
SEATING STRUCTURE AND METHODS FOR THE USE THEREOF
[0001]This application claims the benefit of U.S.
Provisional Application        No. 60/898,421, filed
January 29, 2007, the entire disclosure of which is
5hereby incorporated herein by reference. FIELD OF
THE INVENTION [0002]The present invention relates
generally to seating structures, and in particular,
to a chair having unique kinematics, a body
supporting seat and 10back, and an adjustable seat
depth, and methods for using and/or adjusting the
chair, including without limitation one or more of
the seat and backrest. BACKGROUND 15[0003]Chairs of
the type typically used in offices and the like are
usually configured to allow tilting of the seat and
backrest as a unit, or to permit tilting of the
backrest relative to the seat. Typically, however,
the seat and back are not individually adjustable,
and are not individually articulated during tilting.
Such chairs therefore sometimes cannot be easily
adjusted or customized by 20the user to accommodate
the particular size, shape and/or desired posture of
the user. [0004]For example, the seat is typically
formed as a relatively rigid, or fixed component,
without any articulation between various
body-supporting portions of the seat. As such, when a
user tilts rearwardly in the chair, the user 25may
tend to slide forward in the seat, even when tilting
rearwardly. At the same time, any adjustment of the
depth of the seat, measured from the front leading
edge to the rear thereof, typically is provided by
moving the entirety of the rigid, unitary seat in a
fore-aft direction, which can lead to an unsightly
gap forming at the rear of the seat and can also form
a pinch point at that 30location. Moreover, such
chairs must provide for structure to allow the seat
to move relative to the backrest while at the same
time bearing the load of the seat and user. Moreover,
such chairs typically must employ an extra support 
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the seat to move thereon, for example, when the seat
and/or support member are integrated into the linkage
assembly. [0005]In typical tilt chairs, a static
angular position of the chair back relative to the
seat is typically fixed when the chair is in an
unloaded upright 5position, which may not be
particularly well suited for a wide range of users.
Moreover, the back is typically formed as a
relatively rigid, or fixed component, again without
any articulation between various portions of the
back. As such, the chair back does not allow the user
a full range of motion, precluding for example the
ability of the user to stretch or arch their back in
a 10concave contour. [0006)Tilt chairs normally
employ compression and/or tension springs, torsion
springs and/or torsion bars, or leaf springs to bias
the seat and back upwardly and to counterbalance the
rearward tilting of the user. The mechanisms used to
adjust the load on the spring(s), or the load
capability of 15the spring(s), typically are
complicated, and/or require multiple, excessive
rotations of a knob or other grippable member to
obtain the desired setting. Moreover, the chairs lack
any indicia for the user to determine the setting of
the return force of the spring before the user sits
or applies a load to the backrest. 20[0007]Moreover,
such tilt chairs often do not provide a balanced ride
throughout the range of tilting motion of the chair
Specifically, the restoring force or torque of the
chair, and in particular the spring, does not match
the force or torque applied by the user throughout
the tilting range. Although the applied force and
restoring force may balance out at a particular tilt
position, 25such balance does not typically occur
throughout the tilting/recline range. Moreover, such
balance typically cannot be achieved for a variety of
users having different weights and body sizes. As
such, the user must exert energy and/or apply an
external force to maintain the chair in a particular
location.  3 



SUMMARY [0008]The present inventions are defined by
the claims, and nothing in this section should be
read as a limitation on those claims. Rather, by way
of general introduction and briefly stated, various
preferred embodiments are described that relate to a
tiltable chair having an articulated seat and back,
an adjustable seat depth, various control mechanisms
and linkage assemblies, and methods for the use of
the various aspects. [0008a]According to the first
aspect, there is provided a seating structure
comprising: a base component; a first link pivotally
connected to said base component at a first
horizontal pivot axis; a second link pivotally
connected to said first link at a second horizontal
pivot axis spaced from said first pivot axis, wherein
said second link comprises a portion extending in a
longitudinal direction; a third link pivotally
connected to said second link at a third horizontal
pivot axis spaced from said second pivot axis in said
longitudinal direction, wherein said third link is
pivotally connected to said base component at a
fourth horizontal pivot axis spaced from said first
pivot axis, and wherein said third link comprises a
portion extending in said longitudinal direction; and
a seat having a front, thigh supporting region
coupled to said longitudinally extending portion of
said second link and a rear buttock supporting region
coupled to said longitudinally extending portion of
said third link, wherein said rear buttock supporting
region is spaced rearwardly from said thigh
supporting region in said longitudinal direction;
wherein said third link is pivotable in a first
direction relative to said second link about said
third pivot axis between an upright position and a
reclined position, wherein an upper surface of said
rear region of said seat forms an angle of greater
than 180 degrees relative to an upper surface of said
front region when said third link is in said reclined
position, and wherein said upper surface of said
front region is positioned in a first position when
said third link is in said upright position, and
wherein said upper surface of said front region is
positioned in a second position when said third link
is in said reclined position, wherein no portion of
said upper surface is positioned higher when said
upper surface is in said second position relative to
said first position. [0008b]According to the second
aspect, there is provided a seating structure
comprising: a base component; a first link pivotally
connected to said base component at  3a  a first
horizontal pivot axis; a second link pivotally
connected to said first link at a second horizontal
pivot axis spaced from said first pivot axis, wherein
said second link comprises a portion extending in a
longitudinal direction; a third link pivotally
connected to said second link at a third horizontal
pivot axis spaced from said second pivot axis in said
longitudinal direction, wherein said third link is
pivotally connected to said base component at a
fourth horizontal pivot axis spaced from said first
pivot axis, and wherein said third link comprises a
portion extending in said longitudinal direction; a
seat having a front, thigh supporting region coupled
to said longitudinally extending portion of said
second link and a rear buttock supporting region
coupled to said iongitudinally extending portion of
said third link, wherein said rear buttock supporting
region is spaced rearwardly from said thigh
supporting region in said longitudinal direction;
wherein said third link is pivotable in a first
direction relative to said second link about said
third pivot axis between an upright position and a
reclined position, wherein an upper surface of said
rear region of said seat forms an angle of greater
than 180 degrees relative to an upper surface of said
front region when said third link is in said reclined
position; and a backrest having a lower portion
non-pivotally coupled to at least one of said rear
region of said seat and said third link, and an upper
portion, and a back support member coupled to said
upper portion and pivotally connected to said base
component about a fifth horizontal pivot axis,
wherein said fourth and fifth pivot axes are
coincidental. [0008c]According to the third aspect,
there is provided a seating structure comprising: a
base component; a first link pivotally connected to
said base component at a first horizontal pivot axis;
a second link pivotally connected to said first link
at a second horizontal pivot axis spaced from said
first pivot axis, wherein said second link comprises
a portion extending in a longitudinal direction; a
third link pivotally connected to said second link at
a third horizontal pivot axis spaced from said second
pivot axis in said longitudinal direction, wherein
said third link is pivotally connected to said base
component at a fourth horizontal pivot axis spaced
from said first pivot axis, and wherein said third
link comprises a portion extending in said
longitudinal direction; a seat having a front, thigh
supporting region coupled to said longitudinally
extending portion of said second link and a rear
buttock supporting region coupled to said
longitudinally extending portion of said third link,
wherein said rear buttock supporting region is spaced
3b rearwardly from said thigh supporting region in
said longitudinal direction; wherein said third link
is pivotable in a first direction relative to said
second link about said third pivot axis between an
upright position and a reclined position, wherein an
upper surface of said rear region of said seat forms
an angle of greater than 180 degrees relative to an
upper surface of said front region when said third
link is in said reclined position; a backrest having
a lower portion non-pivotally coupled to at least one
of said rear region of said seat and said third link,
and an upper portion, and a back support member
coupled to said upper portion and pivotally connected
to said base component about a fifth horizontal pivot
axis; and a stop member positioned to limit the
pivotable movement of said third link in said first
direction, wherein said stop member is adjustably
moveable to limit said pivotable movement of said
third link in said first direction at a plurality of
reclined positions. [0008d]According to the fourth
aspect, there is provided a seating structure
comprising: a base component; a first link pivotally
connected to said base component at a first
horizontal pivot axis; a second link pivotally
connected to said first link at a second horizontal
pivot axis spaced from said first pivot axis, wherein
said second link comprises a portion extending in a
longitudinal direction; a third link pivotally
connected to said second link at a third horizontal
pivot axis spaced from said second pivot axis in said
longitudinal direction, wherein said third link is
pivotally connected to said base component at a
fourth horizontal pivot axis spaced from said first
pivot axis, and wherein said third link comprises a
portion extending in said longitudinal direction; a
seat having a front, thigh supporting region coupled
to said longitudinally extending portion of said
second link and a rear buttock supporting region
coupled to said longitudinally extending portion of
said third link, wherein said rear buttock supporting
region is spaced rearwardly from said thigh
supporting region in said longitudinal direction;
wherein said third link is pivotable in a first
direction relative to said second link about said
third pivot axis between an upright position and a
reclined position, wherein an upper surface of said
rear region of said seat forms an angle of greater
than 180 degrees relative to an upper surface of said
front region when said third link is in said reclined
position; a backrest having a lower portion
non-pivotally coupled to at least one of said rear
region of said seat and said third link, and an upper
portion, and a back support member coupled to said
3c upper portion and pivotally connected to said base
component about a fifth horizontal pivot axis; and a
stop member positioned to limit the pivotable
movement of said third link in said first direction,
and wherein said back support member is pivotable
relative to said third link about said fifth
horizontal pivot axis between a neutral position and
an extended position when the pivotable movement of
said third link is limited. 



[0008e]According to the fifth aspect, there is
provided a method of using a seating structure
comprising: providing a base component; a first link
pivotally connected to said base component at a first
horizontal pivot axis; a second link pivotally
connected to said first link at a second horizontal
pivot axis spaced from said first pivot axis, wherein
said second link comprises a portion extending in a
longitudinal direction; a third link pivotally
connected to said second link at a third horizontal
pivot axis spaced from said second pivot axis in said
longitudinal direction, wherein said third link is
pivotally connected to said base component at a
fourth horizontal pivot axis spaced from said fir st
pivot axis, and wherein said third link comprises a
portion extending in said longitudinal direction; and
a seat having a front, thigh supporting region
coupled to said longitudinally extending portion of
said second link and a rear buttock supporting region
coupled to said longitudinally extending portion of
said third link, wherein said rear buttock supporting
region is spaced rearwardly from said thigh
supporting region in said longitudinal direction; and
pivoting said third link in a first direction
relative to said second link about said third pivot
axis between an upright position and a reclined
position, and thereby forming an angle of greater
than 180 degrees between an upper surface of said
rear region of said seat and an upper surface of said
front region when said third link is in said reclined
position, and preventing an entirety of said upper
surface of said front region from moving upwardly as
said third link is pivoted into said reclined
position. f 0008f]According to the sixth aspect,
there is provided a method of using a seating
structure comprising: providing a base component; a
first link pivotally connected to said base component
at a first horizontal pivot axis; a second link
pivotally connected to said first link at a second
horizontal pivot axis spaced from said first pivot
axis, wherein said second link comprises a portion
extending in a longitudinal direction; a third link
pivotally connected to said second link at a third
horizontal pivot axis spaced from said second pivot
axis in said longitudinal direction, wherein said
third link is pivotally  3d connected to said base
component at a fourth horizontal pivot axis spaced
from said first pivot axis, and wherein said third
link comprises a portion extending in said
longitudinal direction; and a seat having a front,
thigh supporting region coupled to said
longitudinally extending portion of said second link
and a rear buttock supporting region coupled to said
longitudinally extending portion of said third link,
wherein said rear buttock supporting region is spaced
rearwardly from said thigh supporting region in said
longitudinal direction; pivoting said third link in a
first direction relative to said second link about
said third pivot axis between an upright position and
a reclined position, and thereby forming an angle of
greater than 180 degrees between an upper surface of
said rear region of said seat and an upper surface of
said front region when said third link is in said
reclined position; and pivoting an upper portion of a
backrest relative to said base component about a
fifth horizontal pivot axis, wherein said fourth and
fifth pivot axes are coincidental. [0008g]According
to the seventh aspect, there is provided a seating
structure comprising: a seat comprising a forward
portion and a rear portion each having an upper body
support surface, wherein said seat is tiltable
between at least an upright tilt position and a
reclined tilt position, wherein said rear portion is
automatically pivotable relative to said forward
portion as said seat is tilted between said upright
and said reclined tilt positions, wherein said upper
body support surface of said rear portion forms an
angle of greater than 180 degrees relative to said
upper body support surface of said forward portion
when said seat is in said reclined position, wherein
said forward portion is moveable from a first
position to a second position as said seat is tilted
between said upright and said reclined tilt
positions, and wherein no portion of said upper body
support surface of said forward portion is positioned
higher when said forward portion is in said second
position relative to said first position. [0009]For
example and without limitation, the preferred
embodiments relate to a seating structure having a
seat with a forward portion and a rear portion. The
seat is tiltable between at least an upright tilt
position and a reclined tilt position. The rear
portion is automatically pivotable relative to the
forward portion as the seat is tilted between the
upright and reclined tilt positions.  3e [0010]In one
embodiment, a back is coupled to the seat and is
tiltable between at least an upright tilt position
and a reclined tilt position. The back includes a
lower portion and an upper portion. The upper portion
is pivotable relative to the lower portion between a
neutral position and an extended position, with the
upper portion being pivotable relative to the lower
portion independent of the tilt position of the back.
In a preferred embodiment, the upper portion is
pivotable relative to the lower portion when the
rearward tilting, or tilt position, of the lower
portion is limited. [0011]In another embodiment, a
seating structure includes a base component, a first
link member pivotally connected to the base component
at a first horizontal pivot axis and a second link
pivotally connected to the first link at a second
horizontal pivot axis spaced from the first pivot
axis. A portion of the second link extends in a
longitudinal direction. A third link is pivotally
connected to the second link at a third horizontal
pivot axis spaced from the second pivot axis in the
longitudinal direction, and the third link is
pivotally connected to the base component at a fourth
horizontal pivot axis spaced from the first pivot
axis. The third link also includes a portion
extending in the longitudinal direction.  WO
2008/094865PCT/US2008/052208 4 



[0012]A seat includes a front, thigh supporting
region coupled to the longitudinally extending
portion of the second link and a rear buttock
supporting region coupled to the longitudinally
extending portion of the third link. The rear buttock
supporting region is spaced rearwardly from the thigh
5 supporting region in the longitudinal direction.
The third link is pivotable in a first direction
relative to the second link about the third pivot
axis between an upright position and a reclined
position. An upper surface of the rear region of the
seat forms an angle of greater than 180 degrees
relative to an upper surface of the front region when
the third link is in the reclined position.
10[0013]In a preferred embodiment, a backrest has a
lower portion non-  pivotally coupled to one or both
of the rear region of the seat and the third link. In
one embodiment, the backrest includes an upper
portion coupled to a back support member, with the
back support member being pivotally connected to the
base component about a fifth horizontal pivot axis,
which is 15coincidental with the fourth pivot axis in
one embodiment. [0014]In yet another embodiment, a
seating structure includes a base component and a
back support member having a lower support member
pivotally  connected to the base component about a
first horizontal pivot axis and an upper support
member pivotally connected to the lower support
member about 20a second horizontal pivot axis spaced
from the first pivot axis. At least one backrest
component is coupled to the upper support member. An
adjustment mechanism is coupled between the lower
support member and the upper support member. The
adjustment mechanism is operable between at least
first and second positions. The upper support member
is pivotable relative to the  25 lower support member
about a horizontal axis between at least first and
second support positions as the adjustment mechanism
is operable between the at least first and second
positions. [0015]In another embodiment, a seating
structure includes a base component and a body
support member pivotally coupled to the base
component. A 30spring biases the body support member
toward an upright position. A force- adjusting member
engages the spring and is moveable between at least
first  WO 2008/094865PCT/US2008/052208 5 



and second force applying positions. An actuator is
coupled to the force- adjusting member and includes a
grippable member that is translatably moveable
relative to the base component between at least first
and second adjustment positions. The force-adjusting
member is moved between the first 5and second force
applying positions as the g,rippable member is moved
between the first and second adjustment positions.
[0016]In one embodiment, the spring is configured as
a leaf spring and the force-adjusting member is
configured as a fulcrum member. The fulcrum member is
moveable in a fore-aft direction along a longitudinal
axis between 10at least first and second fulcrum
positions, with the actuator, and in particular the
grippable member, moveable therewith in the fore-aft
direction. [0017]In yet another embodiment, a seating
structure includes a base component having a support
surface and a fulcrum member moveable in opposite
first and second longitudinal directions. The fulcrum
includes a first roller rotatably 15supported by the
support surface of the base component and a second
roller contacting the first roller. The first roller
is rotatable in first and second  rotational
directions as the fulcrum member is moved in first
and second longitudinal directions respectively,
while the second roller is rotatable in first and
second rotational directions as the fulcrum member is
moved in the 20second and first longitudinal
directions respectively. In essence, the first and
second rollers rotate in the opposite directions as
the fulcrum is moved longitudinally. In one
embodiment, at least one leaf spring is supported by
the second roller. [0018]In yet another embodiment, a
seating structure includes a leaf spring and a 25body
support structure biased by the leaf spring. One of
the leaf spring and the body support structure has a
cam with a convex cam surface, while the other of the
leaf spring and the body support structure has a cam
follower with a concave cam surface. In operation,
the cam follower engages the cam with the cam
surfaces contacting one another. 30[0019]In yet
another embodiment, a seating structure includes a
support 



structure and a carrier moveably supported by the
support structure. The  WO
2008/094865PCT/ES2008/052208 6 carrier is moveable
relative to the seat support structure in opposite
first and second longitudinal directions. A flexible
body support member includes a first portion fixedly
coupled to the seat support structure, a second
portion coupled to the carrier, and a third curved
portion positioned between the first 5and second
portions. The third portion is moveable toward and
away from the support structure as the carrier is
moved relative to the seat support structure in the
first and second directions respectively. In one
preferred embodiment, a cover member is disposed over
an outer surface of the body support member and
covers the third portion of the body support member.
10[0020]The various aspects and embodiments provide
significant advantages over other tilt chairs and
seating structures, including chairs and seating
structures having backrests, seats and tilt controls.
For example, in one preferred embodiment, a rear
portion of the seat automatically pivots rearwardly
relative to a front portion, with the rear and front
portions opening 15up and forming an angle greater
than 180 degrees relative to each other, as the user
tilts rearwardly in the chair. In this way, the rear
portion provides support for the ischial tuberosities
or buttock region of the user and prevents the user
from sliding forwardly on the front portion of the
seat. By separating the ischial tuberosities or
buttock support region from the thigh support region,
20the entirety of the seat support surface does not
have to tipped or pivoted as the user tilts
rearwardly. As a result, the hip drop (the amount the
hip joint of the user drops during recline) is
reduced, thereby providing for tighter package space
between the seat surface and tilt control, less
energy stored in the tilt (as required to lift the
user back up), and lower torques at the given angular
travel. 25[0021]In addition, the static angle of the
back in an upright, neutral position can be easily
and quickly adjusted relative to the seat so as to
allow the user to customize the fit of the chair for-
their particular body size and shape. In addition, in
one embodiment, the upper portion of the back can be
independently pivoted relative to the lower portion
of the back, for example 30when the user arches their
back or extends their arms and shoulders rearwardly,
while simultaneously supporting the user's back in
the arched  WO 2008/094865PCT1US20081052208 



7 position. The upper portion will return
automatically to a neutral position when the biasing
force of the user is relieved. [0022] The biasing
mechanism also provides advantages. For example and
without limitation, the actuator, and in particular
the grippable portion, for 5adjusting the return
force of the spring is translatable relative to the
base component. By viewing the position of the
grippable portion, or any other visible portion of
the actuator, the user is provided with visual
indicia as to the setting of the return force before
they sit down and/or apply a force against the
backrest. 10[0023]In addition, when a leaf spring and
adjustable fulcrum are used to apply the return
biasing force to the seating structure, the first and
second  rollers used to support the spring on the
base component allow for easy, relatively
frictionless movement of the rollers relative to the
base component and spring. As such, the position of
the fulcrum can be easily adjusted even 15when the
leaf spring is loaded. [0024] The cam surfaces formed
on the spring and the body support structure also
provide advantages. In particular, the cam surfaces
provide a balanced ride to all types of various users
throughout the normal tilting range of the seating
structure. In essence, this provides tailored torque
outputs as 20disclosed for example and without
limitation in U.S. Application 10/738,641, filed
December 17, 2003 and entitled "Tilt Chair and
Methods for the Use Thereof," the entire disclosure
of which is hereby incorporated herein by reference.
The cam surfaces eliminate the need for a spring link
as disclosed in U.S. Application 10/738,641, filed
December 17, 2003. 25[0025]The embodiments of the
adjustable seat also provide advantages. For example,
the depth of the seat can be adjusted without having
to move the entire seat, or in other words, while
maintaining a rear portion of the seat in the same
position. Such construction avoids the need for
additional support members. In addition, the
adjustment mechanism can be easily grasped and
30manipulated by the user to adjust the depth of the
seat. Moreover the curved front portion of the seat
provides transitional support for the user's legs
when   sitting down or standing up from the chair. At
the same time, the curved portion is relatively
flexible, thereby avoiding pressure points along the
thighs of the user. [0026]Of course, it should be
understood that the various aspects 



disclosed herein can be used individually or in
combination, with various combinations providing
additional advantages. The present invention,
together with further objects and advantages, will be
best understood by reference to the following
detailed description taken in conjunction with the
accompanying drawings. 10[0027] BRIEF DESCRIPTION OF
THE DRAWINGS [0028] FIGURE 1 is a perspective view of
one embodiment of a chair. [0029] FIGURE 2 is a
schematic side view of a chair in an upright
position.        [0030] FIGURE 3A is a schematic side
view of the linkage assembly for 15the chair shown in
Figure 2. [0031] FIGURE 3B is a schematic side view
of the linkage assembly for the chair shown in Figure
2 in an intermediate reclined position. [0032] FIGURE
3C is a schematic side view of the linkage assembly
for the chair shown in Figure 2 when in a fully
reclined position with an upper 20back support member
in a neutral position. [0033] FIGURE 3D is a
schematic side view of the linkage assembly for the
chair shown in Figure 2 when in a fully reclined
position with the upper back support member in an
extended position.        [0034] FIGURE 4A is an
enlarged, partial side view of the back support
25member in a neutral position. [0035]FIGURE 413 is
an enlarged, partial side view of the back support
member in an extended position. [0036]FIGURE 5 is an
exploded perspective view of a tilt control
mechanism.  100371 FIGURE 6 is an exploded
perspective view of various components of the linkage
assembly. [0038]FIGURE 7 is a bottom exploded
perspective view of the seat support including an
adjustable seat depth mechanism. [0039]FIGURE 8 is a
top exploded perspective view of the seat support and
seat depth mechanism shown in Figure 7. [0040] FIGURE
9 is an exploded perspective view of a fulcrum
assembly. 



[0041]FIGURE 10 is a perspective view of a tilt
control mechanism. [0042]FIGURE 11 is a cut-away
perspective view of a back support 10member and leaf
spring. [0043]FIGURE 12 is a front partial
perspective view of the seat and tilt control
mechanism. [0044] FIGURE 13 is a perspective view of
a seat member. [0045]FIGURE 14 is a top partial
perspective view of the seat 15[0046]FIGURE 15 is a
bottom partial perspective view of the seat. [0047]
FIGURE 16 is a side cut-away view of the seat.
[0048]FIGURE 17 is a top perspective view of a seat
cover. [0049]FIGURE 17A is a cross-sectional view of
the seat cover engaging the seat frame.
20[0050]FIGURE 18 is a side cut-away view of the
seat, tilt control mechanism and back support member
in an upright position. [0051]FIGURE 19 is a side
cut-away view of the seat, tilt control mechanism and
back support member in a reclined position, with the
back support member in a neutral position.
25[0052]FIGURE 20 is a side cut-away view of the
seat, tilt control mechanism and back support member
in a reclined position, with the back support member
in an extended position. [0053]FIGURE 21 is a
partial, side cut-away view of the back support
member in a forward position. 



30[0054]FIGURE 22 is a partial, side cut-away view of
the back support member in an intermediate, nominal
position.  WO 2008/094865PCIMS2008/052208 10
[0055]FIGURE 23 is a partial, side cut-away view of
the back support member in a rearward position.
[0056]FIGURE 24 is a front perspective view of the
back support member. [0057] FIGURE 25 is a rear
perspective view of the back support member.
[0058]FIGURE 26 is a partial perspective view of a
lower portion of the upper portion of the back
support member. [0059]FIGURE 27 is an exploded view
of a back angle adjuster. [0060] FIGURE 28 is a side
view of a back support member bracket. 10[0061]
FIGURE 29 is a perspective view of a lower wedge
component. [0062] FIGURE 30 is a side view of the
lower wedge component shown in Figure 29. [0063]
FIGURE 31 is a perspective view of an upper wedge
component. [0064]FIGURE 32 is a perspective view of a
first portion of a wedge 15actuator. [0065]FIGURE 33
is a side view of a second portion of a wedge
actuator. [0066]FIGURE 34 is a front perspective view
of a back suspension structure. 



[0067]FIGURE 35 is front view of a pad structure.
20[0068] FIGURE 35A is an enlarged view of a
connector between pads [0069]FIGURE 36 is an enlarged
partial perspective view of a back suspension
structure. [0070] FIGURE 37 is a front view of a
cover carrier member. [0071]FIGURE 38 is a side view
of the carrier member shown in Figure 2537. [0072]
FIGURE 39 is a side view of the chair. [0073]FIGURE
40 is a cross-sectional view of an actuator assembly.
[0074] FIGURE 41 is an enlarged view of the end of
the actuator assembly shown in Figure 40 taken along
detail 41. 30[0075]FIGURE 42 is an exploded
perspective view of another embodiment of a tilt
control mechanism.  WO 2008/094865PCT/US2008/052208
11 [0076] FIGURE 43 is a cut-away perspective view of
a back support member and leaf spring. [0077]FIGURE
44 is a partial exploded perspective view of the tilt
control mechanism shown in Figure 42. 5[0078] FIGURE
45 is an exploded perspective view of another
embodiment of a back angle adjustment mechanism. 



[0079] FIGURE 46 is a front, perspective view of
another embodiment of a back support member.
[0080]FIGURE 47 is a front perspective view of the
chair without the 10fabric cover. [0081]FIGURE 48 is
a side view of the chair without the fabric cover in
a rearward, neutral, upright position. [0082]FIGURE
49 is a side view of the chair without the fabric
cover in a nominal, neutral, upright position.
15[0083]FIGURE 50 is a side view of the chair without
the fabric cover in a forward, neutral, upright
position. [0084]FIGURE 51 is a side view of the chair
without the fabric cover in a nominal, upright
position, with the upper portion in an extended
position. [0085]FIGURE 52 is a side view of the chair
without the fabric cover in a 20nominal, neutral,
intermediate recline position. [0086]FIGURE 53 is a
side view of the chair without the fabric cover in a
nominal, neutral, full recline position. [0087]FIGURE
54 is a side view of the chair without the fabric
cover in a     nominal, full recline position, with
the upper portion in an extended position.
25[0088]FIGURE 55A and B are partial cross-sectional
views of a fabric attachment assembly. [0089]FIGURE
56 is a partial, perspective view of the seat.
[0090]FIGURE 57 is a partial, exploded perspective
view of a portion of the seat assembly. 



30[0091]FIGURE 58 is a partial, perspective view of
the seat. [0092]FIGURE 59 is an exploded view of the
seat shown in Figure 58.  WO
2008/094865PCT/US2008/052208 12 [0093]FIGURE 60 is an
exploded view of various components of the linkage
assembly. [0094]FIGURE 61 is a perspective view of
the chair. [0095]FIGURE 62 is a perspective view of
the chair without a pad 5structure or outer cover.
[0096]FIGURE 63 is a rear view of the chair shown in
FIG. 62. [0097]FIGURE 64 is a front view of the chair
shown in FIG. 62 with the pad structure. [0098]FIGURE
65 is an exploded perspective view of a flexible body
10support member and a load support layer of a
suspended pixilated seat structure. [0099]FIGURE 66
is a bottom, front perspective view of the fulcrum
assembly. [00100]FIGURE 67 is a rear perspective view
of the back frame. 15[00101]FIGURE 68 is portion of
an alternative embodiment of a pad 



structure. [00102]FIGURE 69 is portion of an
alternative embodiment of a pad structure.
[00103]FIGURE 70 is portion of an alternative
embodiment of a pad 20structure. [00104]FIGURE 71 is
an enlarged cross-sectional view of one embodiment of
a connection between a pad structure and a backrest
frame. [00105]FIGURE 72 is an enlarged
cross-sectional view a an alternative embodiment of a
connection between a pad structure and a backrest
frame. 25[00106]FIGURE 73 is an enlarged
cross-sectional view of an alternative embodiment of
a connection between a pad structure and a backrest
frame. [00107]FIGURE 74 is an enlarged
cross-sectional view of an alternative embodiment of
a connection between a pad structure and a backrest
frame. [00108]FIGURE 75 is an enlarged
cross-sectional view of an alternative 30embodiment
of a connection between a pad structure and a
backrest frame.  WO 2008/094865PCT/US2008/052208 13
[00109]FIGURE 76 is an enlarged cross-sectional view
of an alternative embodiment of a connection between
a pad structure and a backrest frame. [00110] FIGURE
77 is a side view of an alternative embodiment of a
chair with a forward tilt shown in a forward tilt
position. 5[00111]FIGURE 78 is a side view of the
chair shown in Figure 77 with 



the chair in a neutral position. [00112]FIGURE 79 is
an exploded view of a fabric attachment assembly for
a seat. [00113]FIGURE 80 is an exploded view of a
fabric attachment 10assembly for a backrest.
[00114]FIGURE 81 is a side view of a cover and handle
assembly. [00115]FIGURE 82 is an opposite side view
of the cover and handle assembly shown in Figure 81.
[00116]FIGURE 83 is a perspective view of the handle
shown in Figure 1581. [00117]FIGURE 84 is a
perspective view of the cover shown in Figure 81.
[00118]FIGURE 85 is a partial perspective view of
various seat depth components. 20[00119]FIGURE 86 is
a cross-sectional view of the assembly shown in
Figure 85. [00120]FIGURE 87 is a partial perspective
view of the upper backrest assembly. [00121]FIGURE 88
is a cross-sectional view of the backrest shown in
25Figure 87 taken along line 88-88. 



[00122]FIGURE 89 is a side view of one embodiment of
an upper backrest assembly. [00123]FIGURE 90 is a
side view of one embodiment of the chair.
[00124]FIGURE 91 is a back review of the chair shown
in Figure 90. 30[00125]FIGURE 92 is a partial cut
away view of a portion of a backrest assembly.  WO
2008/094865PCT/US2008/052208 14 [00126]FIGURE 93 is
an enlarged portion of Figure 92 taken along line 92.
[001271FIGURE 94 is a cross-sectional view of the
connector assembly        shown in Figures 92 and 93
taken along a direction substantially perpendicular
5to the cut away of Figure 92. [00128]FIGURE 95 is an
alternative embodiment of the pad structure.
J00129]FIGURE 96 is a rear perspective view of one
embodiment of a backrest structure. [00130]FIGURE 97
is an enlarged view of the backrest structureS shown
10in Figure 96 and taken along line 97. [00131]FIGURE
98 is a partial perspective view of a link with a
snap- fit rotation device. 



[00132]FIGURE 99 is a cross-sectional view of the
link shown in Figure 98 secured to a frame member.
15[00133]FIGURE 100 is a side view of a cover
attached to the chair. [00134]FIGURE 101 is a
cross-sectional view of the cover and frame taken
along line 101-101 of Figure 100. DETAILED
DESCRIPTION OF THE PRESENTLY PREFERRED 20EMBODIMENTS
General: [00135]The terms "longitudinal" and
"lateral" as used herein are intended to indicate the
directions 50, 52 of the chair from front to back and
from side to side, respectively. Similarly, the terms
"front", "side", "back", 25"forwardly", "rearwardly",
"upwardly" and "downwardly" as used herein are
intended to indicate the various directions and
portions of the chair as normally understood when
viewed from the perspective of a user sitting in the
chair. It should be understood that the terms
"mounted," "connected", "coupled," "supported by,"
and variations thereof, refer to two or more
30members or components that are joined, engaged or
abutted, whether directly or indirectly, for example,
by way of another component or member, and  WO
2008/094865PCT/US2008/052208 15 further that the two
or more members, or intervening member(s) can be
joined by being integrally formed, or by way of
various fastening devices, including for example and
without limitation, mechanical fasteners, adhesives,
welding, press fit, bent-over tab members, etc. The
term "plurality" means two or 5more. 



Linkage Assembly: [00136]Referring to the drawings,
FIGS. 1-6, 18-20, 42, 48-54 and 58- 60 show a
preferred embodiment of the chair having tilt control
housing 2, 10seat 4, back support member 8 and back
6. It should be understood that the term "housing"
generally refers to any support member that supports
another member, and includes, but is not limited to a
structure that provides an enclosure. The seat 4 and
a lower portion 12 of the back are supported by a
linkage assembly 10, which is pivotally connected to
the tilt control housing 2. 15 The tilt control
housing 2 forms a base component of the linkage
assembly. The tilt control housing is formed by an
upper bracket 14 and lower bracket 16, which are
joined, for example by welding. [00137]The linkage
assembly 10 includes a first link 18, 518 having a
first end pivotally connected to a pair lugs 20,
extending forwardly from a 20front portion of the
tilt control housing or base component, at a first
horizontal pivot axis 22. The first link 18, 518, or
front link, can be formed from any suitable material,
including metal or a plastic, such as a 30-33% GF
nylon. The first link extends upwardly and has a
second end pivotally connected to a front seat frame
24, 524, which forms a second link, at a second
horizontal 25pivot axis 26 formed on a downwardly
extending U-shaped support or leg 28, 528.
Preferably, only a single first link is provided, and
is secured to the middle of the support 28, 528. As
shown in FIGS. 47 and 59, the upstanding portions of
the support 528 are curved in two planes and extend
upwardly and rearwardly from the pivot axis 26.
Alternatively, a pair of first links can be
30provided along opposite sides of the seat. A pivot
axle 32 can be integrally formed on one or the other,
or both, of the first and second links 18, 518, 24,
WO 2008/094865PCT/US2008/052208 16 524.
Alternatively, a separately formed axle can be used
to secure the first and second links. In one
embodiment, the axle 32 is formed on the first link,
which includes a plurality of round ribs that ride
along a bushing 30 secured between the first and
second links. The end portions of the axle 32 snap
into 5the second link, while the round ribs carry the
load. A socket or recess 36 is 



formed in the second link to receive the axle,
bushing and ribs. A cover member 38 is disposed and
connected over a forwardly facing portion of the seat
frame to provide an aesthetically pleasing
appearance. The seat frame is preferably made of
glass filled nylon, although it should be understood
that it 10can be made form a variety of materials,
including metal, plastic, composites, and
combinations thereof 1001381In another embodiment,
shown in FIGS. 98 and 99, a front link 1018 includes
a pair of axles or posts 1020 extending laterally
outwardly from opposite sides of the front link. A
pair of bushings 1026 are axially disposed 15on the
posts, and include an inwardly extending resilient
arm 1028 with an enlarged end portion defining a
catch member 1030. A seat frame 1040 includes a
laterally extending recess 1042 shaped to rotatably
receive the pivot member and attached bushings. The
frame 1040 includes a pair of spaced apart radially
extending catch members 1032. The catch members 1032
are 20positioned such that opposite outer walls 1046
thereof are substantially aligned with the outer
catch portions 1030 of the resilient arms when the
link and frame are engaged, so as to prevent relative
axial movement between the link and frame and with
the engagement between the posts and socket
preventing relative radial movement between the link
and frame, thereby 25rotatably securing the link to
the frame. The end of the recess is formed as a
socket 1024 shaped to rotatably receive the bushings
1020. The overall length of the recess 1042, or the
individual depth of each socket 1024 on each side
thereof, are greater than the overall length of the
link (from one post end to the other), or greater
than the individual length of the axle and hub, with
a gap 301022 formed between the edge of the link and
mouth of the frame on each side of the link.  WO
2008/094865PCT1US2008/052208 17 [00139]In operation,
an assembler slides one end (e.g. left side) of the
bushing/axle 1020, 1026 all of the way into a
corresponding socket 1024 such that the gap 1022 on
that side is eliminated and such that an opposite
bushing/axle 1020, 1026 clears the mouth of the
recess on the other side (e.g., right side) and is
aligned along a pivot axis 1034. At this initial
insertion stage, an opposite catch member 1030 (e.g.,
right side) is biased radially outwardly by a
corresponding catch member 1032 (e.g., right side) on
the frame. The user then moves the link 1018 in an
axial direction along axis 1034 toward the opposite
end until the biased catch member 1030 (right side)
10slides past the catch member 1032 on the frame and
snaps into place, thereby 



rotatably securing the link to the frame. As shown,
the link can be installed from either side, and is
therefore not left or right handed. It should be
understood, however, that the mechanism could be
configured with a single catch member on the link and
a single catch member on the frame, with an
15opposite elongated socket in the frame to initially
receive the link axle. It should be understood that
this device can be used to rotatably secure any two
components, and is not limited to the frame and link
for a chair as shown and described. It should also be
understood that the resilient arm and/or bushing can
be integrally formed with the link component. In
addition, the arm and 20catch portions can be used to
secure any two components in a non-rotatable
engagement, for example where the configuration of
the socket or end post, or other non-rotation
members, are configured to prevent such rotation. The
device provides for two components to be non-axially
and non-radially moveable relative to each other
without having to provide an opening or 25access for
a pin to be inserted along the rotation axis.
1001401Referring to FIGS. 6-8 and 57-60, the front
seat frame 24, 524, or second link, has a pair of
substantially horizontal arms 40, 540 that are spaced
apart in the lateral direction and form an opening 42
therebetween. The arms 40 extend rearwardly in the
longitudinal direction 50 from the front 30to the
rear of the chair Each arm is configured with a guide
44,544 or track that opens to the front of the frame.
Each arm preferably has an L-shaped  WO
2008/094865PCT/U52008/052208 18 cross section
defining a substantially horizontal flange 46, 546
and a vertically oriented flange 48, 548. A plurality
of fingers 54, 554 extend upwardly from a top of the
vertical flange and are adapted to anchor a fabric 56
by way of a carrier member, shown in FIG. 17, which
snaps onto the frame. For example, 5the fingers can
be configured with barbs or catch members at the ends
thereof for engagement with a carrier or other cover
component. In other embodiments, the seat frame is
formed with a female receptacle that receive a male
portion formed on the carrier member. Various
suitable embodiments for forming the fabric and
carrier, and securing them to a support structure,
are 10disclosed in U.S. Application No. 101796,406,
filed March 8, 2004 and entitled "Fabric Attachment
Device," the entire disclosure of which is hereby
incorporated herein by reference. In the embodiment
shown in FIGS. 59 and 60, the flange 548 is not
linear, but rather has a slight concave profile, and
then tapers or slopes downwardly toward the
horizontal flange 546 toward the 



15rear portion of the second link 524. [00141]In an
alternative embodiment, the carrier member is
omitted. Instead, the fabric is provided with a
plurality of fastener components, such as Christmas
tree fastener or snap-fit fastener, that engage
openings in the frames with a snap fit. The fabric
can also be secured with other mechanical  20
fasteners, by bonding, or by various combinations
thereof. For example, as shown in HG. 79, a frame
member 221 is attached to an edge portion 225 of the
cover, e.g., fabric or textile material, with a
staple, bond, sewing etc., or combinations thereof A
Christmas tree fastener 223 is then secured through
the frame member 221 and into the seat frame, with
the cover wrapping 25around the inner frame and
covering the head of the fastener 223.
[00142]Referring to FIG. 80, a frame member 321 is
again secured to an edge portion of the cover with
bonding, stapling, sewing etc., or combinations
thereof The frame has a U-shaped socket in which a
retainer clip 327, e.g., tinnerman clip, is inserted.
The clip 327 releasably engages a 30forwardly facing
flange portion of the backrest frame 302, with the
fabric  WO 2008/094865PCT/US2008/052208 19 Wrapping
around the edge of the frame member 321 and then
across the front of the pad structure.
[00143]Referring to FIGS. 6-8 and 57-60, a plurality
of engagement/support arms 58, 558 extend upwardly
from an inboard edge of each horizontal flange 46,
546. The support platforms are each configured with
an enlarged head portion 60, 560. The
engagement/support platforms are joined to a
suspended body support member, which defines a
portion of the seat. In particular, a front,
thigh-supporting region 62 of the seat is coupled to
the arms of the front seat frame. 10[00144]For
example, a membrane can be disposed across the
opening and be engaged with the support platforms or
fingers on each arm, as shown for example in U.S.
Application No. 10/738,641, filed December 17, 2003,
published as U.S. Publication No. 2004/0183350 Al and
entitled "Tilt Chair and Methods for the Use
Thereof," the entire disclosure of which is hereby
15incorporated herein by reference. In one
alternative embodiment, the suspended body support
member is configured as a suspended pixelated seat
structure, as shown for example and without
limitation in U.S. Application Serial No. 11/433,891,
filed May 12, 2006 and entitled "SUSPENDED PIXELATED
SEATING STRUCTURE", the entire disclosure of which is
20 hereby incorporated herein by reference. In
particular, as shown in FIGS. 12- 17, the suspended
pixilated seat structure has a frame component 64
having plurality of openings through which the
support arms are disposed, with the enlarged heads
engaging the frame with a snap-fit. The suspended
pixilated seat structure further includes a macro
compliance layer 66, including for 



25example a plurality of primary support rails,
joined to the frame, a micro compliance layer 68,
including for example a plurality of spring elements,
joined to the macro compliance layer, and a load
support layer 70, including a plurality of pixels
connected to the springs. [00145]In one embodiment,
shown in FIGS. 56 and 59, the macro 30compliance
layer 66 is connected directly to the frame. In
particular, each strip 67 of the macro layer has a
T-shaped head portion 69, which is disposed   WO
2008/094865PCT/US2008/052208 20 in the opening
between two adjacent support arms 558. The enlarged
head 560 extends over the T-shaped head portion and
holds the strip to the frame. The head 69 also has an
opening therethrough which receives one of the posts
71 positioned between adjacent arms 558.
5[00146]Referring again to FIGS. 6-8 and 57-60, a
rear seat frame 72, 572, which forms a third link,
has a pair of arms 74, 574 extending forwardly in the
longitudinal direction 50. The arms are spaced apart
in the lateral direction 52 and are substantially
aligned with the arms 40, 540 of the forward seat
frame, with the free ends of the arms 40, 540, 74,
574 substantially 10abutting. The arms 74, 574 are
configured similar to the arms of the front seat
frame, and include horizontal and vertical flanges
76, 576, 78, 578 upwardly extending fingers 80, 580
and upwardly extending engagement/support members 82,
582 and posts 71 which are configured to support a
suspended body support member as just explained. In
particular, a rear, buttock- 15supporting region 84
of the seat is coupled to the arms of the rear seat
frame, where the buttock-supporting region 84 is
spaced longitudinally rearwardly from the
thigh-supporting region 62. In the embodiment shown
in FIGS. 59 and 60, the flange 578 is not linear, but
rather has a slight concave profile, and then tapers
or slopes downwardly toward the horizontal flange 576
toward the 20front portion of the third link 524. The
flanges 548 and 578 in combination form a V-shaped
opening when viewed from the side. The opening helps
prevent the carrier member or other component of the
fabric, from experiencing excessive tension as the
rear seat frame 572 pivots relative to the front seat
frame 524. 



25[001471A pair of leaf springs 86, 586 bridge or
span the gap between the free ends of the arms 40,
540, 74, 574 of the front and rear seat frames and
are secured, for example with adhesive and/or
fasteners 587, to the horizontal flanges 46, 546, 76,
576 of each of the arms. A plurality of posts 589
further support the macro compliance layer 66. The
leaf springs 86 pivotally connect 30the front and
rear seat frames, or second and third links, at a
virtual horizontal pivot axis 88. In an alternative
embodiment, the second and third links can be  WO
2008/094865PCT/US2008/052208 21 pivotally connected
at a hard pivot axis, for example with a pivot
member. It should be understood that the pivot axis
can be defined as a compliant joint allowing two
components to pivot relative to each other, and that
the position of the axis (actual or virtual) may
change or move over the range of pivoting 5between
the two components. [001481The rear seat frame has a
pair of downwardly extending support members 90, 590,
positioned along each side of the frame. A pair of
armrests 92 are connected to and extend upwardly from
the support members. The rear seat frame can be made
from two parts, each of which can be a 10different
material, for example glass-filled nylon and
aluminum. [00149]The rear seat frame 72, 572, or
third link, also includes a pair of forwardly
extending lugs 94, 594 that are pivotally connected
to the tilt control housing 2, or base component, at
a fourth horizontal pivot axis 96. In this way, the
base component 2, or tilt control housing, front
pivot link 18, 518 and 15front and rear seat frames
24, 524, 72, 572 define the four links of a four-bar
linkage. [00150]In operation, and as best shown in
FIGS. 3A-3D and 48-54, the user tilts rearwardly in
the chair, and in particular the seat, from an
upright position (PIGS. 3A and 48-51) through an
intermediate recline position 



20(FIGS. 3B and 52) to a fully reclined position
(FIGS. 3C and 53). As the user tilts rearwardly, the
first link 18,518 is pivotable relative to the base
component, or tilt control housing, about the axis 22
in a first rotational direction (clockwise when
viewed from the left-hand side). At the same time,
the third link 72, 572 or rear seat frame, pivots in
the first rotational direction 25 relative to the
second link 24, 524 or front seat frame about the
pivot axis 88, such that the angle between the upper
surface 96 of the front region 62 of the seat and the
upper surface 98 of rear region 84 of the seat opens
up as the user tilts rearwardly, and forms an angle
of greater than 1800 when the seat is in the reclined
position, and preferably in any reclined position
rearwardly of the 30upright position. Indeed, in the
initial upright position, the upper surface of the
front region and the upper surface of the rear region
forms a slight crown,  WO
2008/094865PCT/US2008/052208 22 with an angle greater
than 1800, and desirably about 183. In one
embodiment, the rear seat region 84 pivots rearwardly
18 relative to ground as the seat moves from the
upright position to the fully reclined position,
while the front seat region 62 pivots only 3 relative
to ground, such that the rear 5region pivots 15
further than the front region, and forms an angle
greater than 180. In various embodiments, the angle
between the upper surface of the front region and the
upper surface of the rear region in the fully
reclined position can vary between about 185 and 200,
and preferably is about 195. In this way, the rear
region 84 of the seat provides support for the
ischial 10tuberosities or buttock region of the user,
and prevents the user from sliding forwardly in the
seat as the user tilts rearwardly in the chair. At
the same time, the front region 62 of the seat is
maintained in substantially the same orientation (3
pivot) throughout the tilt range of the chair. By
separating the rear, ischial support region from the
front, thigh support region, the entirety of  15 the
seat support surface does not have to be tipped or
pivoted as the user tilts rearwardly. As a result,
the hip drop is reduced, thereby providing for
tighter package space between the seat surface and
tilt control, less energy stored in the tilt, and
lower torques at the given angular travel. [
00151]Preferably, the first pivot axis 20 formed
between the first link 2018, 518 and the tilt control
housing 2 is positioned forwardly of the fourth pivot
axis 96 formed between the third link 7Z 572 and the
tilt control housing 2, with the fourth pivot axis 96
positioned forwardly of the third pivot axis 88
formed between the forward and rearward seat frames
in one embodiment (FIGS. 2-3C), such that the third
link 72, and connected back 



25support member 100 tilt rearwardly at a greater
rate and angle than does the second link. In another
embodiment, the fourth pivot axis 96 and the third
pivot axis 88 are substantially aligned vertically
(FIGS. 48-54). The pivot axis 88 is aligned with the
pivot axis 96, or disposed rearwardly therefrom, so
as to prevent the sensation of pressure or lift
mid-thigh on the user. 30[00152]Referring to FIGS. 77
and 78, an alternative embodiment of the chair is
configured with a linkage that allows for a forward
tilt of the seat and  WO 2008/094865PCT/US2008/052208
23 backrest. In particular, first link 421 his
reposition with a first end portion pivotally
connected to the second link 524 at the pivot axis
26, and a second end pivotally connected to the tilt
housing at an axis 423. As the user tilts forwardly,
the first link 423 is pivotable relative to the base
component, or tilt 5control housing, about the axis
423 in a first rotational direction (counter-
clockwise when viewed from the left-hand side). At
the same time, the second link 524 pivots relative to
the third link 572 such that the angle between the
upper surface 96 of the front region 62 of the seat
and the upper surface 98 of rear region 84 of the
seat opens up as the user tilts forwardly, and forms
an 10angle of greater than 180 when the seat is in
the forward tilt position. Indeed, in one embodiment,
the angle between the upper surface 96 and the upper
surface 98 is always maintained at an angle greater
than 180, whether in a forward tilt position, an
upright tilt position or a reclined tilt position,
with the angle between the rear upper surface and the
forward upper surface opening 15up even more as the
user reclines, or tilts forwardly. Additional Base
Components: [00153]An adjustable support column 102,
preferably pneumatic and shown in FIGS. 1-3D, 5 and
48-54, is mounted to a rear portion of the 20housing
2 at opening 104. A top portion of the column 102,
having a side- actuated lever (not shown), extends
into the housing. A cable 106 is connected to the
lever, and can be moved within a guide to actuate the
lever. An opposite end of the cable is engaged by an
arm portion 114 of the lever arm 108 pivotally
connected to a fulcrum assembly, as shown in FIGS. 5
and 259. The lever is actuated by a push button 110
extending from the end of a grippable handle 290
connected to an actuator tube. In operation, the user
pushes the button 110, which laterally moves a rod
that engages an arm 112 and rotates the lever arm 108
about a vertical axis 288. As the lever 108 



rotates, the arm portion 114 moves the cable 106 to
actuate the support 30column lever, which in turn
allows the support column 102 to extend in response
to a gas spring contained therein, or to collapse in
response to the  WO 20081094865PCTALTS20081052208 24
weight of the user being applied to the seat-S One
suitable support column is available from Samhongsa
Co. Ltd., otherwise referred to as SHS. [00154]In an
alternative embodiment, shown in FIGS. 40 and 41, the
actuator is configured as a joy-stick 600 rather than
a push button. The joy 5stick includes an arm or post
portion 602 and a base 604 having a circumferential
shoulder 606 that engages an annular support 608
formed on a spring retainer 610. The joy stick 600 is
pivotable about any axis lying within a plane 612
defined by the shoulder, i.e., a plane substantially
perpendicular to the longitudinal axis 614 the arm of
the joy-stick. The joy stick is moveable 10from an
upright position, shown in FIG. 40, to an actuated
position, with a spring 616 biasing the joy-stick
actuator toward the upright position. [001551The
spring retainer 610 includes an internal cavity 618
having an end wall 620 engaging the spring 616. A
cable 622 includes an enlarged end portion 624
connected to the base of the joy stick, preferably by
disposing 15the end portion in a cavity 626 having a
narrow throat 628 and a frusto-conical shaped
entryway 630. An enlarged spring engaging portion 632
is spaced from the end portion 624 along the length
of the cable. In operation, the user grips or pushes
on the end of the arm 602 of the joy stick, which
pivots about an axis defined by the junction between
the shoulder 606 and the annular 20support 608 of the
spring retainer. The spring 616 is compressed between
the end wall 620 of the spring retainer and the
enlarged portion 632 of the cable, which urges the
joy stick back to an upright, or centered position
when released by the user. As the user pivots the joy
stick 600, the cable 622 is moved relative to a cable
guide 634 from a first position to second position 



25and actuates the support column lever, which allows
the support column to extend or collapse. The joy
stick 600 can be pivoted in any direction about any
point along the circumferential shoulder so as to
actuate the support column. It should be understood
that the joy-stick can be used to actuate other
components, and convert a pivoting/rotating movement
into a linear actuation, 30or back to a
rotating/pivoting action at the distal end of the
cable. A grippable housing 690 surrounds and supports
the spring retainer and joy stick. A bezel  WO
2008/094865PCT/US2008/052208 25 636 is secured to the
end of the housing, and is open along the axis such
that the arm 602 extends outwardly for access by the
user. [00156]Referring to FIG. 1, a base 116,
preferably a five arm base with casters, is mounted
to the bottom of the support column 102 in a
conventional 5manner, although one of skill in the
art would understand that other support columns and
bases can be used to support the housing, including
fixed height support columns and non-rolling bases,
including for example a base configured with glides.
[001571With the chaif being generally described, the
various features of 10the armrests, the seat, the
backrest and the tilt control assembly, along with
various controls therefore, will be described in more
detail below. Adjustable Seat Depth: [00158]Referring
to FIGS. 7-8, 12-17 and 56-69, the length of the
front 15region 62 of the seat (fore-aft longitudinal
measurement) can be adjusted to alter the overall
depth (front to back length) of the seat. The seat
depth assembly includes a rigid carriage member 118,
718 having a laterally extending support 120, 720
with a leading edge 122, 722. In one embodiment, the
leading edge is configured with a plurality of steps
124 as shown in FIGS. 207-8 and 12-17. In the
embodiment of FIGS. 56-59, the leading edge is
linear, 



or extends forwardly with a generally convex
curvature. In the first embodiment, a center step
portion 126 of the leading edge, formed along the
lateral centerline of the carriage, extends
forwardly, with a plurality of steps 128 (shown as
two on each side) disposed progressively rearwardly
relative to 25the center step 126. At the outer
lateral edges, one or more steps 130 progressively
move forward relative to the rearwardmost step. The
carriage is provided with a pair of grippable handles
132, shown as tabs, which extend laterally outwardly
and/or upwardly from each side of the seat. The
carriage 118 further includes a pair of rearwardly
extending slide members 134 that are 30slidably
engaged with the guide/track 44 formed on each of the
arms of the front seat frame. The carriage 118 is
translatably moveable relative to the  WO
2008/094865PCT/US2008/052208 26 front seat franie 24
in the longitudinal direction 50 (fore-aft). The
terms "translate," "translatable" and variations
thereof, means to move or displace along a path
(linear or non-linear (e.g., curved or curvilinear))
from one point to another point spaced apart by some
distance. It should be understood that a component
that is translated relative to another component can
also be rotated relative to that same component, with
the translation and rotation occurring
simultaneously, successively and/or both
simultaneously and successively. In one embodiment, a
bushing 136 is secured to the seat frame in the guide
44 for engagement with the slide members. 10[00159]In
the embodiment of FIGS. 57-59, the carriage member
718 includes a pair of opposite circular end flanges
each having an opening disposed therethrough. A
vertical flange extends inwardly from the forward
portion of the end flange and is secured to a track
or slide member 734. The slide members are slideable
or translatable relative to a guide/track 744, which
15is secured to the first link or seat frame 524. A
pair of end covers 745 each include flexible
engagement members that engage the opening in the end
flanges of the carriage member. The covers are
provided with an opening in which the user can insert
a finger or thumb into for gripping and moving the
carriage member. A fabric carrier 747 wraps around
and is moveable relative 20to a hub portion 749
formed on the cover. The carrier member includes a
pair of tethers 751 that further wrap around a
bearing portion 761 on the cover 745. The bearing
portion is preferably curved and oriented with a
curve about a vertical axis. In this way, the carrier
can be rotated about a horizontal axis and then a
vertical axis formed by the bearing portion. This
ability to slide past 25surfaces oriented in
different planes or about different axes is
facilitated by the user of a tether. The end of the
tether 751 is formed with a plurality of enlarged
portions or stops 763. The tether is inserted into a
notch 765 (FIG. 60) on the front of the seat frame,
with one of the stops engaging a top surface of the
horizontal flange of the frame and being larger than
the notch to prevent 30pull-through. A plurality of
stops are provided such that the tether can be set at
different initial lengths depending on the size of
the seat.  



WO 2008/094865PCT/US2008/052208 27 [001601A flexible
body support member 138 has an upper first portion
140 slidably/translatably connected to the seat,
e.g., the suspended body support member 70, for
example with a plurality of fasteners, such as tabs
141 received in an opening 143. As shown in FIG. 47,
58, 59 and 65, the flexible 5member has rearwardly
extending strips 141 with outboard, laterally
extending flanges 139 that are received in openings
formed by laterally spaced upper platforms 165 and
laterally spaced lower platforms 163. The lower
platforms 163 are connected with a base floor 167,
with a vertical flange 169 extending upwardly from
the base floor to support the upper platform. The
10flanges 139 are received under the outwardly
extending portions of adjacent upper platforms 165,
while the main body portion of the strip 141 is
supported by the lower platform 163. In this way, the
strips 141 are vertically supported, but also allowed
to translate or slide relative to the support layer
70. [001611The flexible member further includes a
second portion 142 15connected to the carriage 118,
with a third curved portion 144 (bullnose) positioned
between the first and second portions and forming a
leading edge of the flexible member. The flexible
member is configured with a plurality of laterally
spaced and longitudinally extending slots 160 that
define a plurality of longitudinally extending strips
162 as well as strips 141. The flexible 20member can
be made from various plastic materials such as
polypropylene or polypropylene blended with KRATON.
The flexible member can be configured as a single,
integrally formed member with the slots formed
therein, or as a plurality of independent, separate
strips. Preferably, the widths and number of strips
corresponds to the width and number of steps 124
formed  25 on the leading edge 122 of the carriage.
The carriage 118 is disposed behind or beneath the
flexible member, with the leading edge 122 disposed
adjacent to, and in one embodiment, engaging an inner
surface of the flexible member, or alternatively a
bottom surface of the flexible member, and in
particular the strips 162. In an alternative
embodiment, the leading edge of the flexible 30member
on the third portion thereof is generally curved in a
forwardly convex shape, with the lengths of the
strips 162 becoming progressively and  WO
2008/094865PCT/US2008/052208 28 individually longer
as they move inboard. The leading edge of the seat is
defined by the forwardmost portion, or third portion
of the strips 162, with the understanding that a
cover such as fabric could further be disposed over
the strips. In an embodiment where the forwardmost
portions of the strips follows the leading edge of
the carriage, the leading edge of the seat is
non-linear, or convex. 



[00162]A cover member 56, best shown in FIG. 17, is
disposed over the entirety of the seat, including the
rear region 84 and the front region 62. The cover
member, preferably configured as a fabric and carrier
member, wraps 10around the flexible member 138 and
covers the third curved portion 144 of the flexible
member. The fabric is secured on all sides to the
carrier member including laterally extending member
165. The cover further includes a first fold 146,
shown in FIGS. 16 and 17 as a pair of laterally
spaced tethers. As disclosed above, the carrier
member can define the first fold. In an alternative
15embodiment, the first fold is defined by a portion
of the fabric extending across the entire width of
the cover. The free edge 152 of the first fold, or
free end of the tethers (whether formed by the fabric
or the carrier member, is anchored to the front seat
frame, for example with a rod 154, or to the notch
765 as explained above. The first fold lies along an
upper surface 156 of a 20 driving member 158, or
inboard of the cover 745. In one embodiment, the
driving member 158 is formed by rearwardly extending
arm portions of the flexible member 138. In another
embodiment, the driving member can be formed by the
carriage member. [00163]As shown in FIG. 57, the
driving member is formed by the 25cover 745, which
includes the bearing portion 761. The curved bearing
portion 761 of the driving member forms a folded edge
148 in the cover member (or carrier member), with a
second fold 150 underlying the driving member and the
first fold, or lying outboard of the first fold. It
should be understood that the actual material of the
cover defining the folded edge, as 30well as the
length of the first and second folds, varies and
shifts between the first and second folds as the
carriage member 118 and connected flexible  WO
2008/094865PCT/US2008/052208 29 member 138 move
relative to the seat frame. As such, the folded edge
148, as well as the first and second folds 146, 150,
are defined by the material forming the edge and
folds at any one time. In this embodiment, the
tether, or portion of the cover forming the first
fold, is preferably non-elastic. 5[00164]In
operation, the user grasps the carriage member 118,
e.g., the handles 132, the cover 745, or the front
portion of the seat such as the flexible support
member or bullnose, and moves the carriage member to
a desired longitudinal position defining a
corresponding depth of the seat. Various detents or
other locking/latching features can be formed on one
of the carriage 10and seat frame to provide a
plurality of adjustment positions, or the adjustment
can be simply arrested by friction so as to provide
an infinite number of adjustment positions. 



[00165]As the carriage 118 is moved forwardly, for
example, the third portion 144 and leading edge of
the flexible member 138 also move forwardly, 15with
the length of the first fold 146 of the cover being
shortened. At the same time, the upper portion 140 of
the flexible member and corresponding portion of the
cover lying thereover lengthens, which corresponds to
a greater overall seat depth. Conversely, as the user
moves the carriage 118 rearwardly, the drive member
158 moves the folded edge 148 rearwardly and thereby
20increases the length of the first fold 146 as the
third portion 144 and leading edge of the flexible
member are moved rearwardly, with a corresponding
seat depth being reduced. [00166]In an alternative
embodiment, the rear edge of the cover or fabric is
simply secured to the seat frame, tilt housing or
other structure with 25 an extensible, or stretchable
tether, for example an elastic tether. For example,
the tethers in FIG. 17 can be formed as elastic
members. In this embodiment, the cover does not have
a first fold. Rather, the elastic tether simply
elongates or retracts as the carriage is moved
forwardly and rearwardly respectively. In this way,
the tether holds the cover against the body support
member and 30allows it to slide past the front,
curved portion thereof when the seat depth is  WO
2008/094865PCT1US20081052208 30 lengthened, but then
draws the fabric back under the seat as the seat
depth is shortened. [00167]The flexible strips 162,
along with the stepped leading edge 122 of the
carriage, provides a varied suspension force for the
user's thighs. In 5particular, at the region where
the steps 128 are formed most rearwardly, the
corresponding strips 162 of the flexible member are
allowed a greater amount of deflection in response to
the weigh of the user. These steps 128 and strips are
generally aligned with the longitudinally extending
thighs of the user. Conversely, the flexible member
138 is more rigidly supported along the 



10lateral centerline at the step 126, and at the
outermost lateral positions at steps 130, due to the
steps 126, 130 having a greater forward extent.
[001681The cover 56 can be secured to the rear and
front seat frames, as    well as the flexible member,
with a carrier member 164, shown in FIGS. 6 and 7,
which engages for example and without limitation the
fingers 54, 80 formed 15on the seat frames.
[00169]Referring to FIGS. 81-84, in an alternative
embodiment, a cover 800 includes a rearward side wall
portion 802, an upper flange 804 and a lower flange
806. The upper flange 804 is coupled to the suspended
body support member 70, for example by bonding or
with fasteners and like, while 20the lower flange is
coupled to the seat frames 524, 572. A forward
portion 808 of the cover includes a curved grippable
portion 810, forming a curved wall having bottom and
front portions, and a channel 812 formed laterally
therethrough. A handle 814 includes a curved
grippable portion 816 shaped to be received in the
channel, and a rearwardly extending shaft or post
818. The 25handle further includes a flange 820
extending laterally inwardly, which is secured to the
carriage 718. The post 818 extends rearwardly through
a channel formed in and by the cover 800 and extends
through an opening of the cover so as to increase the
rigidity of the cover as shown in FIGS. 81 and 82. An
intermediate portion 822 of the cover includes an
expansion or bellows 30structure, which allows the
forward portion 808 to move fore and aft in a
longitudinal direction relative to the fixed rear
portion 802 of the cover. The  WO
2008/094865PCTIUS2008/052208 31 expansion structure
includes a plurality of vertical ribs 824 connected
with connection ribs 826, which allow the vertical
ribs to move from a minimum seat depth position,
wherein the ribs 824 are proximate each other, to a
maximum seat depth position, wherein the ribs are
spaced from each other. The cover 800, including the
expansion joint, helps limit the access of the user
to the interior of the seat, where various pinch
points may be created. In addition, the cover 800
provides an unique aesthetic and closure, while still
permitting a relative movement or translation of the
forward portion of the seat, for example when
adjusting the depth of the seat. As shown in FIGS.
10100 and 101, the cover 1800 includes a rear cover
portion 1804 that closes off the sides of the seat
between the seat surface and the lower frame members,
and a front cover portion 1808 that is secured to the
carriage, with the front cover portion sliding
relative to the rear cover portion as the depth of
the seat is adjusted. Either the front or rear
portion can be positioned exteriorly of the 



15other during the relative sliding movement.
[00170]Referring to FIGS. 85 and 86, in an
alternative embodiment of the seat depth mechanism,
the cover member 826, for example a fabric member,
includes a laterally extending wire 828 secured to
edge portion of the fabric, for example by sewing or
heat sealing the wire to the fabric, or by
20positioning the wire within a fabric loop. A pair
of laterally spaced clips 830 are secured to the
wire, and thereby to the fabric. Of course, it should
be understood that the clips can be secured directly
to the fabric without the wire, although the wire
provides stability to the fabric as it is moved. A
pair of tethers or strings 832 have a first end
attached to a respective one of the clips. 25It
should be understood that the tether or string can be
secured directly to the cover, for example by bonding
or sewing, or can be integrally formed therewith for
example as an extension of the cover. In this way,
the tether or string are configured as part of the
cover or fabric. The strings or tethers extend
rearwardly, through an opening 834 formed in a guide
member 836. 30The tether or string 832 slidably moves
relative to the guide member through the opening at a
folded portion 838 of the string, again forming a
portion of  WO 2008/094865PCPUS2008/052208 32 the
cover. An opposite end of each string is coupled to
the seat frame 524, for example by securing a loop of
the sting to a hook 840 on the frame. A spring 842 is
disposed in a channel around a post 844 formed in the
spring guide, with the channel 846 which is further
disposed on a rearwardly extending tab 5848 or
protrusion of the flexible member 138, or lower
portion 142 thereof The connection of the two ends of
the string 832 to the frame and the flexible member
preloads the spring by urging the guide member 836
toward the flexible member 138 against a biasing
force of the spring 842. In this way, the string 834
and spring 842 maintain the cover 826 in tension
about the flexible 10member 138 as the flexible
member is moved fore and aft between the minimum and
maximum seat depth positions with the tether
moving/sliding relative to the guide. Tilt Mechanism:
15[001711As shown in FIGS. 5, 10, 21-23 and 42-45,
and as mentioned 



above, the housing 2 includes a lower housing member
16 and an upper housing member 14. A seat support
bracket 166 has a pair of forwardly extending pivot
arms 168 and a rear support platform 170. The support
bracket 166 is connected to the rear seat frame 72,
and in particular is fastened 20to the platform 170,
such that the support bracket 166 forms part of the
third link. The pivot arms 168 are pivotally
connected to the tilt control housing at the fourth
pivot axis 96. Each pivot arm has a curved, or
arcuate, slot 171 formed therein, with the slot
having a generally vertical orientation. [00172]A
back support bracket 172 also includes a pair of
forwardly 25extending pivot arms 174 that are
pivotally connected to the tilt control housing at
the fourth pivot axis 96. The pivot arms also each
have an arcuate slot 176 (or track) that are aligned
with the slots 171 in the seat bracket. A forward
stop member 178 (or guide) extends through the slots
and is secured to the tilt control housing. The
brackets 166, 172 pivot about the fourth pivot 30axis
96, with the stop member 178 engaging a bottom of the
slots 171, 176 to  WO 2008/094865PCT/U52008/052208 33
limit the forward pivoting or tilting of the seat and
back in an upright, normal position as shown in FIG.
10. [00173]A pair of tilt limiters 180, 780 are
pivotally secured to the seat bracket about a pivot
axis with a pivot member. The tilt limiters have a
5plurality of indexing detents 182 selectively
engaged by a cantilevered spring 184 extending from
the seat bracket. The indexing detents can
alternatively be located along a side face of the
tilt limiter. The tilt limiters further have a
plurality of steps 186 formed along a leading edge
thereof that are selectively engaged with an edge 188
on the tilt control housing. In this way, the rear
10tilting of the seat bracket 166, and connected back
support bracket 172, are limited by the pivotal
position of the tilt limiters 180 relative to the
tilt control housing 2. The pivotal location of the
tilt limiters 180 is controlled by an actuator 190,
configured as a cross tube, rotatably connected to
the seat bracket. The actuator 190 includes a pair of
lugs with slots 192, with the lugs 15being connected
to corresponding slots 191 on the tilt limiters 180.
When rotated, the actuator 190 pivots the tilt
limiters 180 about pivot axis 196 to the desired
position, with the indexing mechanism (detent 180 and
spring 184) corresponding to the various available
positions of the tilt limiters. 



[001741In another embodiment, shown in FIGS. 39 and
42, the actuator 20790 is positioned more rearwardly,
such that a lever or grippable portion 731 on the
actuator is disposed adjacent the location of the
hand of the user when their arm is relaxed and
allowed to drop or hang vertically, i.e., at a
"handfall" position relative to the user. As shown in
FIG. 39, the grippable portion is preferably
positioned rearwardly of the rear of the seat or
alternatively in the 25rear 10% of the seat depth. A
link 791, generally Y-shaped, is connected to the
actuator. End portions or lugs 793 of the link are
rotatably connected to a lever portion 795 extending
radially from the actuator, with arms 797 diverging
outwardly from the end portions and having opposite
end portions rotatably connected to the tilt limiters
780. The seat bracket 166 is provided 30with an
opening 799, configured as a pair of slots, in the
rear portion of the platform 170 that accommodate the
lever portion 795 and lugs 793 of the link.  WO
2008/094865PCT/U52008/052208 34 In operation, the
user rotates the actuator 790 by way of grippable
portion 731, which pivots the link 791 and thereby
rotates the tilt limiters 780 to a desired position.
[00175]As best shown in FIGS. 5, 9 and 42-44, a
fulcrum assembly 200 is moveably installed in the
tilt control housing beneath a pair of leaf springs
202. The leaf springs are preferably made of a
composite material, such as a fiberglass and epoxy
matrix, although it should be understood that other
resilient materials such as steel would also work.
The composite material can be a fibrous composite, a
laminated composite or a particulate composite. A
10suitable composite spring is commercially available
from Gordon Plastics, Inc. of Montrose, Colorado
under the specification designation of GP68-UD
Unidirectional Fiber Reinforced Bar Stock, and sold
under the tradename POWER-TUFF. The fiberglass/epoxy
matrix bar preferably is unidirectional with a glass
content of about 68% and a laminate density of .068
lbs./in.3. The 15bar preferably has a flexstrength of
about 135,000 psi, a flex modulus of about 5,000,000
psi, and an ultimate strain of about 2.4%. The use of
a composite material bar can help eliminate the
problems associated with creep. Another suitable
spring is uni-directional fiberglass 70 - 2% by
weight 30% vinyl esther hi-performance resin. The
shape, size (width, thickness, length) and 20material
of the springs can be varied to provide various
spring characteristics. In addition, the spring can
be compression molded in various curved shapes to
provide unique tilt balance and ride options. In one
embodiment, each spring is approximately 9.25 inches
long, 1.85 inches wide and .225 inches thick. 



[00176]In operation, one end 204 of the leaf spring
202 directly biases 25the back support bracket 172,
via a laterally extending rod 218 secured to the back
support bracket, and indirectly biases the seat
support bracket 166 via the back support bracket in
an upward direction so as to thereby support a user
sitting in the chair. The opposite end 206 of the
spring engages a cross member 208, configured with
openings 212 and a pair of locator tabs 210
30disposed in openings 216 formed in the springs 202.
The cross member is disposed laterally across a front
portion of the housing, while an intermediate  WO
2008/094865PCT/US2008/052208 35 portion of the spring
is supported by the fulcrum member 214. In this way,
the springs 202 act as a simply supported beam with a
load imparted intermediate the supported ends thereof
To adjust the force applied to the back support, the
user moves the fulcrum assembly 200 in a linear,
5longitudinal direction within the housing. It should
be understood that the spring biases the seat support
by way of the back support, and that in alternative
embodiments, the spring can bias the back support and
seat support through a common element, such as with a
pivot member that pivotally connects those members,
or can directly bias the seat support and also the
back 10support. In any of these embodiments, it
should be understood that the springs are biasing
each of the seat support and back support,
individually and in combination. [00177]As the
fulcrum assembly 200, including fulcrum member 214,
is moved rearwardly in the housing 2, the distance
between the point of support 15at the fulcrum member
214 and the support member 218 is decreased, so as to
correspondingly increase the force applied by the
rear end 204 of the spring. Conversely, the fulcrum
member 214 can be moved forwardly in the housing 2 to
decrease the amount of resistive force applied to the
seat support bracket 166 and back support bracket 172
by increasing the beam length, or the 



20distance between the fulcrum member 214 and the
support member 218. Since the leaf springs 202 are
simply supported at each end, rather being clamped to
the housing 2, the pivot rod 218 or both, bending
moments are not introduced at the ends of the spring.
When clamped, the properties of the spring, and the
amount of the clamping, can effect the loading and
associated 25stresses. Moreover, by providing a
simply supported spring, tolerances can be relaxed
and the curvature of the spring is allowed to
undulate as the beam length changes. [00178]Because
the leaf springs 202 are disposed in the housing 2 in
a    side-by-side arrangement, and are preferably
formed as flat bars, the housing 30can be made more
compact at lower cost in an aesthetically pleasing
way. Moreover, the resistive force of the spring can
be adjusted easily and simply  WO
20081094865PCT/US2008/052208 36 by slideably moving
the fulcrum assembly 200 within the housing 2. Since
the resistive force is determined by the beam length,
rather than by prestressing the spring, the
adjustment does not require a progressively larger
actuation force as is typically associated with
torsion springs and bars and 5compression springs.
[001791Referring to FIGS. 5 and 11, the end 204 of
the spring is configured with a cam 220 having a
concave cam surface 222. FIG. 11 shows the spring in
two different biasing positions. The cam surface is
formed on an upper surface of the spring. The cam can
be integrally formed as part of the 10 spring, or
separately configured and connected to the spring
with, for example and without limitation, rivets or
other mechanical fasteners, adhesives, etc., or any
combination thereof. The back support bracket 172,
and in particular the rod 218, is configured with a
cam follower 224 having a convex cam surface 226. In
an alternative embodiment, shown in FIGS. 42 and 43,
a separate cam 15follower is omitted, with the rod
218 itself functioning as the cam follower (or
driver), and having a cam surface 227. As the user
tilts rearwardly, the cam follower (or driver) 224,
218 rides along the cam 220 with the two cam surfaces
222, 226, 227 contacting each other, such that the
cam follower slides rearwardly along the cam surface
222, which drives more deflection into the 20spring
as compared with a flat spring surface. This has the
effect of increasing 



the spring force applied by the spring, which
corresponds to an increased torque as the angle of
recline increases. In this way, the spring, fulcrum
and cam, in combination, provide a balanced ride to
the user. [00180]In particular, a balanced ride is
achieved for all of the users. 25Typically, the
greatest imbalance will be for a light user at the
full recline position and for a heavy user in the
forward position. It must be understood that the user
will necessarily need to initially adjust the fulcrum
member to achieve a balanced ride at any particular
recline angle, but that thereafter, the ride will be
substantially balanced throughout the defined tilt
range without 30further adjustments of the fulcrum.
As such, the chair provides a unique  WO
2008/094865PCT/US2008/052208 37 balanced ride that
avoids the user having to readjust the biasing force
depending on the angle of recline in which they want
to user the chair. [00181]It should be understood
that, in one embodiment, the applied torque and
restoring torque are simply loads being applied over
a distance. 5Accordingly, the balanced ride can also
be thought of in terms of an applied force being
applied by the user to the body support member at a
certain location. Various aspects of the springs and
tilt mechanism, or alternative embodiments thereof,
are disclosed for example and without limitation in
US Pub. No. 2004/0183350A1, which is hereby
incorporated herein by reference. 10[00182]Referring
to FIGS. 5, 9, 18-20, 40, 41 and 44 the fulcrum
assembly 200 and fulcrum, otherwise referred to as a
force adjusting member, includes a base housing 228,
an intermediate housing 230, 830, and an upper
housing 232, 832. The base housing 228 is configured
with a pair of laterally spaced cavities 234 open at
both the top and bottom thereof The base housing
15also includes a centrally located recess 236 and
front and rear walls 238, 240 forming at least a
portion of pair of longitudinally spaced openings
242, and one each of a longitudinally and laterally
oriented gear recess 244, 246. A pair of laterally
extending rollers 248, 250 is disposed in each
cavity. The lower roller 250 in each cavity 234 is in
contact with the floor 252 or support 20surface of
the housing, while the upper roller 248 in each pair
extends above the surface of a side portion 254 of
the base member defining the cavity, such that the
curved surface of the roller is in contact with a
bottom surface of a corresponding spring 202. 



[00183]A driven bevel gear 256, disposed in the
longitudinally oriented 25gear recess 244 in the base
housing, is threadably engaged with a longitudinally
extending lead screw 258 non-rotatably secured to a
front of the tilt housing, for example with a flange
having a button that faces the housing and snaps into
an opening formed in the housing. The lead screw 258
extends through the longitudinally extending openings
242. A thrust washer 260 and 30bearing 262 are
disposed between the bevel gear and a rear surface of
the rear wall 240 of the base housing 228 so as to
allow the bevel gear to easily rotate  WO
2008/094865PCT1U52008/052208 38 about the lead screw.
A bottom of the base housing is configured with a
follower 264 or guide, shown as two posts in FIG. 66,
which slides in a track 266 formed in the bottom of
the tilt housing. [00184]A laterally oriented drive
bevel gear 268 engagingly meshes 5 with the driven
bevel gear 256. The drive bevel gear 268 is further
integrally configured with, or otherwise connected
to, an idler gear 270 disposed on an opposite side of
the bevel gear. The intermediate housing 230, 830
traps or encases the bevel gears 256, 268 between the
intermediate housing 230, 830 and the base housing
228, and further includes a pair of longitudinally
spaced 10openings 270 that surround the lead screw
258 between the housing components. [00185]A drive
pinion gear 272 is disposed in a gear recess 274
formed in the intermediate housing above the idler
gear 270. The drive gear 272 engagingly meshes with
the idler gear 270. The intermediate housing 230 is
15configured with a laterally extending opening 276,
or half opening, that supports an actuator shaft 278.
An end of the shaft 281 and the drive gear are
configured with mating D-shaped ends/openings 280,
such that rotation of the shaft rotates the drive
gear. The shaft and drive gear are disposed between
the intermediate housing 230 and the upper housing
232, which is also configured 20with a gear recess
282 and a laterally extending shaft opening 284. As
mentioned above, in the embodiment of FIGS. 5 and 9,
a lever arm 108 is pivotally secured between the
upper and intermediate housings and is pivotable
around a vertical axis 288. An end portion of the arm
112 is aligned with the axis of the actuator shaft
extending through the drive gear. The 



25intermediate housing is configured with a cable
housing stop 286, such that a cable can be secured to
an opposite end of the lever. [00186]Alternatively,
in the embodiment of FIGS. 40, 41 and 44, the cable
is translated by the pivoting action of the
joy-stick, thereby avoiding the need for the lever
arm. As shown in FIG. 44, a retainer clip 281
rotatably 30engages a circumferential groove formed
on the shaft 278, with the clip  WO
20981094865PCT/US2008/052208 39 engaging the
intermediate housing with a snap fit so as to prevent
the shaft from moving laterally relative to the
fulcrum assembly. [00187]In operation, the user
rotates the actuator 278 (configured with a grippable
member 290) about a laterally extending axis 294,
which in turn 5rotates the drive gear 272. The drive
gear rotates the idler gear 270, which rotates the
bevel gear 268 about a laterally extending axis 292
parallel to axis 288. The bevel gear 268 rotates the
bevel gear 256 about a longitudinally extending axis
294, which threadably engages the lead screw 258 and
moves the entire fulcrum assembly 200 in first or
second opposite longitudinal (fore- 10aft) directions
52 to one of a infinite number of predetermined force
applying positions. For example the actuator can be
moved between first and second adjustment positions
so as to move the force adjusting member (fulcrum
assembly) between first and second force applying
positions. It should be understood that the actuator
278, 290 and fulcrum 214 are infinitely adjustable
15to an infinite number of adjustment positions and
force applying positions respectively. [00188]As the
actuator 278, 290 is rotated and the fulcrum assembly
200 moved in one of the first and second longitudinal
directions, the actuator is simultaneously
translatably moveable relative to the tilt housing
with the 



20fulcrum assembly. In this way, the operator is
provided with visual indicia about the relative
biasing force that will be applied by the springs 202
simply by viewing the position of the actuator 278,
290 relative to the tilt housing 2. In one
embodiment, a scale or other indexing indicia (e.g.,
text "heavy", "medium" or "light" or colors (green
for light to read for heavy)), is provided 25on the
housing to further aid the operator in ascertaining
the predetermined setting of the force applying
member. A cover can be disposed around the housing,
and be provided with a longitudinally extending slot
in which the shaft 278 travels. Alternatively, as
disclosed in MG. 61, a cover can disposed beneath the
shaft, with the upper housing of the fulcrum assembly
extending 30upwardly through a longitudinal opening
formed in the cover.  WO 2008/094865PCT/U52008/052208
40 [00189]It should be understood that the biasing
mechanism can also be used with other springs, such
as torsion coil springs tension/compression springs,
etc. For example, an actuator acting on an arm of a
torsion spring, or against the force of a
compression/tension spring, can be moved relative to
the 5housing to provide a visual indicator to the
user of the setting of the force applying member
before (or while) the user is seated. Backrest:
[00190]Referring to FIGS. 1-4B, 18-38,42 and 45-54, a
back support 10member includes lower support member
172, configured as the back support bracket referred
to above, pivotally connected to the base tilt
housing at the pivot axis 96 and an upper support
member 294 pivotally connected to the lower support
member about a horizontal pivot axis 296 spaced
remwardly from the pivot axis 96. An adjustment
mechanism 298 is coupled between the 15lower and
upper support members 172, 294. At least one backrest
component 300, shown in one embodiment as a frame
302, is connected to the upper support member 294
adjacent a thoracic region of the backrest component.
A lower portion 304 of the frame 302 is fixedly
connected to the seat frame 72 along a rear edge
thereof The upper portion of the backrest is flexible
relative 20to the lower portion thereof, as the upper
support member pivots about the axis 296. In an
alternative embodiment, the upper portion of the
frame is pivotally connected to a lower portion. In
the embodiment of 2-4B, a lower back support 303 is
connected to and extends upwardly from a rear of the
seat frame and is secured to the back frame, or
backrest, at a lower portion thereof, 



25for example at the lumbar region. The upper support
member 294, together with the backrest 300 and frame
302, can be easily removed or disconnected from
support member 172 in a knock-down configuration for
shipping. [00191]The adjustment mechanism 298 is
operable between a plurality of positions, including
for example and without limitation a first and second
30position, and is infinitely adjustable. The upper
support member 294 is pivotable relative to the lower
support member 172 about the horizontal axis  WO
2008/094865PCT/US2008/052208 41 296 between a
corresponding plurality of static support positions
as the adjustment mechanism is operated. In various
embodiments, the upper support member (and an upper
body support surface of the back) is pivotable
relative to the lower support member (and a lower
body support surface of the 5back) about 10 degrees
from a forwardmost position to a rearwardmost
position. In other embodiments, the upper member is
adjustable between about 1 degree and 15 degrees,
more desirably between about 5 degrees and 15
degrees, and preferably about 10 degrees between the
forwardmost and rearwardmost positions. 10[00192]The
upper support member includes a spine member 306 and
a bracket 308 disposed and secured in a bottom
portion of the spine member. In one embodiment, a tab
310 engages the spine to prevent rotation of the
bracket relative to the spine. The bracket can be
formed integrally with the spine, or as a separate
member. The bracket includes a pair of forwardly
extending 15flanges 312 with openings defining the
pivot axis 296. The flanges are pivotally connected
to the back support bracket 172 with a pair of pivot
pins 314. [00193]A lower housing component 316 is
secured to a support platform 317 on the back support
bracket 172. The housing component 316 is
20configured with a lower wedge surface 318. A cover
member 320 is secured to the lower housing component,
with the cover and lower housing defining a
passageway 322 for a rotatable actuator shaft 326,
which travels in a slot 319 formed in the bracket
308. An acme shaft 324 is rotatably mounted in the
lower housing. Mating ends 328 of the actuator shaft
326 and acme shaft 326 



25are configured with D-shaped cross-sections, with a
moveable collar 330 disposed over the ends to secure
the actuator to the shaft. The collar 330 can be
translated in a lateral direction 52 to release or
lock the ends of the shafts. [00194]In an alternative
embodiment, shown in FIG. 45, the lower housing
component 916 includes a resilient flexible tab
member 918 having 30catch portion. The housing
component can be secured to the support bracket with
one or more tabs or hooks, for example with a snap
fit. The tab member  WO 20081094865PCT1US2008/052208
42 918 flexes upwardly as the shaft 324 is inserted
through an opening in the lower housing component
until the catch member engages a circumferential
groove 920, or undercut, formed in the shaft. The end
portion 922 of the shaft is formed with a key shaped
cross-section, such as a hexagonal cross section, and
engages a mating cross-section formed by a socket 924
on the acme shaft 926. The acme shaft is inserted
through an opening in the housing component 916, with
a head 928 of the shaft engaging an end wall of the
lower housing component. A torsion spring 930 has a
first down-turned end 932 engaging an opening 938
formed in a platform of the lower housing component.
A pair of 10tabs 940 rotatably engage an elongate
shaft portion of the spring, while a bent end portion
934 of the spring extends rearwardly such that it
engages the top surface of a flange 942 extending
forwardly from the upper support member. The spring
can be preloaded before assembly by engaging it with
a catch member 935. 15[00195]An upper wedge member
332 is disposed over the shaft 324 and includes a
slot or socket 336 engaged with a drive member 338,
configured as an acme plate threadably engaged with
the shaft 324. The drive member 338 can be formed
integrally with the upper wedge member or as a
separate part, but is considered part of the wedge
member in either embodiment. The upper 20and lower
wedge members 316, 332 are configured with opposing
wedge surfaces 318, 334 that slide along each other
and force the wedge members apart, and in particular,
forces the upper wedge member up relative to the
lower wedge member as the upper wedge member
translates in a lateral direction 52 relative to the
lower wedge. It should be understood that in an
25alternative embodiment, the upper wedge is fixed to
the upper support member, and the lower wedge member
is translatably moveable in the lateral direction.
The upper wedge member 332 has an upper surface 340
that bears against an interior surface of the bracket
308 and causes the upper support member 294 to rotate
relative to the lower support member 172 about axis
296 30as the wedge members are forced apart. As shown
in HG. 18, a compression 



spring 342 is disposed between a stop 344 formed on
the upper support  WO 2008/094865PCT/US2008/-052208
43 member, and in particular the bracket 308, and a
stop member 346 extending upwardly from the back
support bracket. The spring 342 biases the upper
support member away from the back support bracket, or
lower support member (clockwise as shown in HG. 18).
In essence the spring 342 biases the 5bracket 308
against the upper surface of the wedge member 340
[00196]In operation, the user rotates the actuator
326, and in particular a grippable portion 348
thereof, in a first or second rotational direction,
which causes the shaft 326 to rotate and thereby
moves the drive member 338 and associated upper wedge
member 332 laterally. As shown in FIGS. 21-23 (and
1050, 49 and 48), the upper back support 294 is
positioned respectively in a forward, neutral,
upright position, a nominal, neutral, upright
position and a rearward, neutral, upright position
relative to the lower back support 172. In
particular, the gap between the back support 294 and
the bottom of the seat frame or bracket 168 widens as
the back support is pivoted rearwardly to the
15desired upright position (forward, nominal or
rearward), with the angle between the body facing
surface 98 of the seat and the body facing surface
340 of the back being adjustable. As the wedge
surfaces 318, 334 slide past each other, the upper
back support 294 is pivoted relative to the lower
back member 172 to a desired setting. Preferably, the
actuator 326, configured with the 20grippable member
348, extends laterally outwardly adjacent a side
portion of the seat, or rearwardly thereof, and in
particular adjacent or rearwardly of a rear side
portion of the seat, such that it is readily
accessible to a user seated in the chair. In this
way, the initial upright setting of the backrest can
be adjusted to accommodate different users with
different back and spinal 25postures/curvatures. This
adjustment of the initial angle of the backrest is
independent of any of the kinematic/dynamic movements
of the backrest relative to the seat, but rather is a
static fit adjustment. As such, the forward, nominal
or rearward adjustment is then held throughout the
tilt range of the chair, for example from the upright
position through the intermediate lilt 30position to
the full tilt position.  WO
2008/094865PCT1US2008/052208 



44 [00197]-In addition, the backrest is provided with
a mechanism that allows an upper portion 354 of the
back to pivot or flex relative to a lower portion 304
of the back between a neutral position and an
extended position, as shown in FIGS. 3D, 15 and 54.
The ability of the upper portion to pivot 5 relative
to the lower portion is independent of the tilt
position of the back. The upper portion 354 is
pivotable relative to the lower portion when the
tilting of the lower portion is limited or
restrained, for example when the pivotable movement
of the seat frame 72 or bracket 166, which is fixedly
attached to the lower portion 304, is limited. In
some instances, the upper 10portion may be pivotable
or flexed to an extended position even when the seat
frame or bracket is not restrained, for example when
the position or weight of the user balances the seat
such that it does not pivot rearwardly against the
biasing the force of the springs. [00198]As explained
above, the rear tilting of the seat bracket 166 is
15limited by the position of the tilt limiter 180 or
stop member 178 relative to the tilt control housing
2. For example, as shown in FIGS. 18 and 19, the seat
is tilted rearwardly from an upright position to a
reclined position, wherein the tilt limiter 180, or
the engagement of the stop member 178 in the top of
the slot 170, prevents further recline of the seat.
At this juncture, the use can arch 20their back, or
stretch rearvvardly so as to move or pivot the upper
portion 354 of the back and upper back support 294
rearwardly relative to the lower portion of the back
frame 302 and the seat bracket 166. As the user
biases the upper portion 354, the lower back support
172 pivots away from an engagement with the seat
bracket 166 against the force of the springs 202, 25
which act of the lower back support 172 as shown in
FIGS. 5 and 20. In this way, a single biasing
assembly (the pair of leaf springs) biases the seat
and back during normal use of the chair, and biases
only the upper portion of the back by way of the
bracket 172 and support 294 during the extension use
of the chair, with the seat being supported by the
tilt limiter 180 or stop member 30178. In various
embodiments, the upper portion can be pivoted
relative to the  WO 2008/094865PCT/US2008/052208 45
lower portion, or the upper support relative to the
seat bracket, between about 2 and 10, and desirably
about 6. [00199]In essence, the back has three levels
of adjustment/range of motion: (1) tilt range - from
upright through intermediate recline to full 5recline
(can be arrested in various positions by a tilt
limiter); (2) back angle 



adjustment - from forward to nominal to rearward
(independent of tilt range); and (3) thoracic
adjustment - neutral v. extended (independent of tilt
range and back angle adjustment). The back preferably
has a tilt range of about 4 to 22, and more desirably
about 18. It should be understood that the back is
10infinitely adjustable throughout the tilt range and
back angle adjustment, and is not limited to the
three positions listed for each. For example, the
flit range includes an infinite number of
intermediate recline positions, although the seating
structure can be arrested in a limited number of such
positions as defined by the steps of the tilt
limiter. Likewise, the back angle includes an
15infinite number of nominal positions between the
forwardmost and rearwardmost positions Finally, the
user can move the thoracic region through a
continuous range of positions from the neutral to
extended positions, particularly when the seat is
restrained by the stop or tilt limiter.
[00200]Referring to FIGS. 24-26, 34, 37,46 and 48,
and as mentioned 20previously, the upper support
member 294 includes a spine 306 extending upwardly
along a centerline of the back. A pair of arms 356
extend laterally outwardly and upwardly from the
spine. A plurality of teeth or tabs 357 extend from
the arms for engagement with a carrier member or
other covering. The spine is preferably made of
aluminum, steel, fiberglass, composites, 25plastic,
or some other rigid but resilient material. The spine
can be made of various materials, such as Capron
8233G - 33% Glass Filled Nylon 6. [00201]The ends 358
of the arms are pivotally secured to upper corners
364 of the frame member 302 about a horizontal pivot
axis 360. The frame 302 can be made of various
plastic, metal or composite materials, including
30for example and without limitation a nylon
material, or a nylon, elastomeric material. An upper
thoracic region 362 of the spine is fixedly secured
to a first  WO 2008/094865PCT/US2008/052208 46 cross
member 366 of the frame, for example with screw or
other mechanical fasteners, with the first cross
member being longitudinally spaced from a top cross
member 368 of the frame. As shown in FIGS. 34, 39 and
46-48, the thoracic region 362 is configured with
four lugs or flanges 363 that are 5secured to the
cross member 366 with a connector member 365. In one
embodiment, as shown in FIGS. 62 and 67, a pair of
flanges extend rearwardly from the cross member 366.
The flanges formed a generally U or V shape in cross
section. The connector 365 can be formed integrally
or separately from one or both of the spine 294 and
frame 302. Likewise, the thoracic region can 



10be directly secured to the cross member 366 or
other component of the frame 302. Second and third
cross members 370,372 are further longitudinally
(vertically) spaced between the first cross member
and a bottom portion 304 or cross member, which is
fixedly secured to the seat frame, as explained
previously. The first and second cross members 366,
370, and the third and  15 bottom cross members 372,
374 are each connected with a centrally located
connector member 376, 378. Likewise, the second and
third cross members 370, 372 are connected with a
pair of laterally spaced connector members 380 spaced
sideways from the centerline of the back frame.
[00202]A number of whiffle structures, or levers
rotatable about an 20intermediate fulcrum, are
coupled to the frame, or are integrally formed as
shown in FIGS. 96 as part of the frame without side
frame members or portions of cross members extending
to the side frame members. For example, a first
series of longitudinal levers 382 extends
(vertically) from the first cross member in the
thoracic region, with the first cross member 366  25
providing some torsional resistance as the levers
rotate in opposite first and second directions about
an axis defined by the first cross member. A second
series of levers 384 extends laterally from each end
of each of the first series of levers, with the first
series of levers each providing torsional resistance
as the each of the second series of levers rotates in
opposite first and second 30directions. A third
series of levers 386 extends laterally from each end
of the second series of levers 384, again with the
second series of levers providing  WO
2008/094865PCT/11S2008/052208 47 torsional msistance
as each of the third series of levers rotates.
Finally, a fourth series of levers 388 extends
laterally from each end of each of the third series
of levers with the same torsional relationship. Each
end 390 of each of the fourth series of levers is
configured as a node, with an attachment location
5configured to be connected to an individual pad. A
plurality of the pads are connected to form a unitary
pad structure, shown in HG. 35. [00203]Referring to
FIG. 34, a first series of levers 394 extends
laterally from the central connecting members 380,
with an outer leg being longer than an inner leg of
each of the first series of levers. A second series
of  10 levers 396 is secured to each end of each of
the first series of levers, while a third series of
levers 398 is secured only to the ends of the outer
second series of levers 396. The inner second series
and the third series of levers are each configured
with a node 390 at the end of the lever.
[00204]Finally, a first series of levers 400 extends
laterally from a pair 



15of relatively rigid arms 402 extending
longitudinally upwardly from the bottom cross member
304, with an outer leg being longer than an inner leg
of each of the first series of levers. A second
series of levers 404 is secured to each end of each
of the first series of levers, while a third series
of levers 406 is secured only to the ends of the
outer second series of levers. The inner 20second
series and the third series of levers are each
configured with a node 390 at the end of the lever.
[00205]Of course, it should be understood that
various configurations of levers, with varying
numbers of series, can be used to support the back of
the user. The preferred embodiment shown in FIG. 34
provides various 25advantages. [00206]For example, in
one alternative embodiment shown in FIGS. 87-91, 96
and 97, portions of the cross-members and side frame
members are omitted. In this embodiment, the arms 900
are formed as a separate antler structure, which is
pivotally coupled to the spine 902 with a shaft or
axle 904 30about a pivot axis 906. A pair of bushings
908, 910 supports the shaft in each of the spine and
antler structure. The ends of the shaft 904 are
captured in a  WO 2008/094865PCT/US2008/052208 48 cap
member 912, which is coupled to the lever frame 950
structure, for example with a pair of screws. Of
course, it should be understood that the shaft 904
could be coupled to any of the three members (spine
902, antlers 900 or lever frame structure 950), and
rotatable relative to the others thereof. In
5addition, the shaft can be secured to lugs formed in
any of the three members, or the shaft can be
integrally formed on one of the three members. In any
event, the lever frame structure 950 and the antler
structure 900 are allowed to pivot relative to the
spine 902 about the pivot axis 906. The ends 914 of
the antler arms are pivotally secured to a cross
member 952 extending between 10and laterally
outwardly from upwardly extending end portion of the
outboard levers 982, as shown in FIGS. 96 and 97. A
pin 916 or screw is snap fitted to 



secure the ends 914 of the antis to the cross-member
952, with the arms pivotally bearing on the cross
member. Alternatively, as shown in FIG. 89, the ends
of the arms 926 can be configured with the cross
member 928, which  15 is pivotally secured to the
ends of the lever arms 982. In one embodiment, shown
in FIG. 89, the spine includes slots 920, which
receive lug members 922 extending forwardly from the
antler structure and pivotally engaging the shaft 904
about the pivot axis 906. The cover 930, when
disposed over the antler structure, forms a rear hood
member. The upper thoracic portion of the 20backrest
and hood is allowed to rotate about the pivot axis,
thereby conforming to the position of the body of the
user as the user tilts rearwardly in the chair.
[00207]Each of the cross members, connecting members
and levers 366, 370, 372, 378, 380, 376, 382, 384,
386, 388, 394, 396, 398, 400, 402, 25404, 406, 982
are preferably configured with a U-shaped cross
section. The central portion of the second cross
member 370 is further configured with a plurality of
ribs 408 that increase the torsional stiffness of the
cross member 370, making it more resistant to
twisting about a laterally extending axis thereof. In
this way, the upper regions of the back, defined
between the third 30cross member 370 and the top
cross member 368 tend to rotate or twist about the
third cross member, which has less torsional
stiffness than the second cross  WO
2008/094865PCT1US20081052208 49 member 370. At the
same time, the central connecting member 378 also
provides a virtual hinge along the two ends thereof
where it is coupled to the cross member 372 and the
cross member 374. The members 402 are relatively
rigid, thereby maintaining a relatively rigid lower
region of the backrest. As 5such, when the user
extends their back by rotating the upper portion 354
of the back, and pivoting the back support 294, the
upper portion tends to bend or rotate about the third
cross member. At the same time, each of the
individual levers can twist or rotate in response to
the movement of the user and provide a balanced
support for the user's back. As the user rotates
upper portion 354, 10the lower portion 304, for
example at levers 406, does not flex or rotate,
thereby providing firm support for the lower back and
sacral region of the user. At the same time, the
lumbar region bends or rotates proportionally to the
distance between the lower cross member 374 and the
upper cross member 366, thereby providing
intermediate support to the lumbar region of the
user's 15back. 



[00208]Referring to FIGS. 35 and 35A, the pad
structure 416 is integrally formed with a plurality
of pads 392 corresponding to the number of nodes 390
formed at the ends of the lever structures. A series
of slots are formed between the individual pads to
allow each pad to flex independently 20with the
corresponding lever node, while maintaining some
connectivity between the pads and nodes. In one
embodiment, each pad is separated along each side
thereof from another pad by a pair of elongated slots
or slits 418, and two pairs of spaced apart sets of
three slits 420, 422. The pair of elongated slits are
disposed between the three slits in each set. The
middle slit 422 in 25 each longitudinally and
laterally extending set extends across the entirety
of the junction between pads and forms part of the
middle slit in adjacent sets of the three slits. In
addition, the outer slits 420 of the laterally
extending sets extend across the entirety of the
junction between pads and forms part of the outer
slits in adjacent sets of the three slits. The slits
form connectors 426 that 30resemble figure 8
structures, with the top and the bottom of the "8"
connected to the pad.  WO
2008/094865PCTfUS2008/052208 50 [00209]At an
approximate mid point of the pad structure, i.e., the
portion overlying the second cross member 370, the
pad structure transitions from six pads extending
laterally across the backrest to eight pads extending
laterally across the backrest, with four centrally
located pads above the cross 5member transitioning to
two centrally located pads below. In this transition
area, a lower, outer third slit 430 is made shorter,
and the upper laterally extending slit is split into
two slits 432, with the third middle slit 434 not
extending into the lower pad structure. Additional
decorative openings can be formed in each pad. For
example as shown in FIGS. 68-70 and 95, alternative
10pad structures are shown. In FIG. 68, S-shape
strips 661 connect adjacent pads. [00210]A rear side
of each pad is provided with a socket 438. As best
shown in FIG. 46, a rubber grommet 440 is disposed
between each pad and a corresponding node 390 of the
lever. In one embodiment, the pad structure is  15
formed by a two-shot mold process, with the pad
formed, and a rivet molded onto the pad Conversely,
the lever arm can be made from a two-shot mold
process. In other embodiments, the pad and frame can
be made by way of a two-shot or three-shot process.
[00211]For example, in a three-shot process, and
referring to FIG. 71, a 



20compliant material 395 is molded (but not bonded)
onto the back side of the molded levers and through
an opening 393 in the node 390. The pad structure is
then molded and bonded to the resilient material 395.
In operation, the pad 392 flexes relative to the node
390 by way of the resilient material.
[00212]Referring to FIG. 72, a two-shot process
includes forming a 25socket 397 in the
resilient/compliant material 395. A post 399 formed
on the back side of the pad is engaged with the
socket by way of snap-fit. [00213]Referring to FIG.
73, another two-shot process includes forming an
elongated post 381 that extends through the compliant
material and to a front side of the pad 392. The end
383 of the post is deformed, for example by 30way of
heat stake, so as to secure the pad to the resilient
material, which also forms an outer post mating with
an opening in the pad.  WO
2008/094865PCT/US2008/052208 51 [00214]Referring to
FIG. 74, instead of using a resilient/compliant
material, the pad structure is provided with a
geometry that permits rotation or pivoting of the pad
relative to a post 381 of the lever node. In
particular, the through opening 385 in the pad is
tapered or provided with a frusto-conical 5such that
the opening is larger on the front side so the pad
can rotate relative to the post. An end 383 of the
post is again deformed to secure the pad to the post.
A recess is formed in the pad to receive the deformed
head and form a flush surface. [00215]Referring to
HG. 75, a post 371 extends rearwardly from the 10pad
392. The post can be formed form a compliant,
resilient material. The post extends through a socket
373 formed in the lever node 392, with the socket
having a tapered or frusto-conical shaped geometry
permitting rotation or pivoting of the post relative
to the socket. An end portion of the post 371 can be
deformed, for example by heating, to secure the pad
structure to the 15frame 302. 



[00216]Referring to FIG. 76, the pad structure is
provided with a support nodule having an exterior
spherical shaped support surface 363 and a through
opening 365 with a tapered or frusto-conical shape.
The lever or node 392 is provided with a post 361 and
a circumferential or annular support rim 20367 having
a tapered or rounded shoulder that slides relative to
the exterior surface 363 of the nodule. The exterior
surface 363 and the shape of the through hole 365
permit rotation or pivoting of the pad relative to
the lever. The end of the post 361 is deformed to
secure the pad to the frame 302. [00217]Referring to
FIGS. 1 and 37-38, an outer cover 442, such as a
25fabric layer, is disposed over the body side
surface of the pad structure. A carrier member 444 is
secured to the peripheral edge of the cover and is
engaged with a ribbed peripheral edge 446 of the
frame and the arms 357 of the back support to secure
the cover to the back. In an alternative embodiment,
shown in FIGS. 55A and 55B, a cover having a primary
web 30member 447 is secured to an elastic web
component 449, for example by stitching with the seam
directed inwardly away from the body-facing surface.
WO 2008/094865PCT/US2008/052208 52 The web component
449 in turn has an edge portion 451 that engages the
peripheral edge of the frame, whether on the back or
the seat. 1002181Referring to FIGS. 91-94, where the
whiffle structure does not have any side frame
members, the fabric is instead secured to the pad
structure 990 and lever frame 950. In particular, an
edge portion 992 of the outermost pad structure is
stepped down from the remainder of the pad structure.
An attachment strip 996 is secured to the fabric or
outer cover 930, which wraps around the strip and
includes an edge portion disposed between the strip
and pad structure. The fabric can be further secured
to the strip, for example by 10bonding, stitching,
snaps or other mechanical fasteners, or combinations
thereof The end of the lever or node 390 includes an
opening or channel therethrough. One portion of the
opening 994 includes a ramped portion 1002 formed
along a side thereof, with the ramp progressively
traversing toward the center of the channel A recess
or void 1004 is positioned on the other side of 15the
channel from the ramp. A catch portion 1006 of
shoulder is formed around the bottom of the channel.
A fastener 1008 or pin includes a tapered head
portion 1114 mating with a tapered mouth 1110 formed
in an opening of the fabric strip 996, and a pair of
enlarged annular portions 1112 that are disposed in
an upper, substantially cylindrical portion of the
opening formed 20in the lever node. The pin further
includes a bottom head 1116 portion, or 



catch, which engages the catch 1006 of the lever with
a snap-fit engagement. During installation, the
bottom head 1116 slides along the ramp 1002 with the
shaft of the fastener bending as the head is biased
into the recess 1004 formed opposite thereof until
the head 1116 slides past the catch, with the head
then 25snapping back into engagement with the catch
portion. In this way, the fabric strip 996 and fabric
are secured to the whiffle structure, while providing
an aesthetically pleasing and flexible edge. The pad
structure 990 includes an opening 994 shaped to
received an end or post portion of the node. The node
includes an annular shoulder 1120 having a catch
portion 1122 disposed 30around the end or post
portion, which engages a bottom or rear surface of
the pad structure. When installed, the pin 1008
sandwiches the pad structure 990  WO
2008/094865PCT/U52008/052208 53  and cover 930
between the fabric strip 996 and whiffle structure
950. The opening 994 in the pad structure can be
elongated or slotted in at least one direction (e.g.,
vertical), as shown in FIGS. 94 and 95, so to allow
relative motion between the pad structure 990 and
whiffle structure 950. In addition, 5as shown in FIG.
95, the slits 1124 defining the pads do not extend to
the edge of the overall pad structure along the sides
and top thereof, so as to provide some additional
rigidity to the edge portion of the pad structure,
for example where the fabric strips are attached. In
addition, the slits do not carry through laterally
along the bottom of the pad structure between at
least the center four 10 pads of the first two rows,
or longitudinally between the four pads of the center
columns, such that the lower sacral area thereof is
provided with additional rigidity. [00219]Although
the present invention has been described with
reference to preferred embodirnents, those skilled in
the art will recognize that 15changes may be made in
form and detail without departing from the spirit and
scope of the invention. As such, it is intended that
the foregoing detailed description be regarded as
illustrative rather than limiting and that it is the
appended claims, including all equivalents thereof,
which are intended to define the scope of the
invention. 20  54 What is claimed is: 



1.A seating structure comprising: a base component; 5
a first link pivotally connected to said base
component at a first horizontal pivot axis; a second
link pivotally connected to said first link at a
second horizontal pivot axis spaced from said first
pivot axis, wherein said second link comprises a
portion extending in a longitudinal direction; 10a
third link pivotally connected to said second link at
a third horizontal pivot axis spaced from said second
pivot axis in said longitudinal direction, wherein
said third link is pivotally connected to said base
comPonent at a fourth horizontal pivot axis spaced
from said first pivot axis, and wherein said third
fink comprises a portion extending in said
longitudinal direction; and 15a seat having a front
thigh supporting region coupled to said
longitudinally extending portion of said second link
and a rear buttock supporting region coupled to said
longitudinally extending portion of said third link,
wherein said rear buttock supporting region is spaced
rearwardly from said thigh supporting region in said
longitudinal direction; 20wherein said third link is
pivotable in a first direction relative to said
second  link about said third pivot axis between an
upriont position and a reclined position, wherein an
upper surface of said rear region of said seat forms
an angle of greater than 180 degrees relative to an
upper surface of said front region when said third
link is in said reclined position, and wherein said
upper surface of said front region is 25positioned in
a first position when said third link is in said
upright position, and       wherein said upper
surface of said front region is positioned in a
second position when said third link is in said
reclined position, wherein no portion of said upper
surface is positioned higher when said upper surface
is in said second position relative to said first
position. 30 



2.The seating structure of claim 1 wherein said angle
between said upper surfaces of said rear region and
said front region of said seat is approximately 180
degrees when said third link is in said upright
position. 353.The seating structure of claim 1
further comprising a backrest having a lower portion
non-pivotally coupled to at least one of said rear
region of said seat and said third link.  55 4.The
seating structure of claim 3 wherein said backrest
further comprises an upper portion, and further
comprising a back support member coupled to said
upper portion and pivotally connected to said base
component about a fifth horizontal pivot axis. 5  5.
The seating structure of claim 4 further comprising a
stop member positioned to limit the pivotable
movement of said third link in said first direction.
6. The seating structure of claim 5 wherein said stop
member engages said third 10link to limit the
pivotable movement of said third link in said first
direction.  7. The seating structure of claim 1
wherein said second and third links are pivotally
connected with a living hinge, wherein said living
hinge defines said third pivot axis as a virtual
pivot axis. 15 8The seating structure of claim 7
wherein said living hinge comprises a leaf spring
joining said first and second links.  9. The seating
structure of claim 1 wherein said third horizontal
axis is 20positioned rearwardly of said fourth
horizontal axis.  10. The seating structure of claim
1 wherein said third and fourth horizontal axes are
substantially vertically aligned. 



2511.A seating structure comprising: a base
component;        a first link pivotally connected to
said base component at a first horizontal pivot axis;
a second link pivotally connected to said first link
at a second horizontal pivot 30axis spaced from said
first pivot axis, wherein said second link comprises
a portion extending in a longitudinal direction;
a third link pivotally connected to said second link
at a third horizontal pivot axis spaced from said
second pivot axis in said longitudinal direction,
wherein said third link is pivotally connected to
said base component at a fourth horizontal pivot
35axis spaced from said first pivot axis, and wherein
said third link comprises a portion extending in said
longitudinal direction;  56        a seat having a
front, thigh supporting region coupled to said
longitudinally extending portion of said second link
and a rear buttock supporting region coupled to said
longitudinally extending portion of said third link,
wherein said rear buttock supporting region is spaced
rearwardly from said thigh supporting region in said
5longitudinal direction; wherein said third link is
pivotable in a first direction relative to said
second link about said third pivot axis between an
upright position and a reclined position, wherein an
upper surface of said rear region of said seat forms
an angle of greater than 180 degrees relative to an
upper surface of said front region when said third
link 10is in said reclined position; and a backrest
having a lower portion non-pivotally coupled to at
least one of said  rear region of said seat and said
third link, and an upper portion, and a back support
member coupled to said upper portion and pivotally
connected to said base component about a fifth
horizontal pivot axis, wherein said fourth and fifth
pivot axes 15are coincidental. 12.A seating structure
comprising: 



a base component; a first link pivotally connected to
said base component at a first horizontal 20pivot
axis; a second link pivotally connected to said first
link at a second horizontal pivot axis spaced from
said first pivot axis, wherein said second link
comprises a portion extending in a longitudinal
direction; a third link pivotally connected to said
second link at a third horizontal pivot 25axis spaced
from said second pivot axis in said longitudinal
direction, wherein said third link is pivotally
connected to said base component at a fourth
horizontal pivot axis spaced from said first pivot
axis, and wherein said third link comprises a portion
extending in said longitudinal direction; a seat
having a front, thigh supporting region coupled to
said longitudinally 30 extending portion of said
second link and a rear buttock supporting region
coupled to said longitudinally extending portion of
said third link, wherein said rear buttock supporting
region is spaced rearwardly from said thigh
supporting region in said longitudinal direction;
.wherein said third link is pivotable in a first
direction relative to said second 35link about said
third pivot axis between an upright position and a
reclined position, wherein an upper surface of said
rear region of said seat forms an angle of greater
57 



than 180 degrees relative to an upper surface of said
front region when said third link is in said reclined
poSition; a backrest having a lower portion
non-pivotally coupled to at least one of said
rear region of said seat and said third link, and an
upper portion, and a back support 5member coupled to
said upper portion and pivotally connected to said
base component about a fifth horizontal pivot axis;
and a stop member positioned to limit the pivotabie
movement of said third link in    said first
direction, wherein said stop member is adjustably
moveable to limit said pivotable movement of said
third link in said first direction at a plurality of
reciined 10positions. 13.A seating structure
comprising: a base component; a first link pivotally
connected to said base component at a first
horizontal 15pivot axis; a second link pivotally
connected to said first link at a second horizontal
pivot axis spaced from said first pivot axis, wherein
said second link comprises a portion extending in a
longitudinal direction; a third link pivotally
connected to said second link at a third horizontal
pivot 20axis spaced from said second pivot axis in
said longitudinal direction, wherein said third fink
is pivotally connected to said base component at a
fourth horizontal pivot axis spaced from said first
pivot axis, and wherein said third link comprises a
portion extending in said longitudinal direction; a
seat having a front, thigh supporting region coupled
to said longitudinally 25extending portion of said
second link and a rear buttock supporting region
coupled to 



said longitudinally extending portion of said third
link, wherein said rear buttock supporting region is
spaced rearwardly from said thigh supporting region
in said longitudinal direction; wherein said third
link is pivotable in a first direction relative to
said second 30link about said third pivot axis
between an upright position and a reclined position,
wherein an upper surface of said rear region of said
seat farms an angle of greater than 180 degrees
relative to an upper surface of said front region
when said third link is in said reclined position; a
backrest having a lower portion non-pivotally coupled
to at least one of said 35rear region of said seat
and said third link, and an upper portion, and a back
support member coupled to said upper portion and
pivotally connected to said base component about a
fifth horizontal pivot axis; and  58 a stop member
positioned to limit the pivotable movement of said
third link in said first direction, and wherein said
back support member is pivotabie relative to said
third link about said fifth horizontal pivot axis
between a neutral position and an extended position
when the pivotalele movement of said third link is
limited.  14. The seating structure of claim 13
wherein one of said back support member and said
third link comprises a track and the other of said
back support member and said third link comprises a
guide, wherein said guide moves in said track as said
back support member pivots relative to said third
link between said neutral and 10extended positions.
15. The seating structure of claim 13 further
comprising at least one spring biasing said back
support member and said third link from said reclined
position to said upright position. 15 



16. The seating structure of claim 15 wherein said
spring engages said back support member. 17. The
seating structure of claim 15 wherein said spring
comprises a leaf spring. 20 18. A method of using a
seating structure comprising: providing a base
component; a first link pivotally connected to said
base component at a first horizontal pivot axis; 25a
second link pivotally connected to said first Fink at
a second horizontal pivot axis spaced from said first
pivot axis, wherein said second link comprises a
portion extending in a longitudinal direction; a
third link pivotally connected to said second link at
a third horizontal pivot    axis spaced from said
second pivot axis in said longitudinal direction;
wherein said 30third link is pivotally connected to
said base component at a fourth horizontal pivot axis
spaced from said first pivot axis, and wherein said
third link comprises a portion extending in said
longitudinal direction; and a seat having a front,
thigh supporting region coupled to said
longitudinally extending portion of said second link
and a rear buttock supporting region coupled to 35
said longitudinally extending portion of said third
link, wherein said rear buttock supporting region is
spaced rearwardly from said thigh supporting region
in said longitudinal direction; and  59 



pivoting said third link in a first direction
relative to said second link about said third pivot
axis between an upright position and a reclined
position, and thereby forming an angle of greater
than 180 degrees between an upper surface of said
rear region of said seat and an upper surface of said
front region when said third link is in 5said
reclined position, and preventing an entirety of said
upper surface of said front region from moving
upwardly as said third link is pivoted into said
reclined position.     19. The method of claim 18
further wherein Said pivoting said third link
comprises pivoting a lower portion of a backrest
coupled to at least one of said rear region of 10said
seat and said third link.  20. The method of claim 18
further comprising pivoting an upper portion of said
backrest relative to said base component about a
fifth horizontal pivot axis. 1521.The method of claim
18 wherein said third horizontal axis is positioned
rearwardly of said fourth horizontal axis.  22. The
method of claim 18 wherein said third and fourth.
horizontal axes are substantially vertically aligned.
20  23. A method of using a seating structure
comprising: providing a base component; a first link
pivotally connected to said base component at a first
horizontal pivot axis; 25a second link pivotally
connected to said first link at a second horizontal
pivot axis spaced from said first pivot axis, wherein
said second link comprises a portion extending in a
longitudinal direction;        a third link pivotally
connected to said second link at a third horizontal
pivot axis spaced from said second pivot axis in said
longitudinal direction, wherein said 30third link is
pivotally connected to said base component at a
fourth horizontal pivot axis spaced from said first
pivot axis, and wherein said third link comprises a
portion extending in said longitudinal direction; and
a seat having a front, thigh supporting region
coupled to said 



longitudinally extending portion of said second link
and a rear buttock supporting 35region coupled to
said longitudinally extending portion of said third
link, wherein said rear buttock supporting region is
spaced reanivardly from said thigh supporting region
in said longitudinal direction;  60       pivoting
said third link in a first direction relative to said
second link about said third pivot axis between an
upright position and a reclined position, and thereby
forming an angle of greater than 180 degrees between
an upper surface of said rear region of said seat and
an upper surface of said front region when said third
link is in 5said reclined position; and pivoting an
upper portion of a backrest relative to said base
component about a fifth herizontal pivot axis,
wherein said fourth and fifth pivot axes are
coincidental. 24. The method of claim 23 further
comprising limiting the pivotable movement of 10said
third link in said first direction. 25. The method of
claim 24 wherein said limiting the pivotable movement
of said third link comprises engaging said third link
with a stop member. 1526.The method of claim 25
further comprising pivoting an upper back portion
relative to said third link about said fifth
horizontal pivot axis between a neutral position and
an extended position when the pivotable movement of
said third link is limited. 2027.A seating structure
comprising: a seat comprising a forward portion and a
rear portion each having an upper body support
surface, wherein said seat is bitable between at
least an upright tilt position and a reclined tilt
position, wherein said rear portion is automatically
pivotable relative to said forward 



25portion as said seat is tilted between said upright
and said reclined tilt positions, wherein said upper
body support surface of said rear portion forms an
angle of greater than 180 degrees relative to said
upper body support surface of said forward portion
when said seat is in said reclined position, wherein
said forward portion is moveable from a first
position to a second 30position as said seat is
tilted between said upright and said reclined tilt
positions, and        wherein no portion of said
upper body support surface of said forward portion is
positioned higher when said forward portion is in
said second position relative to said first position.
3528.The seating structure of claim 27 wherein said
angle between said upper body support surfaces of
said rear portion and said forward portion of said
seat is approximately 180 degrees when said seat is
in the upright tilt position.  61  29. The seating
structure of claim 27 further comprising a backrest
having a lower portion non-pivotally coupled to said
rear portion of said seat.  30. The seating structure
of claim 29 wherein said backrest further comprises
an upper portion, and further comprising a back
support member coupled to said upper portion and
pivotally connected to a base component.  31. The
seating structure of claim 30 further comprising at
least one spring biasing said back support member to
an upright position.  32. The seating structure of
claim 31 wherein said spring comprises a leaf spring.






