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CHAIRS INCLUDING FLEXIBLE FRAMES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of and priority to, under 35

U.S.C. § 119(e), U.S. Provisional Application Serial No. 62/543,712, filed August 10,

2017, entitled CHAIRS INCLUDING FLEXIBLE FRAMES, which is hereby

incorporated by reference in its entirety for all purposes.

TECHNICAL FIELD

[0002] The present invention relates to chairs including mesh back and/or seating

surfaces that conform to the shape of an occupant's body.

BACKGROUND

[0003] Chairs including mesh back and/or seating surfaces are used in various

environments (for example, office settings) to facilitate occupant comfort and

productivity. However, such chairs typically include relatively stiff frame components to

support the mesh back and/or seating surfaces. Such frame components can cause

occupant discomfort, for example, when the occupant moves while seated (for example, to

change seated postures, perform office tasks, stretch, or the like).

SUMMARY

[0004] In a first example, a chair includes a support spine; a seat assembly coupled

to the support spine, the seat assembly including: a flexible frame being movable relative

to the support spine, the flexible frame including a first frame element, a second frame

element coupled to the first frame element at a first corner, and a third frame element

coupled to the second frame element at a second corner, the first comer and the second

corner being substantially independently movable relative to the support spine; a

conformable panel coupled to the flexible frame and configured to engage an occupant of

the chair; and a resistance assembly coupling the support spine to the flexible frame, the

resistance assembly bearing against the flexible frame to facilitate substantially

independent movement of the first corner and the second corner relative to the support

spine.

[0005] In a second example, the first frame element of the first example includes a

first flexible section, the second frame element includes a second flexible section, and the

third frame element includes a third flexible section.



[0006] In a third example, the resistance assembly of any of the previous examples

includes a compression spring.

[0007] In a fourth example, the resistance assembly of the third example further

includes a slider translatably coupled to the support spine, the slider being urged to

translate relative to the support spine by the compression spring; and a connecting link

pivotably coupled to the slider and coupled the flexible frame.

[0008] In a fifth example, the resistance assembly of the third example further

includes a first connecting link pivotably coupled to the support spine; and a second

connecting link translatably coupled to the first connecting link and coupled the flexible

frame, the second connecting link being urged to translate relative to the first connecting

link by the compression spring.

[0009] In a sixth example, the resistance assembly of any of the previous examples

includes a leaf spring.

[0010] In a seventh example, the resistance assembly of the sixth example further

includes a connecting link pivotably coupled to the leaf spring and coupled to the flexible

frame.

[0011] In an eighth example, the resistance assembly of the seventh example

further includes a stiffness adjustment component movable along the leaf spring to

facilitate adjustment of a bending stiffness of the leaf spring.

[0012] In a ninth example, the resistance assembly of any of the previous examples

includes a flexible arm having a dog legged shape.

[0013] In a tenth example, the seat assembly of any of the previous examples

includes a back configured to engage the back of the occupant, the back including the

flexible frame and the conformable panel.

[0014] In an eleventh example, the seat assembly of any of the first example

through the ninth example includes a seat configured to engage the legs of the occupant,

the seat including the flexible frame and the conformable panel.

[0015] In a twelfth example, a chair includes a support spine; a seat assembly

coupled to the support spine, the seat assembly defining a sagittal plane bisecting the chair

and dividing the chair into a left side and a right side, the seat assembly including: a

flexible frame being movable relative to the support spine; a conformable panel coupled to

the flexible frame and configured to engage an occupant of the chair; and a resistance

assembly coupling the support spine to the flexible frame, the resistance assembly bearing



against the flexible frame to facilitate rotation of the flexible frame and the conformable

panel relative to the support spine about an axis disposed at an acute angle relative to the

sagittal plane.

[0016] In a thirteenth example, the axis of the twelfth example is a first axis and

the acute angle is a first acute angle, and the resistance assembly bears against the flexible

frame to facilitate rotation of the flexible frame and the conformable panel relative to the

support spine about a second axis disposed at a second acute angle relative to the sagittal

plane.

[0017] In a fourteenth example, the resistance assembly of the twelfth example or

the thirteenth example includes: a first connecting link pivotably coupled to the support

spine and coupled the flexible frame, the first connecting link facilitating rotation of the

flexible frame and the conformable panel relative to the support spine about the first axis;

and a second connecting link pivotably coupled to the support spine and coupled the

flexible frame, the second connecting link facilitating rotation of the flexible frame and the

conformable panel relative to the support spine about the second axis.

[0018] In a fifteenth example, the resistance assembly of the fourteenth example

further includes a first slider translatably coupled to the support spine and pivotably

coupled to the first connecting link, the first slider and the first connecting link facilitating

rotation of the flexible frame and the conformable panel relative to the support spine about

the first axis; and a second slider translatably coupled to the support spine and pivotably

coupled to the second connecting link, the second slider and the second connecting link

facilitating rotation of the flexible frame and the conformable panel relative to the support

spine about the second axis.

[0019] In a sixteenth example, the resistance assembly of the twelfth example or

the thirteenth example includes a first leaf spring coupled to the support spine and the

flexible frame, the first leaf spring facilitating rotation of the flexible frame and the

conformable panel relative to the support spine about the first axis; and a second leaf

spring coupled to the support spine and the flexible frame, the second leaf spring

facilitating rotation of the flexible frame and the conformable panel relative to the support

spine about the second axis.

[0020] In a seventeenth example, the resistance assembly of the sixteenth example

further includes a stiffness adjustment component movable along the first leaf spring and



the second leaf spring to facilitate adjustment of bending stiffnesses of the first leaf spring

and the second leaf spring.

[0021] In an eighteenth example, the resistance assembly of the sixteenth example

further includes a first connecting link coupled to the flexible frame and pivotably coupled

to the first leaf spring, the first connecting link and the first leaf spring facilitating rotation

of the flexible frame and the conformable panel relative to the support spine about the first

axis; and a second connecting link coupled to the flexible frame and pivotably coupled to

the second leaf spring, the second connecting link and the second leaf spring facilitating

rotation of the flexible frame and the conformable panel relative to the support spine about

the second axis.

[0022] In a nineteenth example, the resistance assembly of the twelfth example or

the thirteenth example further includes a first flexible arm coupled to the support spine and

the flexible frame, the first flexible arm having a dog legged shape, and the first flexible

arm facilitating rotation of the flexible frame and the conformable panel relative to the

support spine about the first axis; and a second flexible arm coupled to the support spine

and the flexible frame, the second flexible arm having a dog legged shape, the second

flexible arm facilitating rotation of the flexible frame and the conformable panel relative to

the support spine about the second axis.

[0023] In a twentieth example, the resistance assembly and the flexible frame of

the twelfth example or the thirteenth example facilitate rotation of the flexible frame and

the conformable panel relative to the support spine about a third axis, the third axis being

substantially perpendicular to the sagittal plane.

[0024] While multiple embodiments are disclosed, still other embodiments of the

present invention will become apparent to those skilled in the art from the following

detailed description, which shows and describes illustrative embodiments of the invention.

Accordingly, the drawings and detailed description are to be regarded as illustrative in

nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Fig. 1 is a partial side view of a chair, according to some embodiments of

the present disclosure;

[0026] Fig. 2 is a partial front view of the chair of Fig. 1;

[0027] Fig. 3 is a partial rear view of the chair of Fig. 1;



[0028] Fig. 4 is a partial opposite side view of the chair of Fig. 1;

[0029] Fig. 5 is a partial top view of the chair of Fig. 1;

[0030] Fig. 6 is another partial top view of the chair of Fig. 1;

[0031] Fig. 7 is a partial top view of the chair of Fig. 1 with an occupant seated in

an upright posture;

[0032] Fig. 8 is a partial top view of the chair of Fig. 1 with the occupant leaning

laterally to the left;

[0033] Fig. 9 is a partial top view of the chair of Fig. 1 with the occupant leaning

laterally to the right;

[0034] Fig. 10 is a partial top view of the chair of Fig. 1 with the occupant seated

in a reclined posture;

[0035] Fig. 11 is a partial top view of the chair of Fig. 1 with the occupant seated

in a posture with the shoulders abducted;

[0036] Fig. 12 is a partial lower front perspective view of the chair of Fig. 1;

[0037] Fig. 13A is a partial side view of the chair of Fig. 1 with the occupant

seated in a standard seating posture (that is, hips flexed and knees flexed to 90 degrees);

[0038] Figs 13B is a partial front view of the chair of Fig. 1 with the occupant

seated in a standard seating posture (that is, hips flexed and knees flexed to 90 degrees);

[0039] Fig. 14A is a partial side view of the chair of Fig. 1 with the occupant

seated in a posture with both legs lowered relative to the standard seating position;

[0040] Fig. 14B is a partial front view of the chair of Fig. 1 with the occupant

seated in a posture with both legs lowered relative to the standard seating position;

[0041] Fig. 15A is a partial side view of the chair of Fig. 1 with the occupant

seated in a posture with the right leg lowered relative to the standard seating position;

[0042] Fig. 15B is a partial front view of the chair of Fig. 1 with the occupant

seated in a posture with the right leg lowered relative to the standard seating position;

[0043] Fig. 16A is a partial side view of the chair of Fig. 1 with the occupant

seated in a posture with the left leg lowered relative to the standard seating position;

[0044] Fig. 16B is a partial front view of the chair of Fig. 1 with the occupant

seated in a posture with the left leg lowered relative to the standard seating position;

[0045] Fig. 17 is a partial rear view of another chair, according to some

embodiments of the present disclosure;

[0046] Fig. 18 is another partial rear view of the chair of Fig. 17;



[0047] Fig. 19 is a partial top view of the chair of Fig. 17 with a force being

applied to a right corner of the back of the chair;

[0048] Fig. 20 is a partial top view of the chair of Fig. 17 with a force being

applied to a left corner of the back of the chair;

[0049] Fig. 2 1 is a partial top view of the chair of Fig. 17 with forces being applied

to the right and left corners of the back of the chair;

[0050] Fig. 22 is a partial side view of another chair, according to some

embodiments of the present disclosure;

[0051] Fig. 23 is a partial front view of the chair of Fig. 22;

[0052] Fig. 24 is a partial rear view of the chair of Fig. 22;

[0053] Fig. 25 is a partial top view of the chair of Fig. 22;

[0054] Fig. 26 is a partial side view of another chair, according to some

embodiments of the present disclosure;

[0055] Fig. 27 is a partial back view of the chair of Fig. 26;

[0056] Fig. 28 is a partial top view of the chair of Fig. 26;

[0057] Fig. 29 is a partial perspective view of the chair of Fig. 26;

[0058] Fig. 30 is a partial back view of another chair, according to some

embodiments of the present disclosure; and

[0059] Fig. 31 is a partial lower front perspective view of yet another chair,

according to some embodiments of the present disclosure.

[0060] It should be understood that the drawings are intended facilitate

understanding of exemplary embodiments of the present invention are not necessarily to

scale.

DETAILED DESCRIPTION

[0061] The following description refers to the accompanying drawings which

show specific embodiments. Although specific embodiments are shown and described, it

is to be understood that additional or alternative features are employed in other

embodiments. The following detailed description is not to be taken in a limiting sense,

and the scope of the claimed invention is defined by the appended claims and their

equivalents.

[0062] It should be understood that like reference numerals are intended to identify

the same structural components, elements, portions, or surfaces consistently throughout



the several drawing figures, as such components, elements, portions, or surfaces may be

further described or explained by the entire written specification, of which this detailed

description is an integral part. Unless otherwise indicated, the drawings are intended to be

read (for example, cross-hatching, arrangement of parts, proportion, degree, etc.) together

with the specification, and are to be considered a portion of the written description.

[0063] Generally, chairs according to some embodiments of the present disclosure

include conformable back and/or seat surfaces (for example, formed by meshes, thin and

flexible polymers, thermoplastics, and the like) that are supported by a flexible frame. The

flexible frame is structured in a manner that facilitates both substantially independent and

simultaneous movement of different portions thereof and the conformable back and/or seat

surfaces (for example, the comers of the back and/or the seat) when an occupant applies

certain forces to the flexible frame (for example, by sitting in certain postures, changing

postures, or stretching). The flexible frame is coupled to a support spine via a resistance

assembly. The resistance assembly urges the flexible frame to resist movement, and

thereby stores energy, when the occupant applies certain forces to the flexible frame. As a

result, the resistance assembly causes the flexible frame to bear against, and thereby

support, the occupant in various postures and during various movements.

[0064] More specifically, chairs according to some embodiments of the present

disclosure provide stable support for the occupant's pelvis in various seated postures and

facilitate comfortable movement of the occupant's limbs and spine (for example,

associated with changing seated postures, performing office tasks, stretching, and the like).

This in turn facilitates occupant productivity. Chairs according to some embodiments of

the present disclosure provide support for the occupant's pelvis in a seated anterior

position and maintain healthy lumbar curvature, and permit lateral tilt of the occupant's

pelvis to minimize lateral curvature of lower spine when leaning or reaching. Chairs

according to some embodiments of the present disclosure provide support for the

occupant's pelvis in various positions of the occupant's legs, including standard seating

posture (that is, hips flexed and knees flexed to 90 degrees), legs out (that is, hips flexed,

knees extended, and heels resting on the ground), legs crossed (that is, hips adducted and

laterally rotated), and feet under the seat (that is, hips flexed and knees flexed greater than

90 degrees). Chairs according to some embodiments of the present disclosure facilitate

comfortable task-related movements and stretching, including leaning to reach forward,

leaning to reach laterally, leaning to reach laterally and rearward, and moving to a position



with the hands behind head with the elbows out and back (that is, shoulders abducted with

extension and lateral rotation).

[0065] Figs. 1- 16B illustrate a chair 100 according to some embodiments of the

present disclosure. Generally, the chair 100 includes a base 102 that is configured to

engage the ground. The base 102 carries a support spine 104, a seat assembly 106, and a

resistance assembly 108 that couples the support spine 104 to the seat assembly 106. The

resistance assembly 108 and the seat assembly 106 also facilitate both substantially

independent and simultaneous rotation of portions of the seat assembly 106 relative to the

support spine 104 to accommodate various occupant postures and movements, such as

those described above. These components and aspects of the chair 100 are described in

further detail below.

[0066] Referring specifically to Figs. 1-4 and 7-9, the base 102 may include

various materials that are appropriate for carrying the weight of an occupant, such as

metals, polymers, or the like. The base 102 may be adjustable in a height direction

relative to the ground to facilitate adjusting the position of the seat assembly 106, the

resistance assembly 108, and the support spine 104 above the ground. The base 102

includes ground-engaging legs 110, and, as shown in the figures, the legs 110 may include

casters 112 to facilitate movement of the chair 100 across the ground. In other

embodiments, the legs 110 may lack casters 112. In some embodiments, the base 102 may

facilitate rotation of some portions thereof, the support spine 104, the seat assembly 106,

and the resistance assembly 108 relative to the legs 110 about a substantially vertical axis.

In some embodiments and as shown in the figures, the base 102 further includes arm rests

114, which may be adjustable in the height direction relative to the ground. In other

embodiments, the base 102 may lack arm rests 114.

[0067] Referring specifically to Figs. 1-6, the support spine 104 generally includes

a back portion 116 that is disposed rearwardly and below the seat assembly 106 and a seat

portion 118 that is disposed below the seat assembly 106. As shown in the figures, the

back portion 116 and the seat portion 118 could be separately formed and fixedly coupled

to the base 102 (for example, via fasteners, welding, or the like). In other embodiments,

the back portion 116 and the seat portion 118 are monolithically formed with each other

and fixedly coupled to the base 102, or one or both of the back portion 116 and the seat

portion 118 are monolithically formed with the base 102.



[0068] The back portion 116 of the support spine 104 may include various

materials, such as metals, polymers, or the like. The back portion 116 of the support spine

104 may include various shapes. For example and as shown in Figs. 1-4, the back portion

116 of the support spine 104 may have a dog legged shape as viewed from the sides (for

example, as shown in Figs. 1 and 4) and a rectangular cross-sectional shape. As another

example and as shown in Figs. 5 and 6, the back portion 116 of the support spine 104 may

have a dog legged shape as viewed from the sides and a T-shaped cross-section.

[0069] The seat portion 118 of the support spine 104, like the back portion 116,

may include various materials, such as metals, polymers, or the like. The seat portion 118

of the support spine 104 may include various shapes. For example and as shown in Figs.

1, 4, and 12, the seat portion 118 of the support spine 104 may have a plurality of flat

plates 120 near the front of the seat assembly 106 and a U-shaped bracket 122 (see Fig.

12) near the back of the seat assembly 106.

[0070] Referring again to Figs. 1-6, the seat assembly 106 generally includes a

back 124 that engages the back of the occupant and a seat 126 that engages the legs of the

occupant. The back 124 includes a first flexible frame 128 that may include various

materials, such as metals, polymers, or the like. The first flexible frame 128 defines the

perimeter of the back 124 and carries a first conformable panel 130 (for example, formed

by a mesh, a flexible polymer, or the like). The first conformable panel 130 obscures the

interior of the first flexible frame 128 and provides a back surface for engaging the back of

the occupant. The first flexible frame 128 includes several elements that define the

perimeter thereof. Specifically, the first flexible frame 128 includes a static element 132

that is fixedly coupled to the support spine 104 (for example, via fasteners 134, as shown

in the figures, welding, or the like). The static element 132 couples (for example,

monolithically couples) to a left upright element 136, also referred to as a first frame

element. The left upright element 136 couples (for example, monolithically couples) to an

upper element 138, also referred to as a second frame element, at a first or left corner 140.

The upper element 138 couples (for example, monolithically couples) to a right upright

element 142, also referred to as a third frame element, at a second or right corner 144. The

right upright element 142 couples (for example, monolithically couples) to the static

element 132 opposite the left upright element 136.

[0071] The shapes of the upright elements, the upper element 138, and the corners

140 and 144 may vary from those shown in the figures. For example, one or more of the



upright elements 136 and 142, the upper element 138, and the corners 140 and 144 may

have more of a curved shape as viewed from the front and back of the chair 100 (see Figs.

2 and 3) to provide the seat 126 with more of a curved appearance as viewed from the

front and back of the chair 100. As another example, one or more of the upright elements

136 and 142, the upper element 138, and the comers 140 and 144 may have straight

shapes as viewed from the front and back of the chair 100 to provide the seat 126 with a

rectangular appearance as viewed from the front and back of the chair 100.

[0072] The upright elements 136 and 142 and the upper element 138 include

several elements that facilitate flexibility of the first flexible frame 128. Specifically and

as shown most clearly in Fig. 3, the left upright element 136 includes a first flexible

section 146 (disposed, for example, near the static element 132), the upper element 138

includes a second flexible section 148 (disposed, for example, between the first comer 140

and the second corner 144), and the right upright element 142 includes a third flexible

section 150 (disposed, for example, near the static element 132). The flexible sections

146, 148, and 150 have relatively low bending stiffnesses compared to the bending

stiffnesses of adjacent sections of the first flexible frame 128. More specifically, these

bending stiffnesses are with respect to transverse axes that are perpendicular to the

longitudinal directions of the elements and lying in a general "plane" defined by the seat

126. The flexible sections 146, 148, and 150 could be between 20% and 80% as stiff as

the adjacent sections of the first flexible frame 128. Or more particularly the flexible

sections 146, 148, and 150 could be between 40% and 60% as stiff or more particularly

50% as stiff as the adjacent sections of the first flexible frame 128. The flexible sections

146, 148, and 150 may have relatively low bending stiffnesses compared to adjacent

sections of the first flexible frame 128 by being formed by relatively flexible materials

and/or having cross sections with relatively small areas. For example and as shown in

Figs. 5 and 6, the second flexible section 148 has the same cross-sectional shape as

adjacent sections of the first flexible frame 128, but a smaller area. As another example

and as shown in Fig. 3, the first and third flexible sections 146 and 150 include cavities

152 that provide the sections with smaller cross-sectional areas than adjacent sections of

the first flexible frame 128.

[0073] Referring specifically to Figs. 1 and 2, the flexible sections 146, 148, and

150 together define axes of rotation for the first flexible frame 128 and the first

conformable panel 130. More specifically, the first flexible section 146 and the second



flexible section 148 together define, and are both intersected by, a first axis of rotation

154. The first axis of rotation 154 is disposed at a first acute angle relative to the sagittal

plane 156 of the chair 100 (that is, a plane bisecting the chair 100 and dividing the chair

100 into a left side and a right side). As such, the first axis of rotation 154 is also referred

to as a "diagonal" axis. Portions of the back 124 on a first side of the first axis 154 may

substantially independently move relative to portions of the back 124 on a second side of

the first axis 154. More specifically, the first corner 140 may rotate about the first axis

154 while the second comer 144 remains substantially stationary or moves in a forward

direction relative to the support spine 104 to help maintain contact with a back of a user,

for example (see, e.g., Figs. 8 and 9) (as used herein, the terms "substantially independent

movement," "substantially stationary", and variations thereof indicate that any incidental

movement of a stationary component is less than 10 percent of the movement of a moving

component). This may occur, for example, if the occupant applies a force at or near the

first comer 140 and does not apply a force at or near the second corner 144.

[0074] The second flexible section 148 and the third flexible section 150 together

define, and are both intersected by, a second axis of rotation 158. The second axis of

rotation 158 is disposed at a second acute angle relative to the sagittal plane 156 of the

chair 100. As such, the second axis of rotation 158 is also referred to as a "diagonal" axis.

Portions of the back 124 on a first side of the second axis 158 may substantially

independently move relative to portions of the back 124 on a second side of the second

axis 158. More specifically, the second comer 144 may rotate backward about the second

axis 158 while the first corner 140 remains substantially stationary or moves in a forward

direction relative to the support spine 104 to help maintain contact with a back of a user,

for example (see, e.g., Figs. 8 and 9). This may occur, for example, if the occupant applies

a force at or near the second corner 144 and does not apply a force at or near the first

corner 140.

[0075] The first flexible section 146 and the third flexible section 150 together

define, and are both intersected by, a third axis of rotation 160. The third axis of rotation

160 is substantially perpendicular to the sagittal plane 156 of the chair 100 (that is,

perpendicular within 10 degrees). As such, the third axis of rotation 160 is also referred to

as a "horizontal" axis. Portions of the back 124 on a first side of the third axis 160 may

substantially independently move relative to portions of the back 124 on a second side of

the third axis 160. More specifically, the first comer 140 and the second corner 144 may



rotate about the third axis 160 while portions of the back 124 near the seat 126 remain

substantially stationary relative to the support spine 104. This may occur, for example, if

the occupant applies forces at or near the first comer 140 and the second comer 144, or if

the occupant applies a force at or near the second flexible section 148.

[0076] In some situations, portions of the back 124 may simultaneously rotate

about the first axis 154, the second axis 158, and/or the third axis 160 relative to other

portions of the back 124 depending on the locations and magnitudes of forces applied to

the back 124.

[0077] Referring again to Figs. 1-6 and as described briefly above, the resistance

assembly 108 urges the flexible frame 128 to resist movement, and thereby stores energy,

when the occupant applies certain forces to the flexible frame 128. As a result, the

resistance assembly 108 causes the flexible frame 128 to bear against, and thereby support,

the occupant in various postures and during various movements.

[0078] The resistance assembly 108 generally includes an upper portion 162 that

couples the back 124 to the back portion 116 of the support spine 104 and a lower portion

164 that couples the seat 126 to the seat portion 118 of the support spine 104. Referring

specifically to Figs. 5 and 6, the upper portion 162 of the resistance assembly 108

generally includes a left portion 166 that couples the support spine 104 to the back 124 at

or near the first comer 140 and a right portion 168 that couples the support spine 104 to

the back 124 at or near the second comer 144. In some embodiments, the left portion 166

applies forces to the back 124 in a direction that is substantially perpendicular to the first

axis 154 (that is, perpendicular within 10 degrees), and the right portion 168 applies forces

to the back 124 in a direction that is substantially perpendicular to the second axis 158

(that is, perpendicular within 10 degrees). In some embodiments, the left portion 166 and

the right portion 168 are configured to apply forces to the back 124 independently of each

other.

[0079] The left portion 166 and the right portion 168 of the upper portion 162 of

the resistance assembly 108 may have various structures. Referring first to the left portion

166, in some embodiments and as shown in the figures, a rod 170 is fixedly coupled to the

back portion 116 of the support spine 104 (for example, via welding, fasteners, or the

like). The rod 170 may extend substantially perpendicularly relative to the sagittal plane

156 (that is, perpendicularly within 10 degrees). The rod 170 carries a compression spring

172, and the compression spring 172 is compressible between the support spine 104 and a



first slider 174 that is translatably carried by the rod 170. The slider 174 pivotably couples

to a first connecting link 176 (for example, via a three-degree-of-freedom joint, such as a

ball and socket joint 178). The connecting link 176 may extend substantially

perpendicularly relative to the first axis 154 (that is, perpendicularly within 10 degrees).

The connecting link 176 fixedly couples to a bracket 180 (for example, via a fastener 182,

welding, or the like), and the bracket 180 fixedly couples to the flexible frame 128 at or

near the first corner 140 (for example, via one or more fasteners 184, welding, or the like).

These components may include various materials, such as metals, polymers, or the like.

[0080] In some embodiments and as shown in the figures, the right portion 168 of

the upper portion 162 of the resistance assembly 108 is a mirror image of the left portion

166 (over the sagittal plane 156). That is, the right portion 168 includes a rod 186 that is

fixedly coupled to the back portion 116 of the support spine 104 (for example, via

welding, fasteners, or the like). The rod 186 may extend substantially perpendicularly

relative to the sagittal plane 156 (that is, perpendicularly within 10 degrees). The rod 186

carries a compression spring 188, and the compression spring 188 is compressible between

the support spine 104 and a second slider 190 that is translatably carried by the rod 186.

The slider 190 pivotably couples to a second connecting link 192 (for example, via a

three-degree-of-freedom joint, such as a ball and socket joint 194). The connecting link

192 may extend substantially perpendicularly relative to the second axis 158 (that is,

perpendicularly within 10 degrees). The connecting link 192 fixedly couples to a bracket

196 (for example, via a fastener 198, welding, or the like), and the bracket 196 fixedly

couples to the flexible frame at or near the second corner 144 (for example, via one or

more fasteners 200, welding, or the like). These components may include various

materials, such as metals, polymers, or the like.

[0081] The resistance provided by the left portion 166 and the right portion 168

against the back 124 is a function of, and can be modified by varying one or more of the

following parameters: (1) the spring constant of the compression springs 172 and 188; (2)

the preload, if any, carried by the compression springs 172 and 188; (3) the angle of the

rods 170 and 186 relative to the sagittal plane 156; (4) the position of the three-degree-of-

freedom joints 178 and 194 on the sliders 174 and 190; (5) the angle of the connecting

links 176 and 192 relative to the rods 170 and 186; and (6) the dimensions of the

components.



[0082] Figs. 7-1 1 illustrate examples of how the first flexible frame 128 facilitates

both substantially independent and simultaneous movement of different portions thereof

and how the upper portion 162 of the resistance assembly 108 causes the first flexible

frame 128 to bear against the occupant in various postures and during various movements.

More specifically, Fig. 7 illustrates the occupant seated in an upright posture (that is,

without applying forces to the back 124). Fig. 8 illustrates the occupant leaning laterally

to the left and applying a force to the first comer 140 of the back 124 with the left

shoulder. As a result, the first corner 140 has moved while the second corner 144 moved

in a forward direction relative to the support spine 104 to help maintain contact with a

back of a user, for example. Fig. 9 illustrates the occupant leaning laterally to the right

and applying a force to the second comer 144 of the back 124 with the right shoulder. As

a result, the second corner 144 has moved while the first comer 140 has moved in a

forward direction relative to the support spine 104 to help maintain contact with a back of

a user, for example. Fig. 10 illustrates the occupant seated in a reclined posture and

applying forces to both the first corner 140 and the second corner 144 of the back 124. As

a result, both the first corner 140 and the second corner 144 have moved relative to the

support spine 104. Fig. 11 illustrates the occupant seated in a posture with the shoulders

abducted and applying forces to both the first corner 140 and the second corner 144 of the

back 124. As a result, both the first comer 140 and the second corner 144 have moved

relative to the support spine 104.

[0083] Referring again to Figs. 1-4 and also Fig. 12, the seat 126 of the seat

assembly 106 includes a second flexible frame 202 that may include various materials,

such as metals, polymers, or the like. The second flexible frame 202 defines the perimeter

of the seat 126 and carries a second conformable panel 204 (for example, formed by a

mesh, a flexible polymer, or the like). The second conformable panel 204 obscures the

interior of the second flexible frame 202 and provides a seat surface for engaging the legs

of the occupant. The second flexible frame 202 includes several elements that define the

perimeter thereof. Specifically, the second flexible frame 202 includes a static element

206 that is either pivotally (e.g., via a one-degree-of-freedom joint) or fixedly coupled to

the U-shaped bracket 122 of the support spine 104 (for example, via fasteners 208, as

shown in the figures, welding, or the like). In some examples, the one-degree-of-freedom

joint is pinned joint. In other examples, the one-degree-of-freedom joint is formed by a

flexible coupling (e.g., a resilient polymeric joint designed to flex under sufficient



torsional load). Examples of such resilient polymeric or metallic joints include a U-

shaped piece of material configured to close and open in response to loading, or what

would more commonly be referred to as a U-shaped leaf spring.

[0084] The static element 206 couples (for example, monolithically couples) to a

left side element 210 (see Fig. 4), also referred to as a first frame element. The left side

element 210 couples (for example, monolithically couples) to a front element 212, also

referred to as a second frame element, at a first or left corner 214. The front element 212

couples (for example, monolithically couples) to a right side element 216 (see Fig. 1), also

referred to as a third frame element, at a second or right comer 218. The right side

element 216 couples (for example, monolithically couples) to the static element 206

opposite the left side element 210.

[0085] The shapes of the side elements 210 and 216, the front element 212, and the

corners 214 and 218 may vary from those shown in the figures. For example, one or more

of the side elements 210 and 216, the front element 212, and the corners 214 and 218 may

have more of a curved shape as viewed from the top of the chair 100 to provide the seat

126 with more of a curved appearance as viewed from the top of the chair 100. As another

example, one or more of the side elements 210 and 216, the front element 212, and the

corners 214 and 218 may have straight shapes as viewed from the top of the chair 100 to

provide the seat 126 with a rectangular appearance as viewed from the top of the chair

100.

[0086] Referring specifically to Figs. 1, 4 and 12, the side elements 210 and 216

and the front element 212 include several elements that facilitate flexibility of the second

flexible frame 202. Specifically, the left side element 210 includes a first flexible section

220 (disposed, for example, near the static element 206), the front element 212 includes a

second flexible section 222 (disposed, for example, between the first corner 214 and the

second corner 218), and the right side element 216 includes a third flexible section 224

(disposed, for example, near the static element 206). The flexible sections 220, 222, and

224 have relatively low bending stiffnesses compared to the bending stiffnesses of

adjacent sections of the second flexible frame 202. More specifically, these bending

stiffnesses are with respect to transverse axes that are perpendicular to the longitudinal

directions of the elements and lying in a general "plane" defined by the seat 126. The

flexible sections 220, 222, and 224 could be between 20% and 80% as stiff as the adjacent

sections of the second flexible frame 202. Or more particularly the flexible sections 220,



222, and 224 could be between 40% and 60% as stiff or more particularly 50% as stiff as

the adjacent sections of the second flexible frame 202. The flexible sections 220, 222, and

224 may have relatively low bending stiffnesses compared to adjacent sections of the

second flexible frame 202 by being formed by relatively flexible materials and/or having

cross sections with relatively small areas.

[0087] Referring specifically to Fig. 2, the flexible sections 220, 222, and 224

together define axes of rotation for the second flexible frame 202 and the second

conformable panel 204. More specifically, the first flexible section 220 and the second

flexible section 222 together define, and are both intersected by, a first axis of rotation

228. The first axis of rotation 228 is disposed at a first acute angle relative to the sagittal

plane 156 of the chair 100. As such, the first axis of rotation 228 is also referred to as a

"diagonal" axis. Portions of the seat 126 on a first side of the first axis 228 may

substantially independently move relative to portions of the seat 126 on a second side of

the first axis 228. More specifically, the first corner 214 may rotate about the first axis

228 while the second comer 2 18 remains substantially stationary or moves in an upward

direction relative to help maintain contact with a bottom of a user, for example. This may

occur, for example, if the occupant applies a force at or near the first comer 214 and does

not apply a force at or near the second corner 2 18 .

[0088] The second flexible section 222 and the third flexible section 224 together

define, and are both intersected by, a second axis of rotation 230. The second axis of

rotation 230 is disposed at a second acute angle relative to the sagittal plane 156 of the

chair 100. As such, the second axis of rotation 230 is also referred to as a "diagonal" axis.

Portions of the seat 126 on a first side of the second axis 230 may substantially

independently move relative to portions of the seat 126 on a second side of the second axis

230. More specifically, the second comer 2 18 may rotate about the second axis 230 while

the first corner 214 remains substantially stationary or moves in an upward direction to

help maintain contact with a bottom of a user, for example. This may occur, for example,

if the occupant applies a force at or near the second comer 2 18 and does not apply a force

at or near the first corner 214.

[0089] The first flexible section 220 and the third flexible section 224 together

define, and are both intersected by, a third axis of rotation 232. The third axis of rotation

232 is substantially perpendicular to the sagittal plane 156 of the chair 100 (that is,

perpendicular within 10 degrees). As such, the third axis of rotation 232 is also referred to



as a "horizontal" axis. Portions of the seat 126 on a first side of the third axis 232 may

substantially independently move relative to portions of the seat 126 on a second side of

the third axis 232. More specifically, the first comer 214 and the second comer 2 18 may

rotate about the third axis 232 while portions of the seat 126 near the back 124 remain

substantially stationary relative to the support spine 104. This may occur, for example, if

the occupant applies forces at or near the first comer 214 and the second comer 2 18, or if

the occupant applies a force at or near the second flexible section 222.

[0090] In some situations, portions of the seat 126 may simultaneously rotate

about the first axis 228, the second axis 230, and/or the third axis 232 relative to other

portions of the seat 126 depending on the locations and magnitudes of forces applied to the

seat 126.

[0091] Referring now to Figs. 1-4 and 12, the lower portion 164 of the resistance

assembly 108 couples the seat 126 to the seat portion 118 of the support spine 104. The

lower portion 164 generally includes a left portion 234 that couples the support spine 104

to the seat 126 at or near the first comer 214 and a right portion 236 that couples the

support spine 104 to the seat 126 at or near the second comer 2 18 . In some embodiments,

the left portion 234 applies forces to the seat 126 in a direction that is substantially

perpendicular to the first axis 228 (that is, perpendicular within 10 degrees), and the right

portion 236 applies forces to the seat 126 in a direction that is substantially perpendicular

to the second axis 230 (that is, perpendicular within 10 degrees). In some embodiments,

the left portion 234 and the right portion 236 are configured to apply forces to the seat 126

independently of each other.

[0092] The left portion 234 and the right portion 236 of the lower portion 164 of

the resistance assembly 108 may have various structures, and one or both may be similar

to the left portion 166 and the right portion 168 of the upper portion 162 of the resistance

assembly 108, respectively. Referring specifically to Fig. 12 and first to the left portion

234, in some embodiments, a rod 238 is fixedly coupled to the seat portion 118 of the

support spine 104 (for example, via welding, fasteners, or the like). The rod 238 may

extend substantially perpendicularly relative to the sagittal plane 156 (that is,

perpendicularly within 10 degrees). The rod 238 carries a compression spring 240, and

the compression spring 240 is compressible between the support spine 104 and a first

slider 242 that is translatably carried by the rod 238. The slider 242 pivotably couples to a

first connecting link 244 (for example, via a three-degree-of-freedom joint, such as a ball



and socket joint 246). The connecting link 244 may extend substantially perpendicularly

relative to the first axis 228 (that is, perpendicularly within 10 degrees). The connecting

link 244 fixedly couples to a bracket 248 (for example, via a fastener, welding, or the

like), and the bracket 248 fixedly couples to the flexible frame at or near the first corner

214 (for example, via one or more fasteners, welding, or the like). These components may

include various materials, such as metals, polymers, or the like.

[0093] In some embodiments and as shown in the figures, the right portion 236 of

the lower portion 164 of the resistance assembly 108 is a mirror image of the left portion

234 (over the sagittal plane 156). That is, the right portion 236 includes a rod 250 that is

fixedly coupled to the seat portion 118 of the support spine 104 (for example, via welding,

fasteners, or the like). The rod 250 may extend substantially perpendicularly relative to

the sagittal plane 156 (that is, perpendicularly within 10 degrees). The rod 250 carries a

compression spring 252, and the compression spring 252 is compressible between the

support spine 104 and a first slider 254 that is translatably carried by the rod 250. The

slider 254 pivotably couples to a second connecting link 256 (for example, via a three-

degree-of-freedom joint, such as a ball and socket joint 258). The connecting link 256

may extend substantially perpendicularly relative to the second axis 230 (that is,

perpendicularly within 10 degrees). The connecting link 256 fixedly couples to a bracket

260 (for example, via a fastener, welding, or the like), and the bracket 260 fixedly couples

to the flexible frame at or near the second corner 218 (for example, via one or more

fasteners, welding, or the like). These components may include various materials, such as

metals, polymers, or the like.

[0094] The resistance provided by the left portion 234 and the right portion 236

against the seat 126 is a function of, and can be modified by varying one or more of, the

following parameters: (1) the spring constant of the compression springs 240 and 252; (2)

the preload, if any, carried by the compression springs 240 and 252; (3) the angle of the

rods 238 and 250 relative to the sagittal plane 156; (4) the position of the three-degree-of-

freedom joints 246 and 258 on the sliders 242 and 254; (5) the vertical position of the a

three-degree-of-freedom joint 246 and 258 (e.g., relative to the slider 254 or the bracket

260 and its counterpart) (5) the angle of the connecting links 244 and 256 relative to the

rods 238 and 250; and (6) the dimensions of the components.

[0095] Figs. 13A-16B illustrate examples of how the second flexible frame 202

facilitates both substantially independent and simultaneous movement of different portions



thereof and how the lower portion 164 of the resistance assembly 108 causes the second

flexible frame 202 to bear against the occupant in various postures and during various

movements. More specifically, Figs. 13A and 13B illustrate the occupant seated in a

standard seating posture (that is, hips flexed and knees flexed to 90 degrees) and without

applying to the seat 126. Figs. 14A and 14B illustrate the occupant seated in a posture

with both legs lowered relative to the standard seating position and applying forces to both

the first corner 214 and the second comer 2 18 of the seat 126. As a result, both the first

comer 214 and the second comer 2 18 have moved relative to the support spine 104. Figs.

15A and 15B illustrates the occupant seated in a posture with the right leg lowered relative

to the standard seating position. As shown, the second comer 2 18 has moved while the

first comer 214 has remained substantially stationary relative to the support spine 104.

Figs. 16A and 16B illustrates the occupant seated in a posture with the left leg lowered

relative to the standard seating position. As shown, the first comer 214 has moved while

the second comer 2 18 has remained substantially stationary relative to the support spine

104, although the second comer 2 18 may move upwardly if the user's hips rotate

sufficiently, for example, to help maintain contact with the bottom of the user.

[0096] In some embodiments, the chair 100 includes a cover that obscures one or

more components of the resistance assembly 108. As a specific example and as shown in

Fig. 6, the chair 100 may include a cover 262 that obscures the rods 170 and 186, the

compression springs 172 and 188, and the sliders 174 and 190.

[0097] Figs. 17-21 illustrate another chair 300 according to some embodiments of

the present disclosure. Generally, the chair 300 includes a base 302 and a seat assembly

306, which may be the same as or similar to the base 102 and the seat assembly 106

described above, respectively. The chair 300 also includes a support spine 304, which

may be the same as or similar to the support spine 104 described above, except that a back

portion 316 of the support spine 304 may be relatively short compared to the back portion

116 described above. Additionally, the chair 300 includes a resistance assembly 308 that

causes the flexible frame 328 to bear against, and thereby support, the occupant in various

postures and during various movements as described above. The resistance assembly 308

includes several different components than the resistance assembly 108 described above.

[0098] Still referring to Figs. 17-21 , an upper portion 362 of the resistance

assembly 308 generally includes a mounting 363 that fixedly couples to the support spine

304 (for example, via fasteners 365 or the like). The mounting 363 couples to a left



portion 366 that couples the support spine 304 to the seat assembly 306 at or near the first

corner 340 and a right portion 368 that couples the support spine 304 to the seat assembly

306 at or near the second corner 344. In some embodiments, the left portion 366 and the

right portion 368 are configured to apply forces to the back 324 independently of each

other.

[0099] Referring first to the left portion 366, a first leaf spring 370 is fixedly

coupled to the mounting 363. The leaf spring 370 flexes toward the second corner 344

when a force is applied to the first corner 340 (see, for example, Fig. 20). In some

embodiments and as shown in the figures, the leaf spring 370 extends in a generally

vertical direction, or in a direction parallel to the general plane of the back 324. In some

embodiments and as shown in the figures, the leaf spring 370 may have a generally

uniform cross-sectional shape (for example, an oval shape). In some embodiments, the

leaf spring 370 has a bending stiffness of 50% or less than a bending stiffness of the

flexible frame 328. Such a bending stiffness of the leaf spring 370 is with respect to a

transverse axis that is perpendicular to the longitudinal direction of the leaf spring 370 and

lying in the general plane defined by the back 324. As described in further detail below,

the bending stiffness of the leaf spring 370 may be adjustable. The leaf spring 370

pivotably couples to a first connecting link 372 (for example, via a three-degree-of-

freedom joint, such as a ball and socket joint 374). The connecting link 372 may extend

substantially perpendicularly relative to the first axis 354 of the back 324 (see Fig. 17; that

is, perpendicularly within 10 degrees). The connecting link 372 fixedly couples to a

bracket 376 (for example, via a fastener 378, welding, or the like), and the bracket 376

fixedly couples to the flexible frame 328 at or near the first corner 340 (for example, via

one or more fasteners 380, welding, or the like). These components may include various

materials, such as metals, polymers, or the like.

[00100] In some embodiments and as shown in the figures, the right portion 368 of

the upper portion 362 of the resistance assembly 308 is a mirror image of the left portion

366. That is, the right portion 368 includes a second leaf spring 382 that is fixedly

coupled to the mounting 363. The leaf spring 382 flexes toward the first corner 340 when

a force is applied to the second corner 344 (see, for example, Fig. 19). In some

embodiments and as shown in the figures, the leaf spring 382 extends in a generally

vertical direction, or in a direction parallel to the general plane of the back 324. In some

embodiments and as shown in the figures, the leaf spring 382 may have a generally



uniform cross-sectional shape (for example, an oval shape). In some embodiments, the

leaf spring 382 has a bending stiffness of 50% or less than a bending stiffness of the

flexible frame 328.. Such a bending stiffness of the leaf spring 382 is with respect to a

transverse axis that is perpendicular to the longitudinal direction of the leaf spring 382 and

lying in the general plane defined by the back 324. As described in further detail below,

the bending stiffness of the leaf spring 382 may be adjustable. The leaf spring 382

pivotably couples to a second connecting link 384 (for example, via a three-degree-of-

freedom joint, such as a ball and socket joint 386). The connecting link 384 may extend

substantially perpendicularly relative to the second axis 358 of the back 324 (that is,

perpendicularly within 10 degrees). The connecting link 384 fixedly couples to a bracket

388 (for example, via a fastener 390, welding, or the like), and the bracket 388 fixedly

couples to the flexible frame 328 at or near the second corner 344 (for example, via one or

more fasteners 392, welding, or the like). These components may include various

materials, such as metals, steel, polymers, glass-filled polymers, or the like.

[00101] As described above, the leaf springs 370 and 382 may have adjustable

bending stiffnesses. To facilitate such adjustment, the leaf springs 370 and 382 may

together carry a stiffness adjustment component 394 that is translatable along the leaf

springs 370 and 382 in a generally vertical direction. Translation of the adjustment

component 394 along the leaf springs 370 and 382 varies the length of the leaf springs 370

and 382 that flexes in response to forces applied to the back 324, which in turn varies the

bending stiffnesses of the leaf springs 370 and 382. The adjustment component 394 may

include various materials, such as metals, polymers, or the like.

[00102] In some embodiments and as shown in the figures, the leaf springs 370 and

382 may together carry a compression spring 396 that provides additional resistance to

forces applied to the back 324.

[00103] Figs. 19-21 illustrate examples of how the flexible frame 328 facilitates

both substantially independent and simultaneous movement of different portions thereof.

More specifically, Fig. 19 illustrates a relatively small force being applied to the second

corner 344, similar to an occupant slightly leaning laterally to the right. As a result, the

second comer 344 has moved while the first corner 340 has remained substantially

stationary although the first corner 340 may move in a forward direction in such situations

according to some designs. Fig. 20 illustrates a relatively large force being applied to the

first corner 340, similar to an occupant leaning laterally to the left. As a result, the first



corner 340 has moved while the second comer 344 has moved forward relative to the

support spine 304, although the second comer 344 may remain substantially stationary

according to some designs. Fig. 2 1 illustrates relatively large forces being applied to the

first comer 340 and the second comer 344, similar to an occupant being seated in a

reclined posture. As a result, both the first comer 340 and the second comer 344 have

moved relative to the support spine 304.

[00104] In some embodiments, the resistance assembly 308 could additionally or

alternatively include a lower portion (not shown) having substantially the same or similar

components as the upper portion 362 for controlling movement of the seat 326.

[00105] Figs. 22-25 illustrate another chair 400 according to some embodiments of

the present disclosure. Generally, the chair 400 includes a base 402 and a seat assembly

406, which may be the same as or similar to the base 102 and the seat assembly 106

described above, respectively. The chair 400 also includes a support spine 404, which

may be the same as or similar to the support spine 104 described above, except that a back

portion 4 16 of the support spine 404 may be relatively short compared to the back portion

116 described above. Additionally, the chair 400 includes a resistance assembly 408 that

causes the flexible frame 428 to bear against, and thereby support, the occupant in various

postures and during various movements as described above. The resistance assembly 408

includes several different components than the resistance assembly 108 described above.

[00106] Still referring to Figs. 22-25, an upper portion 462 of the resistance

assembly 408 generally includes a left portion 466 that couples the support spine 404 to

the seat assembly 406 at or near the first comer 440 and a right portion 468 that couples

the support spine 404 to the seat assembly 406 at or near the second comer 444. In some

embodiments, the left portion 466 and the right portion 468 are configured to apply forces

to the back 424 independently of each other. The left portion 466 and the right portion

468 are generally defined by a first flexible arm 470 and a second flexible arm 472,

respectively. The first flexible arm 470 fixedly couples to the support spine 404 (for

example, via a fastener 474, welding, or the like) and the flexible frame 428 at or near the

first comer 440 (for example, via one or more fasteners 476, welding, or the like). The

second flexible arm 472 fixedly couples to the support spine 404 (for example, via a

fastener 478, welding, or the like) and the flexible frame 428 at or near the second comer

444 (for example, via one or more fasteners 480, welding, or the like). The first flexible

arm 470 and the second flexible arm 472 may be relatively thin and flat components



having general dog legged shapes as viewed from the front and the back 424 (see Figs. 23

and 24). The flexible arms 470 and 472 may together carry a stiffness adjustment

component 494 (e.g., similar to stiffness adjustment component 394) that is translatable

along the arms 470 and 472 in a generally vertical direction to adjust a stiffness of the

flexible arms 470 and 472 in use. The chair 400 optionally further includes a limiter 496,

or stop, that is optionally slidable vertically along the arms 470 and 472 and which may be

used as a secondary stiffener and/or to prevent further deflection beyond a desired limit.

For example, the limiter 496 optionally loosely receives the first and second arms 470 and

472 and, upon the arms 470 and 472 deflecting outwardly within the limiter 496 to the

boundary of the limiter 496, the first and second arms 470 and 472 exhibit a sharp increase

in stiffness or are simply prevented from further outward deflection.

[00107] The first flexible arm 470 may have a bending stiffness of 50% or less than

a bending stiffness of the flexible frame 428. Such a bending stiffness of the first flexible

arm 470 is with respect to the first axis 454 of the back 424. The second flexible arm 472

may have a bending stiffness of 50% or less than a bending stiffness of the flexible frame

428. Such a bending stiffness of the second flexible arm 472 is with respect to the second

axis 458 of the back 424.

[00108] In some embodiments, the resistance assembly 408 could additionally or

alternatively include a lower portion (not shown) having substantially the same or similar

components as the upper portion 462 for controlling movement of the seat 426.

[00109] Figs. 26-29 illustrate another chair 500 according to some embodiments of

the present disclosure. Generally, the chair 500 includes a base 502 and a seat assembly

506, which may be the same as or similar to the base 102 and the seat assembly 106

described above, respectively. The chair 500 also includes a support spine 504 (see Fig.

28), which may be the same as or similar to the support spine 104 described above, except

that a back portion 516 of the support spine 504 may be relatively short compared to the

back portion 116 described above. Additionally, the chair 500 includes a resistance

assembly 508 that causes the flexible frame 528 to bear against, and thereby support, the

occupant in various postures and during various movements as described above. The

resistance assembly 508 includes several different components than the resistance

assembly 108 described above.

[00110] An upper portion 562 of the resistance assembly 508 generally includes a

left portion 566 that couples the support spine 504 to the seat assembly 506 at or near the



first corner 540 and a right portion 568 that couples the support spine 504 to the seat

assembly 506 at or near the second corner 544. In some embodiments, the left portion 566

and the right portion 568 are configured to apply forces to the back 524 independently of

each other.

[00111] Referring first to the left portion 566, a substantially rigid mounting 570 is

fixedly coupled to the support spine 504 (for example, via fasteners, welding, or the like).

The substantially rigid mounting 570 fixedly couples to a first leaf spring 572 near the

support spine 504 (for example, via a fastener 574, welding, or the like). In some

embodiments and as shown in the figures, the leaf spring 572 extends in a generally

vertical direction, or in a direction parallel to the general plane of the back 524. In some

embodiments and as shown in the figures, the leaf spring 572 may have a generally

uniform cross-sectional shape (for example, an oval shape). In some embodiments, the

leaf spring 572 has a bending stiffness of 50% or less than a bending stiffness of the

flexible frame 528. Such a bending stiffness of the leaf spring 572 is with respect to a

transverse axis that is perpendicular to the longitudinal direction of the leaf spring 572 and

lying in the general plane defined by the back 524. As described in further detail below,

the bending stiffness of the leaf spring 572 may be adjustable. The substantially rigid

mounting 570 may have a cross-sectional shape (for example, an L-shaped cross section)

that permits the leaf spring 572 to flex toward the second corner 544 when a force is

applied to the first corner 540, but inhibit the leaf spring 572 from flexing toward the first

corner 540. The leaf spring 572 pivotably couples to a first connecting link 576 (for

example, via a one-degree-of-freedom pivot joint, such as joint formed by a fastener 578).

The connecting link 576 may have a dog legged shape. The connecting link 576 fixedly

couples to the flexible frame 528 at or near the first corner 540 (for example, via one or

more fasteners 580, welding, or the like). These components may include various

materials, such as metals, polymers, or the like.

[00112] In some embodiments and as shown in the figures, the right portion 568 of

the upper portion 562 of the resistance assembly 508 is a mirror image of the left portion

566. That is, the right portion 568 includes a substantially rigid mounting 582 that is

fixedly coupled to the support spine 504 (for example, via fasteners, welding, or the like).

The substantially rigid mounting 582 fixedly couples to a second leaf spring 584 near the

support spine 504 (for example, via a fastener 586, welding, or the like). In some

embodiments and as shown in the figures, the leaf spring 584 extends in a generally



vertical direction, or in a direction parallel to the general plane of the back 524. In some

embodiments and as shown in the figures, the leaf spring 584 may have a generally

uniform cross-sectional shape (for example, an oval shape). In some embodiments, the

leaf spring 584 has a bending stiffness of 50% or less than a bending stiffness of the

flexible frame 528. Such a bending stiffness of the leaf spring 584 is with respect to a

transverse axis that is perpendicular to the longitudinal direction of the leaf spring 584 and

lying in the general plane defined by the back 524. As described in further detail below,

the bending stiffness of the leaf spring 584 may be adjustable. The substantially rigid

mounting 582 may have a cross-sectional shape (for example, an L-shaped cross section)

that permits the leaf spring 584 to flex toward the first corner 540 when a force is applied

to the second comer 544, but inhibit the leaf spring 584 from flexing toward the second

comer 544. The leaf spring 584 pivotably couples to a second connecting link 588 (for

example, via a one-degree-of-freedom pivot joint, such as joint formed by a fastener 590).

The connecting link 588 may have a dog legged shape. The connecting link 588 fixedly

couples to the flexible frame 528 at or near the first comer 540 (for example, via one or

more fasteners 592, welding, or the like). These components may include various

materials, such as metals, polymers, or the like.

[00113] As described above, the leaf springs 572 and 584 may have adjustable

bending stiffnesses. To facilitate such adjustment, the leaf springs 572 and 584 may

together carry an adjustment component 594 that is translatable along the leaf springs 572

and 584 in a generally vertical direction. Translation of the adjustment component 594

along the leaf springs 572 and 584 varies the length of the leaf springs 572 and 584 that

flexes in response to forces applied to the back 524, which in turn varies the bending

stiffnesses of the leaf springs 572 and 584. The adjustment component 594 may include

various materials, such as metals, polymers, or the like.

[00114] In some embodiments, the resistance assembly 508 could additionally or

alternatively include a lower portion (not shown) having substantially the same or similar

components as the upper portion 562 for controlling movement of the seat 526.

[00115] Fig. 30 illustrates yet another chair 600 according to some embodiments of

the present disclosure. Generally, the chair 600 includes a base (not shown) and a seat

assembly 606, which may be the same as or similar to the base 102 and the seat assembly

106 described above, respectively. The chair 600 also includes a support spine (not

shown), which may be the same as or similar to the support spine 104 described above,



except that a back portion of the support spine (not shown) may be relatively short

compared to the back portion 116 described above. Additionally, the chair 600 includes a

resistance assembly 608 that causes the flexible frame 628 to bear against, and thereby

support, the occupant in various postures and during various movements as described

above. The resistance assembly 608 includes several different components than the

resistance assembly 108 described above.

[00116] An upper portion 662 of the resistance assembly 608 generally includes a

left portion (not shown) that couples the support spine to the seat assembly 606 at or near

the first comer (not shown) and a right portion 668 that couples the support spine to the

seat assembly 606 at or near the second corner 644. In some embodiments, the left portion

and the right portion 668 are configured to apply forces to the back 624 independently of

each other.

[00117] The right portion 668 includes a substantially rigid mounting 670 that is

fixedly coupled to the support spine (for example, via fasteners, welding, or the like). The

substantially rigid mounting 670 pivotably couples to a first connecting link 672 (for

example, via a three-degree-of-freedom joint, such as a ball and socket j oint 674). The

first connecting link 672 carries a compression spring 676 and a stop 678. The

compression spring 676 is compressed between the stop 678 and a second connecting link

680 that is translatably coupled to the first connecting link 672 (for example, by receiving

the first connecting link 672 in an internal chamber 682). As such, the compression spring

676 urges the second connecting link 680 to translate relative to the first connecting link

672. Opposite the first connecting link 672, the second connecting link 680 couples to the

flexible frame 628 at or near the second corner 644 (for example, monolithically, via one

or more fasteners, welding, or the like).

[00118] In some embodiments, the left portion of the upper portion 662 of the

resistance assembly 608 is a mirror image of the right portion 668. In some embodiments,

the resistance assembly 608 could additionally or alternatively include a lower portion (not

shown) having substantially the same or similar components as the upper portion 662 for

controlling movement of the seat (not shown).

[00119] Fig. 31 illustrates yet another chair 700 according to some embodiments of

the present disclosure. Generally, the chair 700 includes the same components as the chair

100 described above. Fig. 31 also illustrates alternative orientations of the rods 238 and

250 and the compression springs 240 and 252 that require different loads to displace one



or both of the corners 214 and 2 18 of the seat 126. Such orientations are in a transverse

plane that includes a central axis 748, which is horizontal and lies in the sagittal plane 156

(see Figs. 2 and 3). For the chair 700 (and the chair 100), the rod 238 and the compression

spring 240 are oriented in the direction represented by line 750, and the rod 250 and the

compression spring 252 are oriented in the direction represented by line 752 (that is,

perpendicular to the central axis 748). In other embodiments, the rod 238 and the

compression spring 240 are oriented in the direction represented by line 754, and the rod

250 and the compression spring 252 are oriented in the direction represented by line 756

(that is, extending forward in the transverse plane at a non-orthogonal, acute angle relative

to the central axis 748). In other embodiments, the rod 238 and the compression spring

240 are oriented in the direction represented by line 758, and the rod 250 and the

compression spring 252 are oriented in the direction represented by line 760 (that is,

parallel to the central axis 748).

[00120] When the springs are angled perpendicularly per 750, 752 the forces on the

springs are more apt to individually compress the springs corresponding to where the force

is applied. If the force is moved forward to the front edge of the seat the springs generally

resist deformation to a greater extent than if the force is applied more rearwardly of the

springs.

[00121] As the springs are angled more forward toward 754, 756 the springs are

less apt to react to forces on the sides, but proceeding forward to the edge of the seat the

springs become more reactive.

[00122] At 758, 760, the springs are least reactive when sitting back on seat and

more reactive when moving to the edge of the seat. As the springs are angled forward,

they become more responsive to forces applied to the edges of the seat.

[00123] Various modifications and additions can be made to the exemplary

embodiments discussed without departing from the scope of the present invention. For

example, while the embodiments described above refer to particular features, the scope of

this invention also includes embodiments having different combinations of features and

embodiments that do not include all of the above described features.



CLAIMS

The following is claimed:

1. A chair, comprising:

a support spine;

a seat assembly coupled to the support spine, the seat assembly comprising:

a flexible frame being movable relative to the support spine, the

flexible frame comprising a first frame element, a second frame

element coupled to the first frame element at a first comer, and a

third frame element coupled to the second frame element at a

second corner, the first comer and the second corner being

substantially independently movable relative to the support

spine;

a conformable panel coupled to the flexible frame and configured to

engage an occupant of the chair; and

a resistance assembly coupling the support spine to the flexible frame, the

resistance assembly bearing against the flexible frame to facilitate

substantially independent movement of the first corner and the second

corner relative to the support spine.

2 . The chair of claim 1, wherein the first frame element comprises a first flexible

section, the second frame element comprises a second flexible section, and the third frame

element comprises a third flexible section.

3 . The chair of claim 1, wherein the resistance assembly comprises a compression

spring.

4 . The chair of claim 3, wherein the resistance assembly further comprises:

a slider translatably coupled to the support spine, the slider being urged to

translate relative to the support spine by the compression spring; and



a connecting link pivotably coupled to the slider and coupled the flexible

frame.

5 . The chair of claim 3, wherein the resistance assembly further comprises:

a first connecting link pivotably coupled to the support spine; and

a second connecting link translatably coupled to the first connecting link

and coupled the flexible frame, the second connecting link being urged

to translate relative to the first connecting link by the compression

spring.

6 . The chair of claim 1, wherein the resistance assembly comprises a leaf spring.

7 . The chair of claim 6, wherein the resistance assembly further comprises a

connecting link pivotably coupled to the leaf spring and coupled to the flexible frame.

8 . The chair of claim 7, wherein the resistance assembly further comprises a stiffness

adjustment component movable along the leaf spring to facilitate adjustment of a bending

stiffness of the leaf spring.

9 . The chair of claim 1, wherein the resistance assembly comprises a flexible arm

having a dog legged shape.

10. The chair of claim 1, wherein the seat assembly comprises a back configured to

engage the back of the occupant, the back comprising the flexible frame and the

conformable panel.

11. The chair of claim 1, wherein the seat assembly comprises a seat configured to

engage the legs of the occupant, the seat comprising the flexible frame and the

conformable panel.



12. A chair, comprising:

a support spine;

a seat assembly coupled to the support spine, the seat assembly defining a

sagittal plane bisecting the chair and dividing the chair into a left side

and a right side, the seat assembly comprising:

a flexible frame being movable relative to the support spine;

a conformable panel coupled to the flexible frame and configured to

engage an occupant of the chair; and

a resistance assembly coupling the support spine to the flexible frame, the

resistance assembly bearing against the flexible frame to facilitate

rotation of the flexible frame and the conformable panel relative to the

support spine about an axis disposed at an acute angle relative to the

sagittal plane.

13. The chair of claim 12, wherein the axis is a first axis and the acute angle is a first

acute angle, and wherein the resistance assembly bears against the flexible frame to

facilitate rotation of the flexible frame and the conformable panel relative to the support

spine about a second axis disposed at a second acute angle relative to the sagittal plane.

14. The chair of claim 13, wherein the resistance assembly comprises:

a first connecting link pivotably coupled to the support spine and coupled

the flexible frame, the first connecting link facilitating rotation of the

flexible frame and the conformable panel relative to the support spine

about the first axis; and

a second connecting link pivotably coupled to the support spine and

coupled the flexible frame, the second connecting link facilitating

rotation of the flexible frame and the conformable panel relative to the

support spine about the second axis.



15. The chair of claim 14, wherein the resistance assembly further comprises:

a first slider translatably coupled to the support spine and pivotably coupled

to the first connecting link, the first slider and the first connecting link

facilitating rotation of the flexible frame and the conformable panel

relative to the support spine about the first axis; and

a second slider translatably coupled to the support spine and pivotably

coupled to the second connecting link, the second slider and the second

connecting link facilitating rotation of the flexible frame and the

conformable panel relative to the support spine about the second axis.

16. The chair of claim 13, wherein the resistance assembly comprises:

a first leaf spring coupled to the support spine and the flexible frame, the

first leaf spring facilitating rotation of the flexible frame and the

conformable panel relative to the support spine about the first axis; and

a second leaf spring coupled to the support spine and the flexible frame, the

second leaf spring facilitating rotation of the flexible frame and the

conformable panel relative to the support spine about the second axis.

17. The chair of claim 16, wherein the resistance assembly further comprises a

stiffness adjustment component movable along the first leaf spring and the second leaf

spring to facilitate adjustment of bending stiffnesses of the first leaf spring and the second

leaf spring.

18 . The chair of claim 16, wherein the resistance assembly further comprises:

a first connecting link coupled to the flexible frame and pivotably coupled

to the first leaf spring, the first connecting link and the first leaf spring

facilitating rotation of the flexible frame and the conformable panel

relative to the support spine about the first axis; and

a second connecting link coupled to the flexible frame and pivotably

coupled to the second leaf spring, the second connecting link and the



second leaf spring facilitating rotation of the flexible frame and the

conformable panel relative to the support spine about the second axis.

19. The chair of claim 13, wherein the resistance assembly comprises:

a first flexible arm coupled to the support spine and the flexible frame, the

first flexible arm having a dog legged shape, and the first flexible arm

facilitating rotation of the flexible frame and the conformable panel

relative to the support spine about the first axis; and

a second flexible arm coupled to the support spine and the flexible frame,

the second flexible arm having a dog legged shape, the second flexible

arm facilitating rotation of the flexible frame and the conformable

panel relative to the support spine about the second axis.

20. The chair of claim 13, wherein the resistance assembly and the flexible frame

facilitate rotation of the flexible frame and the conformable panel relative to the support

spine about a third axis, the third axis being substantially perpendicular to the sagittal

plane.
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