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ABSTRACT

A back construction for a seating unit has a back frame, a compliant back including
a back shell formed from a resiliently flexible polymeric sheet having a flexible torwardly-
protruding lumbar support section that can be flexed to a plurality ot different shapes. A
force-generating mechanism is operably attached to at least one of the compliant back and
the back frame. The force-generating mechanism is constructed to provide a biasing force
that biases the lumbar support section forward to provide support for a seated user's back.

The force-generating mechanism characteristically provides the biasing torce without

forcing a shape change in the comphant back.
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SYNCHROTILT CHAIR WITH ADJUSTABLE SEAT. BACK
AND ENERGY MECHANISM

This application is a divisional application of co-pending application Serial No. 2,304,816, filed
5 October 19, 1998,

BA RO
The present invention concerns chairs having a reclineable back, a forwardly
movable/tiltable seat that moves with a synchronous movement as the back-1s recl'med; and an
10 adjustable energy mechanism for supporung the back during recline.

A synchrotilt chair is described in U.S. Patent Nos. 5,050,931; 5,567,012; 4,744.603;
and 4,776,633 (10 Knoblock et al.) having a base assembly with a control, a reclineable back
pivoted to the control, and a seat operably mounted to the back and control for synchronous
mouon as the back is reclined. This prior art chair incorporates a semi -rigid flexible shell that,

15 In combination with the chair support structure, provides a hi ghly-controlled postural support

during the body movements associated with tasks/work (e.g.. when the back is in an upnght
posiion) and during the body movements associated with recline/relaxation (e.g., when the
chair 1s in a reclined position). This prior art chair moves a seated user's upper body away
from the user's work surface as the user reclines, thus providing the user with more area 10
20 stretch. However, we have discovered that often users want 1o remain close to their work
surface and want w0 contnue 10 work at the work surface. even while recliming and relaxing
their body and while having continued postural support. In order to do this in the synchrotut
chair of U.S. Patent No. 5,050,931, users must scoot their chair forwardly after they recline so
that they can still easily reach their work surface. They must also push away when they move
25 - back 10 an upright position to avoid being pushed against their work surface. "Scooting” back
and forth once or twice is perhaps not a serious problem, but often users, such as office
workers using computers, are constantly moving berween upright and reclined positons. such
that the process of repeatedly SCOOIing back and forth becomes annoying and disconcerting. In

fact, moving around and not staying in a single static position 1s important to good back health
30 in workers whose jobs require a lot of sitting.

Another disadvantage of moving a seated user's upper body significantly rearwardly

upon recline is that the user's overall center of gravity moves rearward. By providing a more
constant cemter of gravity, it is possible to design a reclineable chair having greater recline or

height adjustment without sacrificing the overall stability of the chair. Also, reclineable chairs

that move a seated user's upper body significantly rearwardly have a relatively large foorprint,

such that these chairs may bump into furniture or a wall when used in small offices or in a
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compact work area. Stll another disadvantage is that large springs are required in these
existng reclineable chairs for back support, which springs are difficult to adjust due 1o the
forces generated by the springs. However, the tension of these springs preferably should be

adjustable so that heavier and lighter weight users can adjust the chair to provide a proper
amount of support.

Concurrently, secated users want to be able to easily adjust the spring tension for
providing support to the back during recline. Not only do heavier/larger people need
greater/firmer back support than lighter/smaller people, but the amount of support required
changes at a greater rate during recline. Specifically, lighter/smalier people need a lesser initial
level of support as they begin to recline and need a moderately increased level of support as
they conunue to recline; while heavier/larger people need a significantly higher minimum initial
level of support as they begin to recline and need a significantly increased level of support as
they connnue to recline. Restated, 1t is desirable to provide a chair that is easily adjustable in
its initial level of support to the back during initial recline and that automatically also adjusts the
rate of increase in support during recline. Further, it 1s desirable to provide a mechanism 10
allow such an easy adjustment (1) while seated; (2) by a relauvely weaker person; (3) using
easily manipulatable adjusunent controls; and (4) while doing so with a control that is not easily
damaged by a relauvely swong person who may "overtorque” the control. Further, a compact
spring arrangement is deswed 10 provide optumal appearance and to munimize material cost and

part size.

Manufacturers are becoming increasingly aware that adequate lumbar support is very
unportamt to prevent lower back discomfort and distress in waorkers who are seated for long
peniods. A problem 1s that the spinal shape and body shape of workers vary tremendously.
such that 1t 1s not possible to sausfy all workers with the same shape. Further, the desired level
of firrness or force of support in the lumbar area is different for each person and may vary as
a seated user performs different tasks and/or rechines in the chair and/or becomes fatigued. In
fact, a static Jumbar support is undesirable. Instead, it is desirable 10 provide different lumbar
shapes and levels of support over a work day. Accordingly, an adjustable lumbar system 15
desired that 1s constructed to vary the shape and force of lumbar support. At the same time. the

adjustable lumbar system must be simple and easy 1o operate, easily reached while seated,

mechanically non-complex and low cost, and aesthetically/visually pleasing. Preferably,

t2
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adjustment of the shape and/or force in the lumbar area should not result in wrinkies in the
fabric of the chair, nor unacceptable loose/saggy patches in the fabric.

Modemn customers and chair purchasers demand a wide variety of chair options and
features, and a number of options and feawres are often designed into chair seats. However,
improvement In seats is desired so that a seated user's weight is adequately supported on the
chair seat, but simultaneously so that the thigh area of a seated user is comfortably, adjustably
supported 1n -2 manner that adequately allows for major differences in the shape and size of a
seated user's buttocks and thighs. Addiuonally, it is important that such options and features be
incorporated mto the chair construcuon in a way that minimizes the number of paris and
maximizes the use of common parts among different options, maximizes efficiencies of
manufacturing and assembling, maximzes ease of adjustment and the logicalness of adjusument
control posiuoning, and yet that results in a visually pleasing design.

More specifically, 1n regard 1o synchrotilt chairs where the seat and the back pivot with
synchronized angular movements, many synchrotilt chairs have been designed 1o pivot seats
fcarwardly as a user reclines. However. often thcse known seat constructions pivot about a
seat pivot axis located rearward of a front edge of the seat. The result is that the knees of a
seated user are lified, resulting 1n undesired pressure on the seated user's thighs upon recline.
Designung a fiexible front lip into the seat does not fully resolve the undesired thugh pressure
since the thighs are not supported only at a front lip of the seat, but instead are supported along
at least about half of the seat. Locaung a flexible zone substanually rearwardly in a seat. such
as rearward of the hip joint of a seated user, also does not resolve the situation since the weight
of a seated user's upper torso tends to cause a seated user to slip/slide downwardly anc
forwardly oftf of a chair back when the chair back is reclined. This in mrn causes the seated
user to slide forward and off of the seat unless the seat includes a rear zone shaped and oriented
to support the seated user apamnst such forward slip/slide movement. The problem is
compounded by the fact that the hip joint of different seated user's are not always located in the

same relauve locauon on the chair seat, such that one seat design may work well for one seated

user, but not for another seated user.

Rechineable chairs have gamed wide and enthusiastic suppon\ in the chair mndustry.
Reclineable chairs often include a back frame pivoted by back pivots to opposite sides of a base
or control housing to define a back-tilt axis. A problem is that the back pivots do not always

align perfectly with the back-ult axis. This musalignment can be a result of the back pivots
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being skewed at an angle to the back-tilt axis, or from the back pivots being parallei to the
back-tilt axis but non-aligned with 1t, or from the back pivots changing orientation as a person
sits in the chair or reclines in the chair. A net result is that, during recline of the back, at least
one chair component must flex and mechanically give to prevent binding. Typically, either the
control housing or back frame structure deforms, and/or the bearing is sloppy enough to
compensate for the msalignment. If the deformation is large enough or if the chair
components are not designed for such flexing, one of the chair components may break, fail, or
fracture over ume due to cyclical fangue failure. Another problem is that bearings of the back
pivots will rapidly wear from the high forces generated by the misalignment. This results in
looseness mn the back, which can be objectionable in some siwations. Similar problems can
occur 1n synchrotlt chairs where a seat has spaced apart seat pivots that do not accurately align
with a seat-tut axis. It 1s noted that seat pivots must also support a large portion of the weight
of a seated user, thus adding 10 their suess level.

Another problem with known back pivots for chairs is that they can be cumbersome (¢
assemble and/or manually intensive to assemble, as well as' expensive, since holes must be
aligned to receive pivot pins/axies, and the pivot pins/axles must be adeguately but not overly
ughtened and secured. Specifically, during securement, the pivot pins/axles cannot be
overtorqued or the assembly will bind. and also cannot be undertorqued or the assembly will be
unacceptably loose and prone 10 come apart.

Along with the above requirements, any back pivots and seat pivots must be integrated
nto the chair construcuon to provide an acceptable appearance, since they are often located 1n a
highly visible area of a chair,

Accordingly, a chair constucuon solving the aforementioned problems is desired.

| SUMMARY OF INVENTION

In one aspect of the present tnvenuon, a chair includes a base assembly with a control
housing having opposing side flanges and a side pivot, a back pivoted to the base assembly for
movement between upright and reclined positions, and a seat operably supported on the base
assembly and connected to the back for coordinated synchronous movement with the back. An
energy mechamsm is provided for biasing the back toward the upright position. The energy

mechanism includes an extendable/compressible spring positioned transversely in the control
housing with one end supported on one of the side flanges, and further includes a lever pivoted

to the side pivot and having a spring-engaging portion engaging a free end of the spring and
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also having a seat-biasing portion operably connected to.the seat. The side pivot, the spring-
engaging poruon, and the seat-biasing portion are spaced from each other and arranged so that

the spring biases the lever about a fulcrum located generally at the side pivot to bias the back
toward the upright position.

In another aspect of the present invention, a chair has a control housing including a
pivot member, a reclincable back operably connected to the control housing for movement
between upright and reclined posiuons, and an energy source in the control housing. The chair
also includes an mmproved adjustable back tension controller for the chair wherein the pivot
member 1s adjustabie, and a lever engages the energy source and the pivot member and 1s
operably connected to the back for biasing the back to the upright position. The lever and the
pivol member have non-ship unerfacing surfaces, at least one of which is curvilinear, so that the
mterfacing surfaces engage to define a fulcrum as the lever is rotated during recline of the back,

and further so that the fulcrum changes locatuon as the pivot member is adjusted 1o change 4

moment arm over which the energy source operates.

In vet another aspect of the present invention, a chair includes a base assembly, a
component comprising one of a reclineable back and a movable seat pivoted to the base
assembly for movement between first and second positions. and a2 spring with one end
supporied on the base assembly and another end operably connected to the component. The
spring has a length and, when the component 1s moved from the first position to the second
posinon. is sunultaneously longitudinally compressed along the iength and also laterally bent 1n
a direcuon wansverse to the length.

In yet another aspect of the present invenuon. a chair includes a base assembly
including a control housing, a seat slidingly supported on the control housing, a back trame
pivoted 1o the base assembly for movement between upright and reclined positions and operably
attached 10 the seat, so that pivotal movement of the back frame and sliding movement of the
seat are synchronized, and an energy mechanism including a spring having a length and an L-
shaped torque member with a first leg engaging an end of the coil spring, and a second leg
extending generally parallel the length of the spring. The first leg pivotally engages the control
housing at a locaton spaced from the end of the spring. The second leg is operably connected

to one of the seat and the back frame so that the spring biases the torque member in a manner

biasing the back frame toward the upright position.
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In yet another aspect of the present invention, a chair includes a base assembly

including a control housing, a seat slidingly supported on the control housing, a back assembly
pivoted to the base frame for movement between upright and reclined positions and operably
attached to the seat, so that pivotal movement of the back frame and sliding movement of the
seat are synchromzed. The control housing defines a relatively-thin horizontally-extending
compartment under the seat. An adjustable energy mechanism is operably positioned in the
compartment. The adjustable energy mechanism includes an extensibie energy source, a lever
operably connected between the energy source and the seat, and an adjustment member
adjustably pivotally supporung the lever for adjustably controlling force transmitted from the

energy source through the lever to the seat. The energy source, the lever, and the adjusmment

member are movable in horizontal direcuons only so as to operate within the relativelv-thin
horizontally-exiending compartment.

In yet another aspect of the present invention, a chair control includes a control
housing, a component operably attached to the control housing for movement between a
pluraljty of positions, an actuator on the control housing operably connected to the component
for controling movement of the component, a2 mamually-operable handle for operating the

actuator, and an overtorque device connecung the handle to the acmator. The overtorque

device 1s constructed to limit force transmitted from the handle to the actuator to a2 maximum

amount to prevent damage to the chair control.

In one aspect, the present mvenuon includes a chair having a base assembly inciuding
opposing side arms, a back frame having configured end sections pivoted to the side arms at
back pivots for rotation about a back-tilt axis, and a seat pivoted to the configured end sections
at seat pivots for rotation about a seat-tilt axis. At least one of the back pivots and the seat

pivots include a rotatable bearing element and a support element flexibly supporting the bearing

elemcnt for rotational movement misaligned with the tilt axis associated with the at least one
axis so that the bearing element rotates about the stud without binding even when the stud is
musaligned with an associated one of the back-tilt axis and the seat-tilt axis. In a narrower
aspect, the support element 1s made from a resilient rubber.

In another aspect of the present invention, a chair has a base assembly including side
arms, and a back frame having configured end sections pivoted to the side arms at back pivots
for rotation about a back-tilt axis. The back frame is flexible enough to permit the configured

ends to be flexed apart during assembly. The configured end sections and the side arms have



10

15

20

25

30

CA 02663687 2009-04-30

adjacent faces, one of which has a recess therein. A bearing arrangement is located at each
back pivot fo; pivotally connecting the side arms to the respective configured end sections. The
bearing arrangement includes a stud that extends into the recess, and a bearing rotatably

engaging the std, the bearing being removable from the recess but held therein in part by the
proximity of the adjacent faces.

In another aspect, the present mventon includes a method of assembling a chair
comprising steps of providing a chair component with laterally-extending oppositely-facing
protrusions, and providing a back frame with configured end sections having recesses. The
method further mcludes flexing apart the configured end sectons of the back frame and
simultaneously posiioning the recesses of the configured end sections on the protrusions, and
releasing the back frame so that the back frame resiliently returns to an original shape which
holds the back frame in place and pivotally connects the back frame to the chair component.

in yet another aspect of the present invention, a control includes a control housing, a
single stored energy source posiuoned in the control housing providing a compressive force,
and a lever operably interconnected with said single energy source for movement between
upright and rechined posiuons. The single stored energy source both exerts pretension to bias

the lever toward the upnight position and provides resistance to tilung of the lever when

reclining. ‘The control further includes a controlier for regulatng the pretension of the stored

epergy source and ult rate of the lever, with the conwroller beine configured for adjustment

without an operator having to overcome a compressive force of the said single stored energy
source.

In yet another aspect of the presemt invenuon, a charr includes a base assembly
imcluding a conuol bousing, a smgle stored energv source posiuoned in the control housing

providing a compressive force, and a back support operably imterconnected with said single

energy source for movement between upright and reclined positions. The single stored energy
source both exerts pretension to bias the back support toward the upright position and provides
resistance 10 ulung of the back support when reclining. The control further includes a
controlier for regulaung the pretension of the stored energy source and tilt rate of the back
support, the controller including a lever defining an adjustable fulcrum point that can be

adjusted without overcoming the compressive force of the said single stored energy source.

In yet another aspect of the present invention, a control includes a control housing, a

stored energy source posiuoned in the control housing, and a back-supporting first lever
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operably merconnected with said energy source for movement between upright and reclined
positons. The stored energy source both exerts pretension to bias the first lever toward .the
upright posinon and provides resistance to tilting of the first lever when reclining. The control

further includes a controller for regulaung the pretension of the stored energy source of the first

lever. The controller includes a crank lever within the control housing. The crank lever has

one end engaging the stored energy source and the other end operably interconnected with the
first lever. The crank lever has portons between the two ends forming a fulcrum, so that the
energy source biases the crank lever about thc fulcrum to bias the first lever toward the upnght
posuon.

In vet another aspect of the present invention, a control includes a control housing, a
stored energy source posiuoned in the control housing, and a first lever operably interconnected
with said energy source for movement between upright and reclined positions. The stored
energy source both exerts pretension to bias the first lever toward the upright position and
provides resistance to uling of the first lever when recliming. The contro! further includes an
adjustable conwroller for adjustably reglilatingl the pretension of the stored energy source. The
contoller mcludes a manually-operable handle for regulating the pretension of the stored

energy source, and an overtorque device configured to limit the physical force transmitted from
the handle 10 the controller.

Thesz and other feawres and advantages of the present invention will be further
understood and appreciated by those skilled 1in the art by reference to the following

speciiicauon. claims, and appended drawings.

DETAILED DESCRIPTION OF FIGURES

Figs. 1-3 are front, rear, and side perspective views of a reclineable chair embodyving
the present invenuon;

Figs. 4A and 4B are exploded perspective views of upper and lower poruons of the
chair shown in Fig. 1;

Figs. 5 and 6 are side views of the chair shown in Fig. 1, Fig. 5 showing the flexibiity
and adjustability of the chair when in the upright position and Fig. 6 showing the movements of

the back and seat during recline;

Fig. 7 1s a front view of the chair shown in Fig. 1 with an underseat aesthetic cover
removed,
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Fig. 8 15 a top view of the control including the primary energy mechanism, the
moment arm shift adjusunent mechanism, and the back-stop mechanism, the primary energy

mechanisin being adjusted to a relatively low torque position and being oriented as it would be
when the back is in the upright position so that the seat is in its rearward at-rest position, the
back-stop mechamism being in an intermediate position for limiting the back to allow a
maximum recline;

Fig. 8A is a perspective view of the base frame and the chair control shown in Fig. 8,

some of the seat and back support structure being shown in phantom lines and some of the

controls on the control being shown in solid lines to show relative locations thereof:

Fi1g. 9 1s a perspectuve view of the control and primary energy mechanism shown in
Fig. 8, the primary energy mechanism being adjusted to a low torque position and shown as if

the back 1s 1n an upright position such that the seat is moved rearwardly:

Fi1g. 9A 1s a perspective view of the control and primary energy mechanism shown in
Fig. 9, the pimary energy mechanism being adjusted to the low torque position but shown as if

the back 1s In a reclined position such that the seat is moved forwardly and the spring is

compressed;

Fig. 9B 15 a perspective view of the control and primary energy mechanism shown in
Fig. 9, the pnmary energy mechanism being adjusted to a high torque position and shown as if

the back 1s 1n an upright posiuon such that the seat is moved rearwardly:
Fi1g. 9C 1s a perspecuve view of the conuol and primary energy mechamsm shown 1n
Fig. 9, the primary energy mechamsm being adjusted to the high torque position but shown as

if the back 1s 1n a reclined position such that the seat is moved forwardly and the spring is

compressed;

Fig. 9D 1s a graph showing torsional force versus angular deflection curves for the

primary energy mechanism of Figs. 9-9C, the curves including a top curve showing the forces

resulung from the lagh torque (long moment arm engagement of the main spring) and a bottom

curve showing the forces resulting from the low torque (short moment arm engagement of the
main spring);
Fig. 10 is an enlarged top view of the control and primary energy mechanism shown in

F1g. 8, including controls for operatung the back-stop mechanism, the back-stop mechamsm
bemng shown 1n an off position;



10

15

20

25

30

CA 02663687 2009-04-30

!
Fig. 11 1s an exploded view of the mechanism for adjusting the primary energy

mechanism, including the overtorque release mechanism for same; :
Fig. 11A 1s a plan view of a modified back-stop control and related linkages; Fig. 11B
Is an enlarged fragmentary view, partially mn cross section, of the circled area in Fig. 11A: and
Fig. 11C is a cross-sectional view taken along the line XIC-XIC in Fig. 11A;
Fig. 12 15 a side view of the back assembly shown in Fig. 1 including the back frame
and the flexible back shell and including the skeleton and flesh of a seated user, the back shell

being shown with a forwardly-convex shape in solid lines and being shown in different flexed
shapes 1n dashed and douted lines;

Fig. 12A 1s an enlarged perspective view of the back frame shown in Fig. 4A, the back
frame being shown as if the molded polymeric outer shell is wansparent so that the

reinforcement can be easily seen;

Figs. 12B and 12C are cross sections taken along lines XXIIB-XXIIB and XXIC-
XXIOC in Fig. 12A;

Figs. 12D-121 are views showing addiuonal embodiments of flexible back shell
constructions adapted to move sympatheucally with a seated user's back:

Fig. 12J 1s an exploded perspecuve view of the torsionally-adjustable lumbar support
spring mechanism shown in Fig. 4A, and Fig. 12JJ is an exploded view of the hub and spring

connecuon of Fig. 12J taken from an opposite side of the hub;

Fig. 12K 15 an exploded perspecuve view of a modified torsionaliy-adjustable lumbar
support spring mechamsim;

Figs. 121 and 12L.L are side views of the mechanism shown in Fig. 12K adjusted to a
low torque posttion, and Figs. 12M and 12MM are side views of the mechanism adjusted 10 a
ligh torque position, Figs. 121 and 12M highlighung the spring driver, and Figs. 12LL and
12MM highlighting the lever;

Fig. 12N is a fragmentary cross-secuonal side view of the back construction shown 1n
Fig. 12;

Fig. 13 1s a cross-secuonal side view taken along lines XII1-XTII showing the pivots that

interconnect the base frame to the back frame and that interconnect the back frame to the seat
frame:

Fig. 13A 1s a cross-secuonal side view of modified pivots similar to Fig. 13. but
showing an alternative construction,

10
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Figs. 14A and 14B are perspective and front views of the top connector connecting th¢
back shell to the back frame;

Fig. 135 is a rear view of the back shell shown in Fig. 4A;

Fig. 16 1s a perspecuve view of the back including the vertically-adjustable lumbar
support mechamsm shown in Fig. 4A;

Figs. 17 and 18 are front and top views of the vertically-adjustable lumbar support
mechanism shown 1n Fig. 16;

Fig. 19 1s a front view of the slide frame of the verucally-adjustable lumbar support
mechanism shown in kig. 18;

Fig. 20 1s a top view, partially in cross section, of the laterally-extending handle of the
vertically-adjustable lumbar support mechanism shown in Fig. 17 and its attachment to the shide
member of the lumbar support mechanism:;

Fig. 21 1s a perspective view of the depth-adjustable seat shown in Fig. 4B including
the seat carmer and the seat undercarriage/support frame slidably mounted on the seat carmer,
the seat undercarnage/support frame being partially broken away to show the bearings on the

seat carrier, the seat cushion being removed 10 reveal the parts therebelow;

Fig. 22 1s a top view of the seat carrier shown in Fig. 21, the seat undercarriage/rear

frame bemg removed but the seat frame slide bearings being shown and the seat carrier depth-

adjuster stop device being shown;

Fig. 23 1s a top perspective view of the seat undercarmage/rear frame and the seat

carrier shown in Fig. 21 including a depth-adjuster control handle, a linkage, and a latch for

holding a selecied depth posiuon of the seat:

Figs. 24 and 25 are side views of the depth-adjustable seat shown in Fig. 21, Fig. 24
showing the seat adjusted to maximize seat depth, and Fig. 25 showing the seat adjusted 1o
minimize seat depth; Figs. 24 and 25 also showing a manually-adjustable "active” thigh support
system including a gas spring for adjusting a front portion of the seat shell to provide opumal
thugh support;

Fig. 26 1s a top view of the seat support structure shown in Figs. 24 and 25 including
the seat carner (shown mostly in dashed lines), the seat undercarriage/rear frame, the acuve
thagh support systern with gas spring and reinforcement plate for adjustably supporting the front

poruon of the seat, and portions of the depth-adjustment mechanism including a stop for
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limiting the maximum forward and rearward depth adjustment of the seat and the depth-serang
latch;

Fig. 26A 15 a cross section taken along line XXVIA-XXVIA in Fig. 26 showing the
stop for the depth-adjuster mechanism;

Figs. 27 and 28 are top and bottom perspective views of the seat support strucmre
shown 1n Fig. 26,

Figs. 29 and 30 are top and bottom perspective views of a seat similar to that shown in
Fig. 26, but where the manually-adjustable thigh support sysiem is replaced with a passive
thigh support system mncluding a leaf spring for supporting a front portion of the seat; and

Fig. 31 1s a bottom perspective view of the brackets and guide for supporting ends of
the leaf spring as shown in kFig. 30, but with the thigh-supporting front portion of the seat
flexed downwardly causing the leaf spring 1o flex toward a flat compressed condition.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

For purposes of descripuon hcrcih. the erms "upper,” "lower,"” "right," "left," "rear,”
“front,” "verucal,” "horizontal,” and derivatives thereof shall relate to the invention as oriented
in Fig. 1 with a person seated in the chair. However, it is to be understood that the invenuon
may assume various alternative orientauons, except where expressly specified to the conwary .
It is also to be understood that the specific devices and processes illustrated in the attached
drawings and dcscribcd in the following specificauon are sumply exemplary embodiments of the
invenuve concepts defined in the appended claims. Hence, specific dimensions and other
physical characterisucs relatung to the embodiments disclosed herein are not to be considered as

unnecessarilv limiang, unless the claims expressly state otherwise.

A chair construction 20 (Figs. 1 and 2) embodying the present invention includes a
castored base assembly 21 and a reclineable back assembly 22 pivoted to the base 21 for
movement about a stauonary back-tiit axis 23 between upright and reclined positions. A seat
assembly 24 (Fig. 6) 1s pivoted at 1ts rear to the back 22 for movement about a seat-tilt axis 25.
Seat-tilt axus 25 1s offset rearwardly and downwardly from the back-tilt axis 23, and the seat 24
1s slidably supported at 1ts front on the base 21 by linear bearings, such that the seat 24 slides
forwardly and 1ts rear rotates downwardly and forwardly with a synchrotilt movement as the
bgck 22 1s rechined (see Fig. 6). The synchronous motion initiallv moves the back to seat at an

angular synchronous ratio of about 2.5:1, and when near the fully reclined position moves the

back to seat at an angular synchronous ratio of about 5:1. The seat 24 and back 22 movement
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during recline provides an exceptionally comfortable ride that makes the seated user feel very
stable and secure. This is due In part to the fact that the movement keeps the seated user's
center of gravity relatively constant and keeps the seated user in a relatively balanced posiuon
over the chair base. Also, the forward slide/synchronous motion keeps the seated user near

his/her work during recline more than 1n previous synchrotilt chair constructions, such that the

problem of constantly scooung forward after reclining and then scootng rearward when

moving toward an upright position i1s greatly reduced, if not eliminated. Another advantage 1s
that the chair construction 20 can be used close to a wall behind the chair or in a small office,
with less problems resulung from imterference from office furmishings during recline. St
further, we have found that the spring 28 for biasing the back 22 toward an upright position can
be potentially reduced in size because of the reduced rearward shifting of a seated user's weight

in the present chair.

The base mcludes a control housing 26. A pnimary energy mechamsm 27 (Fig. 8) 15

operably posiuoned in control housing 26 for biasing the seat 24 rearwardly. Due 10 the
mterconnection of the back 22 and the seat 24, the rearward bias of the seat 24 1n turn biases
the back 22 toward an upright posiuon. Primary energy mechanism 27 (Fig. 8) includes a main
spring 28 posituoned transversely in the control housing 26 that operably engages a torque
member or lever 54. The tension and torque provided by the main spring 28 1s adjustable via
an adjustable moment arm shift (MAS) system 29 also positioned substantially in the conuol
housing 26. A visual cover 26" (Fig. 1) covers the area between the control housing 26 and
the underside of the seat 24. The back assembly 22 includes a back support or back frame 30
(Fig. 4A) with structure that defines pivots/axes 23 and 25. A flexible/compliant back shell
construction 31 1s pivoted to back frame 30 at top connections 32 and bottom connections 33 in
a manner providing an exceptionally comfortable and sympathetic back support. A torsionally-
adjustable lumbar support spring mechanism 34 is provided to bias the back shell 31 forwardly
into a forwardly-convex curvilinear shape optimally suited for providing good lumbar pressure.
A vertically-adjustable lumbar support 35 (Fig. 16) is operatively mounted on back shell 31 for
vertical movement to provide an optimal shape and pressure location to the front support
surface on back 22. The seat 24 is provided with various options to provide enhanced chair
funcuons, such as a back-stop mechanism 36 (Fig. 8) which adjustably engages the seat 24 10

hmit recline of the back 22. Also, the seat 24 can include active and passive thigh support
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opuons (see Figs. 24 and 30, respectively), seat depth adjustment (see Figs. 28 and 25). and
other seat opuons, as described below.

Base Assembly

The base assembly 21 (Fig. 1) includes a floor-engaging support 39 having a center hub
40 and radially-extending castored legs 41 attached to the cemer hub 40 in a spider-like
configurauon. A telescopingly-extendable center post 42 is positdoned in center hub 40 and
includes a gas spring that is operable to telescopingly extend the post 42 to raise the height of
the charr. The control housing 26 of base assembly 21 is pan shaped (Fig. 11) and includes
bottorn panels and flanged sidewalls formung an upwardly-open structural member. A notch 43
1s formed in one sidewall of the housing 26 for receiving a portion of the adjustable control for
the MAS system 29. A front of the housing 26 is formed into an upwardly-facing U-shaped
transverse flange 44 for receiving a transverse structural mbe 45 (Fig. 8A), and a hole 46 (Fig.
11) is formed generally adjacent flange 44. The wansverse tube 45 is welded to the flance 44
and extends substanually horizontally. A reinforcement channel 47 is welded in housing 26
immediately in front of transverse structural tube 45. A frustoconical tube section 48 is welded
vertcally to reinforcement 47 above hole 46, which tube section 48 is shaped to mateablv and
securely engage the upper end of extendable center post 42. A pair of stiff upwardly-extending
side arms 49 (someumes also called "struts” or "pods") are welded to the opposing ends of
transverse tube 45. The side arms 49 each include a stiff plate 50 on their inside surface. The
plates 50 imnclude weld nuts 51 that align 0 define the back-ult axis 23 The housmg 26,
transverse tube 45, and side arms 49 form a base frame that is rigid and sturdy. The sidewalls

of the housing 26 include a hip or flange that extends along their upper edge to remnforce the

sitdewalls. A cap 52 1s auached to the lips to form a stationary part of a linear beanng for
shidably supporung a front of the seat.

Prnimarv Energy Mechanism and Operation

It is noted that the housing 26 shown in Figs. 9-9C and 10 is slightly longer and with
different proportions than the housing of Figs. 8, 8A, and 11, but the principles of operauon

are the same. The primary energy mechanism 27 (Fig. 8) is positioned in housing 26. The
primary energy mechanism 27 includes the spring 28, which is operably connected to the seat
24 by an 1-shaped torque member or bell crank 54, a link 55, and a seat-atiached bracket 56.
The spring 28 1s a coil spring transversely positioned in housing 26, with one end supported
against a side of housing 26 by a disc-shaped anchor 57. The anchor 57 includes a washer 1o
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support the end of the spring 28 to prevent noise, and further includes a protrusion that extends
into a center of the end of the spring 28 to securely grip the spring 28, but that allows,thc
spring 28 to be compressed and to tilt/flex toward a side while the torque member or bell crank
54 is being pivoted. The L-shaped torque member or bell crank 54 includes a short leg or lever
58 and a long leg 59. The short leg 58 has a free end that engages an end of the spring 28
generally proximate a left side of housing 26 with a washer and protrusion similar to anchor 57.
Short leg 58 1s arcuately shaped and includes an outer surface facing the adjacent sidewall of
housing 26 that defines a series of teeth 60. Steel strips 61 are attached to the top and bottom
sides of the short leg 58 and have an outer arcuate surface that provides a smooth rolling
bearing surface on the leg 58, as described below. The arcuate surface of the strips 61 s
generally i1ocated at about the apex or the pitch diameter of the gear teeth 60. The short leg 58
extends generally perpendicular 10 a longitudinal direction of spring 28 and the long leg 59
extends generally parallel the length of spring 28, but is spaced from the spring 28. Link 55
(F1g. 8) 1s pivoted 10 an end of long leg 59 and 1s also pivoted to the seat-attached bracket 56.

A crescent-shaped pivot member 63 (Fig. 11) includes an arcuate roller bearing surface

that rollingly engages the curved surface of steel strips 61 on short leg 58 to define a moving

fulcrum point. Pivot member 63 also includes a rack of teeth 64 configured to mateably engage

the teeth 60 on short leg 58 to prevent any shippage between the interfacing roller bearing
surfaces of leg 58 and pivot member 63. Pivot member 63 is attached to a side of the housing

26 at the notch 43. When the seat 24 15 1n a rearward posiuon (i.e.. the back is in an upnght
posiuon) (Fig. 9), the long leg 59 1s located generally parallel and close to the spring 28 and the
short leg 58 1s pivoted so that the spring 28 has a relauvely low amount of compression. In thus
posiuon, the compression of spring 28 is sufficient to adequately bias the seat 24 rearwardly

and 1n wrm bias the back frame 30 to an upright position for opumal yet comfortable support to
a seated user. As a seated user rechines, the seat 24 1s moved forwardly (Fig. 9A). This causes

the L.-shaped torque member or bell crank 54 to roll on pivot member 63 at the fulcrum point
In a manner compressing spring 28. As a result, spring 28 provides increasing force resisung
the recline, which increasing force 1s needed 10 adequately support a person as they rechine.
Notably, the short leg 58 "walks" along the crescent-shaped pivot member 63 a short distance
during recline, such that the actual pivot locauon changes slightly during recline. The generous
éurvilinear shapes of the short leg 58 and the pivot member 63 prevent any abrupt change in the

support to the back during recline, but it is noted that the curvilinear shapes of these two
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]
components affect the spring compression in two ways. The "walking" of the short leg 58 on

the pivot member 63 affects the length of the moment arm to the actual pivot point (i.e., .the
locauvon where the teeth 60 and 64 actually engage at any specific point in time). Also. the
"walking" can cause the spring 28 to be longitudinally compressed as the "walking" occurs.
However, in a preferred form, we have designed the system so that the spring 28 is not
substantially compressed during adjustment of the pivot member 63, for the reason that we
want the adjustment to be easily accomplished. If adjustmemt caused the spring 28 10 be
compressed, the adjustment would require extra effort to perform the adjustment, which we do
not prefer in this chair design.

As discussed below, the pivot member 63 is adjustable to change the torque arm over
which the spring 28 operates. Fig. 9B shows the primary energy mechanism 27 adjusted 1o a
high torque positon with the seat 24 being in a rearward position (and the back frame 30 being
in an upnight posiion). rig. 9C shows the primary energy mechanism 27 still adjusted to the
high torque condinon, but mn the compressed condition with the seat 24 in a forward postuon

(and the back frame 30 being in an upright position). Notably, in Figs. 9B and 9C. the pivot

member 63 has been adjusted 1o provide a longer torque arm on lever 58 over which the spring
28 acts.

Fig. 9D is a graph illustrating the back torque generated by spring 28 as a funcuon oi

the angle of recline. As apparent from the graph, the imtial force of support can be vaned by

adjustment (as described below). Further, the rate of change of torsional force (1.¢e., the slope)
varies automatically as the imual torsional force is adjusted to a higher force, such that a lower
mitial spring force results in a flatter slope, while a higher initial spring force results in a
steeper slope. This 1s advantageous since lighter/smaller people not only require less support in
the upright position of the chair, but also require less support during recline. Contrasungly,
heavier/larger people require greater support when in upright and reclined posinons. Notably,
the desired slope of the high and low torque force/displacement curves can be designed into the

chair by varying the shape of the short leg 58 and the pivot member 63.
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