Brief Description of the Drawings

[0009] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following
description, various embodiments are described with reference to the following drawings, in
which:

Fig. 1 shows a suspension fabric installed using a wrapped-around method.

Fig. 2 shows a flowchart illustrating a method for installing a seat suspension according

to vé.rious embodiments.
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Fig. 3 shows a schematic drawing illustrating a seat frame and a seat suspension to be

installed onto the seat frame according to various embodiments.

Fig. 4 shows a schematic drawing illustrating a passenger seat having a seat suspension

installed onto a seat frame according to various embodiments.

Figs. 5(a) and 5(b) show an isometric view and a side view of a seat frame according to

various embodiments.

Fig. 6 shows a schematic drawing illustrating a seat suspension according to various

embodiments.

Fig. 7 shows a schematic drawing illustrating a passenger seat according to various

embodiments.

Description

[0010] Various embodiments provide a method for installing a seat suspension onto a seat
frame in an easier and space-saving manner. The method of various embodiments not only can

be used during manufacturing, but also can be used during maintenance.

[0011] In this context, the word "exemplary" is used herein to mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as "exemplary" is not

necessarily to be construed as preferred or advantageous over other embodiments or designs.

[0012] In this context, the seat suspension installation method can be performed in various
orientations, and thus it should be understood that the terms “side”, “top”, “bottom”, “left”,
“right”, “front”, “back”, "forward", "rear" etc., when used in the following description are used
for convenience and to aid understanding of relative positions or directions, and not intended to

limit the seat suspension installation method.

[0013] Fig. 2 shows a flowchart 200 illustrating a method for installing a seat suspension
according to various embodiments. The seat frame may include a first side frame member and

a second side frame member opposed to and spaced apart from each other.

[0014] At 202, a retainer on a first side of the seat suspension is moved in a direction
substantially perpendicular to a plane defined by the first and second side frame members for

fastening onto a support member on the first side frame member.

[0015] At 204, a retainer on the second side of the seat suspension is moved in the

direction substantially perpendicular to the plane defined by the first and second side frame
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members for fastening onto a support member on the second side frame member. The second
side of the seat suspension is opposed to and spaced apart from the first side of the seat

suspension.

[0016] In various embodiments, the movement of the retainer on the first side of the seat
suspension may include moving a plurality of retainers on the first side of the seat suspension
in the direction substantially perpendicular to the plane defined by the first and second side
frame members for fastening onto a plurality of support members on the first side frame
member. The first side frame member may include a plurality of portions at an angle with each
other, and the plurality of support members are respectively located on the plurality of portions
of the first side frame member. In various embodiments, the first side frame member may
include a plurality of straight portions at an angle with each other, and the plurality of support
members are respectively located on the plurality of portions of the first side frame member. In
various embodiments, the first side frame member may be of a curved shape, and the plurality
of support members may be located corresponding to the curved shape of the first side frame

member. .

[0017] In various embodiments, the movement of the retainer on the second side of the seat
suspension may include moving a plurality of retainers on the second side of the seat
suspension in the direction substantially perpendicular to the plane defined by the first and
second side frame members for fastening onto a plurality of support members on the second
side frame member. The second side frame member may include a plurality of portions at an
angle with each other, and the plurality of support members are respectively located on the
plurality of portions of the second side frame member. In various embodiments, the second
side frame member may include a plurality of straight portions at an angle with each other, and
the plurality of support members are respectively located on the plurality of portions of the
second side frame member. In various embodiments, the second side frame member may be of
a curved shape, and the plurality of support members may be located corresponding to the

curved shape of the second side frame member.

[0018] According to various embodiments, the installation method may include stretching
the seat suspension from the first side frame member towards the second side frame member.
The seat suspension may be stretched towards the second side frame member after the first side
of the seat suspension is installed on the first side frame member, so as to install the second

side of the seat suspension onto the second side frame member.



[0019] In various embodiments, after the retainer on the first side of the seat suspension is
fastened onto the support member on the first side frame member, a rod may be inserted into a
loop member provided along the second side of the seat suspension, and the seat suspension
may be stretched from the first side frame member towards the second side frame member by
means of the rod. In various embodiments, the retainer on the second side of the seat
suspension may be fastened onto the support member on the second side frame member, and

the rod is removed from the loop member.

[0020] In various embodiments, the loop member may include or may be split into a
plurality of loop portions. The loop member may be split into the plurality of loop portions by

forming a cut between adjacent loop portions.

[0021] In various embodiments wherein the plurality of loop portions are included in the
loop member, the rod may be inserted into the plurality of loop portions concurrently ahd the
seat suspension is stretched from the first side frame member towards the second side frame
member by means of the rod. By stretching the seat suspension towards the second side frame
member, the retainer or the plurality of retainers on the second side of the seat suspension may
be moved in the direction substantially perpendicular to the plane defined by the first and
“second side frame members, and may be fastened onto the support member or the plurality of

support members on the second side frame member.

[0022] In various embodiments wherein the plurality of loop portions are included in the
loop member, the rod may be inserted into one of the plurality of loop portions and the seat
suspension is stretched from the first side frame member towards the second side frame
member by means of the rod. One of a plurality of retainers on the second side of the seat
. suspension, e.g. the retainer located corresponding to the loop portion with the rod inserted
therein, is fastened onto one of a plurality of support members on the second side frame
member, e.g. the support member located corresponding to the retainer which is moved. The
rod may be removed and inserted into a subsequent loop portion of the 'plurality of loop
portions for. stretching the seat suspension, and a subsequent retainer of the plurélity of
retainers on the second side of the seat suspension may be fastened onto a subsequent support
member of the plurality of support members on the second side frame member. The above
process may be repeated for all loop portions until all of the plurality of retainers on the second
side of the seat suspension have been fastened onto the corresponding support members on the

second side frame member.,



[0023] In various embodiments, the loop member may be sewn or attached along the
second side of the seat suspension. The loop member may be made using the same material as
the seat suspension, and may be formed as an integral part of the seat suspension. The loop

member may also be made using different material from the seat suspension.

[0024] According to various embodiments, each of the retainers may include an elongated

body extending along the first side or the second side of the seat suspension.

[0025] In various embodiments, the retainers may include J-shaped or C-shaped retainers,
or may be of any suitable shape or form which is able to be fastened onto the seat frame, and
may be of any suitable geometric sizing to allow continuous latching and quick installation
onto the seat frame. The retainers may have an elongated body with a J-shaped or C-shaped
cross-section, or a cross-section of any suitable shape corresponding to the support member. In
various embodiments, the retainer may include a pair of apposing edges connected by a
connecting edge, wherein the retainer is fastened to the support member such that the pair of
apposing edges extends in the direction substantially perpendicular to the plane defined by the
first and second side frame members. The support member may be received in between the pair
of apposing edges of the retainer such that the retainer and the support member are fastened

together.

[0026] In various embodiments, the retainers may be made of plastic, metal or composite.
The retainers may be made of any other material having sufficient strength for the retainers to
hold the seat suspension, when the seat suspension is loaded with or without passenger load.
The retainers may be sewn or attached along the first side or the second side of the seat

suspension.

[0027] In various embodiments, the support member may be arranged to protrude
substantially perpendicularly from the plane defined by the first and second side frame
members. In various embodiments, the support member may be of any shape that fits the shape
of the retainers for the retainers to be fastened or clipped on the support member. In various
embodiments, the support member may be made of plastic, metal, composite, or any suitable
material that is sufficiently strong to hold the load received by the seat suspension, with or

without passenger load.

[0028] In various embodiments, the seat frame may be a seat back frame. In various

embodiments, the seat frame may also be a seat pan frame.



[0029] In various embodiments, the seat suspension may be or may include a seat

suspension fabric, or a seat suspension membrane or sheet made of any suitable material.

[0030] Various embodiments further provide a passenger seat. The passenger seat may
include a seat frame having a first side frame member and a second side frame member
opposed to and spaced apart from each other, and a seat suspension installed on the seat frame.
A retainer on a first side of the seat suspension may be fastened onto a support member on the
first side frame member in a direction substantially perpendicular to a plane defined by the first
and second side frame members, and a retainer on a second side of the seat suspension may be
fastened onto a support member on the second side frame member in the direction substantially
perpendicular to the plane defined by the first and second side frame members. The second side

of the seat suspension is opposed to and spaced apart from the first side of the seat suspension.

[0031] According to various embodiments, the passenger seat may include a plurality of
retainers on the first side of the seat suspension fastened onto a plurality of support members
on the first side frame member in the direction substantially perpendicular to the plane defined
by the first and second side frame members. The first side frame member may include a
plurality of portions at an angle with each other, and the plurality of support members are

respectively located on the plurality of portions of the first side frame member.

[0032] According to various embodiments, the passenger seat may include a plurality of
retainers on the second side of the seat suspension fastened onto a plurality of support members
on the second side frame member in the direction substantially perpendicular to the plane
defined by the first and second side frame members. In various embodiments, the second side
frame member may include a plurality of portions at an angle with each other, and the plurality
of support members are respectively located on the plurality of portions of the second side

frame member.

[0033] In various embodiments, the seat suspension may include a loop member along the
second side of the seat suspension, wherein the loop member is configured to receive a rod

therein during installation of the seat suspension onto the seat frame.

[0034] In various embodiments, the loop member may include or may be split into a
plurality of loop portions. In various embodiments, the loop member may be split into the

plurality of loop portions by forming a cut between adjacent loop portions.

[0035] In various embodiments, the loop member is sewn or attached along the second side

of the seat suspension. The loop member may be made using the same material as the seat
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suspension, and may be formed as an integral part of the seat suspension. The loop member

may also be made vsing different material from the seat suspension.

[0036] According to various embodiments, each of the retainers may include an elongated

body extending along the first side or the second side of the seat suspension.

[0037] In various embodiments, the retainers may include J-shaped or C-shaped retainers,
or may be of any suitable shape or form which is able to be fastened onto the seat frame, and
may be of any suitable geometric sizing to allow continuous latching and quick installation
onto the seat frame. The retainers may have an elongated body with a J-shaped or C-shaped
cross-section, or with a cross-section of any suitable shape corresponding to the support
member. In various embodiments, the retainer may include a pair of apposing edges connected
by a connecting edge, wherein the retainer is fastened to the support member such that the pair
of apposing edges extends in the direction substantially perpendicular to the plane defined by
the first and second side frame members. The support member may be received inbetween the
pair of apposing edges of the retainer such that the retainer and the support member are

fastened together.

[0038] In various embodiments, the retainers may be made of plastic, metal or composite.
The retainers may be made of any other material having sufficient strength for the retainers to
hold the seat suspension, when the seat suspension is loaded with or without passenger load.
The retainers may be sewn or attached along the first side or the second side of the seat

suspension.

i0039] In various embodiments, the support member may be arranged to protrude
substantially perpendicularly from the plane defined by the first and second side frame
members. In various embodiments, the support member may be of any shape that fits the shape
of the retainers for the retainers to be fastened or clipped on the support member. In various
embodiments, the support member may be made of plastic, metal, composite, or any suitable
mateﬁal that is sufficiently strong to hold the load received by the seat suspension, with or

without passenger load.

[0040] In various embodiments, the seat frame may be a seat back frame. In various

embodiments, the seat frame may also be a seat pan frame.

[0041] In various embodiments, the seat suspension may be or may include a seat

suspension fabric, or a seat suspension membrane or sheet made of any suitable material.



[0042] Various embodiments of the seat suspension installation method described in this

description are analogously valid for the passenger seat, and vice versa.

[0043] Various embodiments of the seat suspension installation method and the passenger

seat will be described with reference to the figures in more detail below.

[0044] Fig. 3 shows a schematic drawing 300 illustrating a seat frame and a seat

suspension to be installed onto the seat frame according to various embodiments.

[0045] Fig. 3 shows a seat suspension 310 and a seat frame 320. The seat suspension 310
may be a suspension fabric which is tailored to match seat back geometry and contour. The
seat suspension 310 may also be a seat suspension membrane or sheet made of any suitable

material.

[0046] A first side 302 and a second side 304 of the seat suspension 310 are opposed to and
spaced apart from each other. In this exemplary embodiment, the first side 302 and the second
side 304 are illustrated as the right side and the left side of the seat suspension, when the seat
suspension is oriented upright in its installed state. It is understood that the first side 302 and
the second side 304 may also be the top side and the bottom side of the seat suspension in its

upright orientation.

[0047] A retainer 306 may be provided on the first side 302, and a retainer 308 may be
provided on the second side 304. In an embodiment, the retainers 306, 308 may be sewn along

the first side 302 and the second side 304, e.g. using the sewn threads as illustrated in Fig. 3.

[0048] In various embodiments, each of the retainers 306, 308 may include an elongated

body extending along the first side 302 or the second side 304 of the seat suspension 310,

[0049] The retainers 306, 308 may include J-shaped or C-shaped retainers. In an exemplary
embodiment, the J-shaped retainers 306, 308 are shown in Fig. 3 having an elongated body

with a J-shaped cross-section.

[0050]' The retainers 306, 308 may be made of plastic, metal or composite. The retainers
may be made of any other material having sufficient strength for the retainers to hold the seat
suspension, when the seat suspension is loaded with or without passenger load. In exemplary
embodiments, the retainers 306, 308 are sewn along the first side 302 and the second side 304
of the seat suspension 310, respectively. In other embodiments, the retainers 306, 308 may be
attached or fixed to the first side 302 and the second side 304 using other suitable means, such
as heat staking or integrally forming or molding the retainers 306, 308 to the seat suspension

310.



[0051] In the exemplary embodiments shown in Fig. 3, the seat frame 320 is a seat back
frame. It is understood that the seat frame 320 may also be a seat pan frame and the seat

suspension installation method of various embodiments may be applied in a similar manner.

[0052] The seat frame 320 includes a first side frame member 322 and a second side frame
member 324 opposed to and spaced apart from each other. In this exemplary embodiment, the
first side frame member 322 and the second side frame member 324 are illustrated as the right
side frame member and the left side frame member of the seat frame 320 in its upright
orientation. It is understood that the first side frame member 322 and the second side frame
member 324 may also be the top side frame member and the bottom side frame member of the

seat frame for the seat suspension 310 to be installed in such a manner.

[0053] A support member 326 may be located on the first side frame member 322, and a
support member 328 may be located on the second side frame member 324. The support
members 326, 328 may be brackets or strips mounted on or attached to the first and second side
frame members 322, 324, respectively. The support members 326, 328 may be of any shape
that fits the shape of the female portion of the retainers 306, 308. The support members 326,
328 may be arranged to protrude substantially perpendicularly from the plane 332 defined by
the first and second side frame members 322, 324. For example, the support members 326, 328
are shown to protrude outward from the plane 332 of the seat frame 320 and extend
backwardly. In various embodiments, the support members 326, 328 may be made of plastic,
metal, composite, or any suitable material that is strong enough to hold the load received by the

seat suspension 310, with or without passenger load.

[0054] In exemplary embodiments shown in Fig. 3, the seat suspension 310 is installed
onto the front side of the seat frame 320 in a rear-facing direction. It is understood that the seat
suspension 310 may also be installed onto the back side of the seat frame in a forward-facing

direction in other embodiments.

[0055]) According to be installation method of various embodiments, the retainer 306 on
the first side 302 of the seat suspension 310 is moved in the direction 330 substantially
perpendicular to the plane 332 defined by the first and second side frame members 322, 324,

for fastening onto the support member 326 on the first side frame member 322.

[0056] After the retainer 306 on the first side 302 of the seat suspension 310 is fastened
onto the support member 326, the seat suspension 310 may be stretched towards the second
side frame member 324 so that the retainer 308 on the second side 304 of the seat suspension

310 is sufficiently close to the support member 328 on the second side frame member 324. The
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seat suspension 310 may be stretched using a loop design and a rod, as will be described in

more detail below.

[0057] The retainer 308 on the second side 304 of the seat suspension 310 is moved in the
direction 330 substantially perpendicular to the plane 332 so as to be fastened onto the support
member 328 on the second side frame member 324. In this manner, the seat suspension 310 is

installed onto the seat frame 320.

[0058] Fig. 4 shows a schematic drawing illustrating a passenger seat 400 having a seat

suspension installed onto a seat frame according to various embodiments.

[0059] The passenger seat 400 may include the seat suspension 310 and the seat frame 320
illustrated in Fig. 3 in an installed state, wherein the second side 304 of the seat suspension 310

installed onto the second side frame member 324 are shown.

[0060] As shown in Fig. 4, the support member 328 may protrude substantially
perpendicularly from the plane 332 defined by the first and second side frame members of the
seat frame 320. For example, the support member 328 is shown to protrude outward and

backward from the second seat frame member 324.

[0061] The retainer 308 is fastened or latched onto the support member 328 on the second
side frame member 324 in the direction 330 substantially perpendicular to the plane 332
defined by the first and second side frames of the seat frame 320. The retainer 308 installed in
such a manner may be received on the mounting provision on the seat frame, e.g. on the
support member 328 protruding substantially perpendicularly from the plane 332 as shown in
Fig. 4.

[0062] In exemplary embodiments shown in Fig. 4, the retainer 308 may include a pair of
apposing edges connected by a connecting edge, wherein the retainer 308 is fastened to the
support member 328 such that the pair of apposing edges extends in the direction 330
substantially perpendicular to the plane 332 defined by the first and second side frame

members.

[0063] Although the retainers 306, 308 are J-shaped retainers as illustrated in the
exemplary embodiments above, it 1s understood that the retainers may be of any suitable shape
or form which is able to be fastened onto the seat frame, and may be of any suitable geometric

sizing to allow continuous latching and quick installation onto the seat frame.

[0064]  According to various embodiments, the integration of the seat suspension and the

seat frame is realized using retainers and support members with rear-facing engagement. This
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may ensure that the seat suspension conforms to the shape and contour of the seat back frame,
and therefore the intent of creating comfortable sitting position at the interface to passenger is
retained throughout the servicing operation after the seats are installed in aircraft. By moving
the retainers in the direction substantially perpendicular to the plane defined by the side frame
members and fastening the retainers thereby, seat suspension may be easier to be installed
during maintenance, in which situation there may be limited space at the side of an aircraft seat,
e.g. for an aircraft seat next to the window. Compared to clip-on designs in which the
clips/retainers move sideways, the perpendicular movement of the retainers in the
embodiments is advantageous in that less space is needed on the sides of the seat frame. The
retainers can be flat with a small thickness and yet have a good strength (e.g., in J shape).
Whereas for clip-on designs in which clips/retainers move in from the side of the seat frame,
the clips/retainers have to protrude the side before clip-on, requiring more space on the sides of
the seat frame and requiring thick clips/retainers to clip onto the side of the seat frame. Further,
compared to the clip-on designs in which clips/retainers move in from the side of the seat
frame, the installation method of various embodiments is advantageous in that fastening of
retainers may be more secure, since the retainers fastened in the manner according to various

embodiments are less likely to dislodge during use.

[0065] Compared to the wrapped-around installation, various embodiments of the method
install the seat suspension on either the front side or the back side of the seat frame and also
provide additional usable space between the seat frame that may be used for seatback amenity
or stowage. In various embodiments wherein the seat suspension is installed from the front side
of the seat frame, additional space at the backside of the seat frame is available and may be

used for seatback amenity or stowage.

[0066] According to various embodiments, the use of retainers may ensure that the stretch
load is evenly distributed along the two longitudinal sides of the seat back frame. This
eliminates the existing requirement of locally reinforcing the seat back frame where the
suspension fabric is connected. The thread sew lines, connecting the seat suspension and
retainers, are designed for similar consideration. According to various embodiments of the seat
suspension installation method and the passenger seat, an even distribution of stretch load onto
the retainers may be achieved. This helps to increase the fatigue life of the seat back assembly

which is constantly subjected to human seating loads and aircraft vibrations.

[0067] Depending on the design and contour of the seat frame, the seat suspension may be

adapted accordingly as described in more detail below.
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[0068] Figs. 5(a) and 5(b) respectively show an isometric view and a side view of a seat

frame 500 according to various embodiments.

[0069] Similar to the seat frame 320 of Fig. 3, the seat frame 500 includes a first side frame
member and a second side frame member opposed to and spaced apart from the first side frame

member.

[0070] The first side frame member of the seat frame 500 may include a plurality of
portions at an angle with each other. In the exemplary embodiments shown in Fig. 5, the first
side frame member includes an upper portion 502 and a lower portion 504 at an angle with the
upper portion 502. The second side frame member may include an upper portion 506 and a
lower portion 508 at an angle with the upper portion 506. The upper portions 502, 506 of the
first and second side frame members define an upper plane 532. The lower portions 504, 508 of
the first and second side frame members define a lower plane 534. The lower plane 534 is

inclined forward with respect to the upper plane 532 in an exemplary embodiment.

[0071] According to the above exemplary embodiments, the seat frame 500 may be a two-
planed seat frame. The upper plane 532 runs vertically, e.g., to support human spinal in an
upright position. The lower plane 534 is inclined forward, e.g., to seamlessly integrate with the
lumbar support. The change of angle from the lower plane 534 to the upper plane 532 may be
designed or configured based on the anthropometry data to achieve comfortable sitting position
for passengers. The conformity may reduce uneven pressure distribution on the erector spinal

and oblique muscles seen in the single plane seat frame design.

[0072] Corresponding to the first and second side frame members, an upper support
member 512 and a lower support member 514 may be respectively located on the upper portion
502 and the lower portion 504 of the first side frame member, and an upper support member
516 and a lower support member 518 may be respectively located on the upper portion 506 and

the lower portion 508 of the second side frame member.

[0073] In exemplary embodiments, the upper support members 512, 516 may be longer
than the lower support members 514, 518. The upper support members 512, 516 and the lower
support members 514, 518 may be arranged to be parallel to the contour of the seat frame 500.

[0074]  Although the exemplary embodiments above describes a two-planed seat frame, it is
understood that various embodiments may be applied to a multiple-planed seat frame wherein
more than two portions may be included in each of the first and second side frame members, or

may be applied to a curved seat frame wherein a plurality of curved portions may be included
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in each of the first and second side frame members. The number of support members and the
curvature of the support members may be adapted according to the curvature of the side frame

members.

[0075] Various embodiments of the seat frame and the support members described above

with respect to Figs. 2 to 4 are analogously valid for the seat frame 500, and vice versa.

[0076] Fig. 6 shows a schematic drawing illustrating a seat suspension 600 according to

various embodiments.

[0077] The seat suspension 600 may be configured for installation onto the seat frame 500
of Fig. 5. In various embodiments, the seat frame 500 includes a first side 602 and a second

side 604 opposed to and spaced apart from each other.

[0078] A plurality of retainers may be respectively provided on the first side 602 and the
second side 604 of the seat suspension 600. In exemplary embodiments of Fig. 6, an upper
retainer 612 and a lower retainer 614 are provided on the first side 602, and an upper retainer
616 and a lower retainer 618 are provided on the second side 604. The first side 602 and the
second side 604 of the seat suspension 600 may be sewn with threads 620, e.g. nylon threads,
to fix the retainers 612, 614, 616, 618 thereon. The location and geometric size of the upper
retainers and the lower retainers may be configured in accordance with the location and

geometric size of the support members 512, 514, 516, 518.

[0079] According to various embodiments, the use of plurality of retainers at each side of
the seat suspension may ensure that the stretch load is evenly distributed along the two
longitudinal sides of the seat back frame, for example, when the two longitudinal sides of the
seat back frame is curved or inclined. According to various embodiments, an even distribution
of stretch load onto the retainers may be achieved, thereby increasing the fatigue life of the seat

suspension.

[0080]  The tension induced in the seat suspension fabric may be varied by controlling the
lateral dimensions of the suspension fabric sewn on the retainers. This may allow preference to

be exercised on the stiffness of the diaphragm created for ergonomic purposes.

[0081] Various embodiments of the seat suspension and the retainers described above with
reference to Figs. 2 to 4 are analogously valid for the seat suspension 600 and the retainers, and

vice versa.

[0082] In various embodiments, the seat suspension may further include a loop member

624 along the second side 604 of the seat suspension 600, wherein the loop member 624 is
14



configured to receive a rod therein during installation of the seat suspension 600 onto the seat
frame. The loop member 624 may be formed with excess fabric at the second side 604 of the
seat suspension 600, and may be sewn with the threads 620 which are also used for holding the
retainers. The loop member 624 may be formed as an integral part of the seat suspension 600,

or as a separate part attached to the seat suspension 600.

[0083] In various embodiments, the loop member 624 may include or may be split into a
plurality of loop portions. The loop member 624 may be split into the plurality of loop portions
by forming a cut between adjacent loop portions. In exemplary embodiments of Fig. 6, a V-
shaped cut 626 is formed on the loop member 624 to separate adjacent loop portions, which
may allow the option of using a loading rod to grip either each of the loop portion or both loop

portions concurrently.

[0084] In various embodiments, the seat suspension 600 may further include a flap 628 at
the bottom for integration with a seat pan. The flap 628 may help to retain the surface tension

in the vertical orientation and may create gradually transformation to the seat pan.

[0085] In various embodiments, a loop fastener 630 may be sewn onto the edge of the flap
628, and a mating hook fastener 632 may be sewn in the vicinity of the loop fastener 630. The
loop and hook fastener, e.g. Velcro, includes the loop fastener 630 and the mating hook
fastener 632 and is used to hold the flap 628 in place. The loop fastener 630 and the mating
hook fastener 632 may be made of fabric, e.g. nylon, polyester, etc. In addition to hook and
loop fastener, any other quick releasable fastener, such as buttons, may be included in the seat

suspension.

[0086] During installation of the seat éuspension 600 onto the seat frame 500, the upper
retainer 612 and the lower retainer 614 may be respectively moved in the respective directions
substantially perpendicular to the upper plane 532 and the lower plane 534 defined by the first
and second side frame members, and respectively latched onto the protrusion of the upper
support members 512 and the lower support members 514 on the first side of the seat frame
500.

[0087] A loading rod may be inserted or put through the loop member 624, and is used to
stretch the seat suspension 600 across the forward surface of the seat frame 500 from the first
side to the second side of the seat frame 500. The direction of the stretching, for example, from
left to right or from right to left, depends on the location of the loop member 624. The
stretching according to the embodiments may allow the suspension fabric to hug tightly to the

side and forward faces of the seat frame 500.
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[0088] In various embodiments, the rod may be inserted into the plurality of loop portions
of the loop member 624 concurrently, and the seat suspension is stretched from the first side
frame member towards the second side frame member by means of the rod. By stretching the
seat suspension 600 towards the second side frame member, the retainers 616, 618 on the
second side 604 of the seat suspension 600 may be respectively moved in the directions
substantially perpendicular to the upper plane 532 and the lower plane 534 defined by the first

and second side frame members.

[0089] When the retainers 616, 618 on the second side 604 of the seat suspension 600 are
close enough to the upper support member 516 and the lower support member 518 of the
second side frame member, the retainers 616, 618 are respectively latched onto the upper
support member 516 and the lower support member 518, to form the passenger 700 as shown

in Fig, 7.

[0090] In various embodiments, the rod may be inserted into one of the plurality of loop
portions of the loop member 624, e.g. the upper loop portion, and the seat suspension 600 is
stretched from the first side frame member towards the second side frame member by means of
the rod. One of a plurality of retainers on the second side 604 of the seat suspension 600, e.g.
the upper retainer 616 located corresponding to the upper loop portion with the rod inserted
therein, is fastened onto one of a plurality of support members on the secénd side frame
member, e.g. the upper support member 516 located corresponding to the upper retainer 616
which is moved. The rod may be removed and inserted into a subsequent loop portion of the
plurality of loop portions, e.g. the lower loop portion, for stretching the seat suspension 600. A
subsequent retainer of the plurality of retainers, e.g. the lower retainer 618, on the second side
604 of the seat suspension 600 may be fastened onto a subsequent support member of the
plurality of support members on the second side frame member, e.g. the lower support member
518. In embodiments wherein more than two loop portions are included in the loop member
624, the above process may be repeated for all loop portions until all of the plurality of
retainers on the second side of the seat suspension have been fastened onto the corresponding

support members on the second side frame member.

[0091] Fig. 7 shows a schematic drawing illustrating a passenger seat 700 according to
various embodiments, wherein the seat suspension 600 of Fig. 6 has been installed on the seat

frame 500 of Fig. 5 according to the method of various embodiments above.

[0092] The installation method of various embodiments can be provided for aircraft seat

production as well as for maintenance of seats already installed on aircrafts. For maintenance,
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the manual operation of using the loading loop member and the rod preferably allows the
technician to ergonomically install the suspension fabric onto its receiving support members on
the seat frame. The operation advantageously may only require a single technician to clutch
onto both ends of the rod and pull inwards to install comfortably. The loading rod may be bent
or contoured similarly to the seat frame for simultaneous gripping of two loading loops in a
single motion. For production line runs, mechanized jigs can make use of the loading loop to
mount the seat suspension onto the seat frame. Further, the method of various embodiments in
which retainers are moved and fastened in a perpendicular direction at the sides of the seat
frame allows minimum removal effort, as accessibility is only required at the sides of seat
frame (e.g. the left side and the right side of the seat frame) at its installed position.
Accordingly, the installation method of various embodiments allows the removal and
maintenance of the seat suspension on aircraft without having to remove the seatback frame.
For the wrapped-around seat design having a seat suspension without zipper, to service each
seat in a 3-seat arrangement, all seatback frames have to be removed from the aircraft in order
to access the seat suspension. Compared with the wrapped-around seat design, the installation
method of various embodiments requiring accessibility at the side of the seat frame allows the
removal of seat suspension while the seatback frame is still in its rigid position on aircraft. This
installation method of various embodiments can be advantageously performed by any qualified

technicians without additional training, thereby saving both time and cost.

[0093] While the various embodiments above have been describe.d with regard to a seat
back frame and the installation of the seat suspension at the front side of the seat back frame, it
is understood that the method of various embodiments may also be applied in the installation of
- the seat suspension at the back side of the seat back frame and may also be applied to a seat

pan.

[0094] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes
in form and detail may be made therein without departing from the spirit and scope of the
invention as defined by the appended claims. The scope of the invention is thus indicated by
the appended claims and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced.
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Claims

What is claimed is:

1. A method for installing a seat suspension layer on a seat frame having a first side frame
member and a second side frame member 6pposed to and spaced apart from each other, the

method comprising:

moving a plurality of retainers on a first side of the seat suspension layer in respective
directions substantially perpendicular to respective planes defined by the first and second side
frame members for fastening .onto a plurality of support members respectively located on a
plurality of portions of the first side frame member, wherein the respective planes defined by

the first and second side frame members are inclined relative to each other; and

moving a plurality of retainers on a second side of the seat suspension layer in the
respective directions substantially perpendicular to the respective planes defined by the first
and second side frame members for fastening onto a plurality of support members respectively
located on a plurality of portions of the second side frame member, the second side of the seat
suspension layer being opposed to and spaced apart from the first side of the seat suspension
layer;

wherein the respective planes are defined by pairs of a respective portion .of the
plurality of portions of the first side frame member and a corresponding respective portion of
the plurality of portions of the second side frame member;

wherein each retainer on the first side of the seat suspension layer comprises an
elongated body extending along a respective one of the plurality of portions of the first side
frame member and each retainer on the second side of the seat suspension layer comprises an
elongated body extending along a respective one of the plurality of portions of the second side

frame members.

2. The method according to claim 1, further comprising:

inserting a rod into a loop member provided along the second side of the seat
suspension layer, after the retainers on the first side of the seat suspension layer are fastened

onto the support members on the first side frame member; and
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stretching the seat suspension layer from the first side frame member towards the

second side frame member by means of the rod.

3. The method according to claim 2, further comprising:

fastening the retainers on the second side of the seat suspension layer onto the support

members on the second side frame member; and

removing the rod from the loop member.

4. The method according to claim 2 or 3,

wherein the loop member is split into a plurality of loop portions.

5. The method according to claim 4,

wherein the loop member is split into the plurality of loop portions by forming a cut

between adjacent loop portions.

6. The method according to claim 4 or 5, comprising:
inseriing the rod into the plurality of loop portions concurrently; and

stretching the seat suspensjon layer from the first side frame member towards the

second side frame member by means of the rod.

7. The method according to claim 4 or 5, comprising:
inserting the rod into one of the plurality of loop portions;

stretching the seat suspension layer from the first side frame member towards the

second side frame member by means of the rod;

- fasténing one of the plurality of retainers on the second side of the seat suspension layer

onto one of the plurality of support members on the second side frame member.

8. The method according to claim 7, further comprising:
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inserting the rod into a subsequent loop portion of the plurality of loop portions; and

fastening a subsequent retainer of the plurality of retainers on the second side of the
seat suspension layer onto a subsequent support member of the plurality of support members

on the second side frame member.

9. The method according to any one of claims 2 to 8,

wherein the loop member is sewn along the second side of the seat suspension layer.

10.  The method according to any one of claims I t0 9,

wherein the retainer comprises a pair of apposing edges connected by a connecting

edge,

wherein the retainer is fastened to the support member such that the pair of apposing
edges extends in the direction substantially perpendicular to the plane defined by the first and

second side frame members.

11. The method according to any one of claims 1 to 10,

wherein the retainers are made of plastic, metal, composite, or a material having -

sufficient strength for the retainers to hold the seat suspension layer.

12.  The method according to any one of claims 1 to 11,

wherein the support member is arranged to protrude substantially perpendicularly from

the respective plane defined by the first and second side frame members.

13.  The method according to any one of claims 1 to 12,

wherein the seat frame is a seat back frame or a seat pan frame.

14.  The method according to any one of claims 1 to 13,

wherein the seat suspension layer comprises a seat suspension fabric.
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15. A passenger seat, comprising

a seat frame having a first side frame member and a second side frame member
opposed to and spaced apart from each other, wherein the first side frame member comprises a
plurality of portions and the second side frame member comprises a plurality of portions,
wherein respective planes are defined by pairs of a respective one of the plurality of portions of
the first side frame member and a corresponding respective one of the plurality of portions of
the second side frame member and wherein the respective planes are inclined relative to each

other;
a seat suspension layer installed on the seat frame;

wherein a plurality of retainers on a first side of the seat suspension layer are fastened
onto a plurality of support members respectively located on the plurality of portions of the first
side frame member, and a plurality of retainers on a second side of the seat suspension layer
are fastened onto a plurality of support members respectively located on the plurality of
portions of the second side frame member, the second side of the seat suspension layer being

opposed to and spaced apart from the first side of the seat suspension layer;

wherein each retainer comprises a pair of apposing edges connected by a connecting
edge;

wherein each retainer is fastened to one of the support members such that the pair of

apposing edges extends in a direction substantially perpendicular to the respective planes; and

wherein each retainer on the first side of the seat suspension layer comprises an
elongated body extending along a respective one of the plurality of portions of the first side
frame member and each retainer on the second side of the seat suspension layer comprises an

elongated body extending along a respective one of the plurality of portions of the second side

frame members.

16.  The passenger seat according to claim 15,
wherein the seat suspension layer comprises a loop member along the second side of
the seat suspension layer, thé loop member being configured to receive a rod therelin during

installation of the seat suspension layer onto the seat frame.
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17.  The passenger seat according to claim16,

wherein the loop member is split into a plurality of loop portions.

.18.  The passenger seat according to claim 17,

wherein the loop member is split into the plurality of loop portions by forming a cut

between adjacent loop portions.

19. The passenger seat according to any one of claims 16 to 18,

wherein the loop member is sewn along the second side of the seat suspension 1ayer. .

20. The passenger seat according to any one of claims 15 to 19,

wherein the retainers are made of plastic, metal, composite, or a material having

sufficient strength for the retainers to hold the seat suspension layer.

21.  The passenger seat accbrding to any one of claims 15 to 20,

wherein the support member is arranged to protrude substantially perpendicularly from

the respective plane defined by the first and second side frame members.

22.  The passenger seat according to any one of claims 15 to 21,

wherein the seat frame is a seat back frame or a seat pan frame.

23.  The passenger seat according to any one of claims 15 to 22,

wherein the seat suspension layer comprises a seat suspension fabric.”
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