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AEbert L. Hughes, Detroit, Mich, assignagr to ABAerican 
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tion of Micinigan 

Fied State 7, 1958, Ser. No. 742,62 
5 Claims. (C. 297-69) 

This invention relates to reclining chairs and more 
particulariy to a reclining chair having a motor-operated 
mechanism for moving the chair to the desired reclining 
position. 

It is one object of the invention to provide a reclining 
chair which can be moved to any desired reclining posi 
tion by a motor-operated mechanism. 

It is another object of the invention to provide a reclin 
ing chair which can be moved to the desired reclining 
position by a relatively simple mechanism actuated by an 
electric motor, the mechanism being of the type employed 
in power-operated automobile seats. 

it is a further object of the present invention to provide 
a reclining chair that is power operated by a simple electric 
motor actuated mechanism which is compact, rugged, 
dependable in operation and relatively economical to 
manufacture. 

Other objects, features and advantages of the present 
invention will become apparent from the following de 
tailed description taken in conjunction with the accom 
panying drawings, in which: 
FIGURE 1 is a pian view of a reclining chair embody 

ing features of the invention, partially broken away, and 
with the back and seat thereof omitted to more clearly 
illustrate the power actuating mechanism therebeneath. 

FiG. 2 is a sectional view of the structure illustrated 
in FIG. 1, taken along the line 2-2 thereof; 
FIG. 3 is a sectional view of the structure illustrated 

in F.G. 1, taken along the line 3-3 thereof; 
FIG. 4 is a sectional view of the structure illustrated in 

FEG. 1, taken along the line 4-4 thereof; 
F.G. 5 is a sectional view of the structure illustrated in 

F.G. 4, taken along the line 5-5 thereof; 
FIG. 6 is a fragmentary view of a portion of the struc 

ture of FIG. 2 illustrating the foot rest in its raised posi 
tion, and 

FiG. 7 is an enlarged broken view of the structure 
illustrated in F.G. 4. 

Referring to FIGS. 1 and 2, a reclining chair 10 em 
bodying features of the present invention is comprised of 
side arms 2 and 14 mounted on legs 6 and intercon 
nected by transverse members 13 and 20. The side arms 
i2 and 4 and members 8 and 26 constitute the main 
supporting structure of the reclining chair. 
A back rest 22 comprising spaced side members 24 and 

26 interconnected by a flat back member 28 is pivotally 
mounted between the side arms 12 and 4 by plates 30 
and 32 which are fixed to the side members 24 and 26, 
respectively, the plates 30 and 32 being pivotally con 
nected to 2-shaped members 34 and 36, respectively, 
which in turn are fixed to the side arms 2 and 54, re 
spectively. it will be observed that each of the 2-shaped 
members 34 and 36 are comprised of two vertically ex 
tending leg portions 38 and 40 interconnected by a hori 
zontally extending web portion 42, and that the plates 38 
and 32 are connected to the leg portions 40 which are 
spaced from the side arms 12 and 14 to enable the back 
rest 22 to pivot without interference from the side arms 
i2 and 4. 
A seat supporting frame 44 is also pivoted between the 

side arms 2 and 14 in a manner similar to the back rest 
22 and comprises two side members 46 and 48 intercon 
nected by transverse members 50 and 52. Each of the 
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side members 46 and 48 are pivotally connected to 2 
shaped members 54 and 56, similar to the Z-shaped mem 
bers 34 and 36, by a structural member 58 extending 
across the back of the seat supporting frame 44 and having 
end portions 60 and 62 which are fixed to the side mem 
bers 46 and 48, respectively. It will be observed that 
each of the end portions 60 and 62 of the member 58 are 
also Z-shaped and that the offset leg portions thereof are 
pivotally connected to the legs of the Z-shaped members 
54 and 56 which are offset from the side arms 12 and 4, 
the other legs of the Z-shaped members 54 and 56 being 
suitably fixed to the side arms in a manner similar to the 
aforementioned Z-shaped members 34 and 36. In this 
manner, both the back rest 22 and the seat supporting 
frame 44 are pivotally mounted between the side arms 
2 and 4. 
The back rest 22 is prevented from freely pivoting by 

a pair of parallel spaced-apart linkages 64 each having 
one end thereof pivotally connected to the legs of a 
channel-shaped member 68 fixed to the back member 28 
by bolts 70 or the like extending through the web of the 
channel-shaped member. The other ends of the linkages 
64 are suitably fixed, as will be described in greater detail 
hereinafter, to an element of a driving mechanism 72 
disposed midway between the side arms 12 and 4 and 
supported on the transverse members 18 and 2 inter 
connecting the side arms. 
The seat supporting frame 44 is prevented from freely 

pivoting in a similar manner by parallel spaced-apart link 
ages 74 having the ends thereof pivotally connected to 
the legs of a channel-shaped member 76 which is fixed 
to the transverse member 52 of the seat supporting frame 
by bolts 78 or the like passing through the web of the 
channel-shaped member 76. The other ends of the link 
ages 74 are connected to another element of the driving 
mechanism 72 as will be described in greater detail herein 
after. - 

Referring also to FIGS. 3-5, as well as FIGS. 1 and 2, 
the driving mechanism 72 is comprised of a channel 
shaped member 80 having the web thereof supported on 
and fixed to the transverse members 18 and 20 inter 

It will be observed that the 
channel-shaped member 80 is affixed to the transverse 
member 8 by angle-shaped members 82 and that a 
portion of the transverse member 20 is notched as at 84 
to enable the channel-shaped member 80 to extend there 
through, an angle-shaped member 86 being fastened to 
the transverse member 20 by suitable bolts 88 or the 
like so that the horizontal leg thereof provides additional 
support for the web of the channel-shaped member 80. 
A pair of parallel spaced-apart substantially channel 

shaped members 90 and 92 have the webs thereof affixed 
to the inner faces of the legs of the channel-shaped mem 
ber 80, as most clearly illustrated in FIG. 4, so that the 
arcuate end portions thereof provide slides for three pairs 
of spaced plates 94, 96 and 98. As most clearly illus 
trated in FIGS. 4 and 5, it will be observed that each of 
the plates 94 are disposed within one of the channel-shaped 
members 90 and 92 and have bearing elements 100 of a 
Suitable iow friction resin material secured over the ends 
thereof and fitted within the arcuate portions of the 
channel-shaped members 90 and 92. It will also be ob 
served that each of the plates 94 is provided with a pro 
jecting lug ite2 to prevent the low friction resin material 
its from moving relative thereto and to insure that 
the sliding surface is between the bearing elements 100 
and the arcuate portions of the channel-shaped members 
90 and 92. The low friction resin material can be any 
suitable resin, such as polyethylene, nylon, Teflon, or the 
like, molded to the proper shape. The plates 96 and 98 
have the bearing elements 00 affixed thereto in the same 
manner, and with this construction, each of the plates 94, 
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96 and 98 are free to slide relative to the channel-shaped 
members 99 and 92. 

Solenoid mechanisms (4, 506 and 108 are supported 
between each of the pairs of plates 94, 95 and 98, respec 
tively, by trunnions or pins 10 projecting outwardly 
therefrom and having the ends thereof fixed to their re 
spective pairs of plates. Each of these solenoid mech 
anisms (4, 66 and 88 is similar to that described and 
claimed in a patent to Richard J. Williams, No. 2,857,- 
776, issued October 28, 1958, and assigned to the as 
signee of the present invention. 

However, in the interest of facilitating the understand 
ing of the present invention without reference to the 
aforesaid copending application, the construction of the 
solenoid mechanisms will be briefly described. Each of 
the solenoid mechanisms comprises a housing 2 having 
a cylindrical shaped running nut f4 rotatably mounted 
therein. Each of the running nuts 14 has a suitable de 
tent 72 in the cylindrical surface thereof which is align 
able with and adapted to be engaged by a ball end a 73 of 
the plunger 174 of a solenoid 75 mounted upon the 
housing i2. The end 72 is adapted to be urged into 
the detent against the pressure of a spring 75 by the 
plunger when the solenoid is energized. The plunger 74 
is retracted by the spring 176 and each of the nuts f4 is 
free to rotate relative to the housing 2 until the sole 
noid associated therewith is energized to force the plunger 
downwardly so that the ball end engages the detent in 
the cylindrical surface of the nut. This locks the nut 
against rotation relative to the housing for a purpose 
which will be described in greater detail hereinafter. 
As most clearly illustrated in FGS. 1 and 2, a threaded 

shaft 16 passes through each of the running nuts 4 and 
the right end thereof extends within and is adapted to be 
rotatably driven by a speed reducing unit 3 mounted on 
the right end of the channel-shaped member 88 by any 
suitable means such as a pin 19 for example passing 
through the unit and the legs of the channel-shaped 
member 89. An electric motor 20 for driving the speed 
reducing unit 8 is also mounted on the channel-shaped 
member 80 by an adapter extension 22 secured to the 
underside of the web of the channel-shaped member 89. 
With this construction, the threaded shaft 6 serves 

as a lead Screw that can be rotated by the motor E20 in 
either of two directions so as to drive each of the running 
nuts 4 along the shaft 6 when the solenoid associ 
ated therewith is energized to lock the nuts against rota 
tion as previously described. When the nuts are locked 
against rotation in this manner, it is apparent that they 
will run along the shaft ió in one direction or other de 
pending upon the direction of rotation of the shaft and 
will consequently drive the housings 2 and pias Ali 
along therewith since these members are slidably sup 
ported on the channel-shaped members 90 and 92 by the 
sliding relationship between the bearing elements 90 on 
the plates 94, 96 and 98 as previously described. 
As most clearly illustrated in F.G. 1, the ends of the 

linkages 64 which are connected to the driving mecha 
nism 72 are pivotally connected to the pins 110 of the 
Solenoid mechanism 68, and the linkages 74 which are 
connected to the seat Supporting frame 44 are pivotally 
connected to the pins 16 of the solenoid mechanism 4. 
Suitable electric switches 124 and 26 or the like may be 
mounted on the side arm 14 of the chair for controlling 
the operation of the solenoid mechanisms (4 and 68, 
respectively, by suitable electric circuitry (not shown). 
Each of the switches has a non-energized neutral posi 
tion and up and down positions which energize their re 
Spective Solenoid mechanisms and simultaneously ener 
gize the electric motor 26 in either of two directions 
depending on whether the switch is in its up or down 
position. 
As illustrated in FIGS. 1 and 2, the seat supporting 

frame 44 is in its normal position and to raise the seat, 
the switch 24 is moved to its "up" position which en 
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4. 
ergizes the solenoid mechanism 64 to lock the nut 4 
thereof against rotation, as previously described. The 
motor 120 is simultaneously energized to rotate the shaft 
fi6 in the direction determined by the 'up' position of 
the switch 243 to drive the entire Scleroid mechanism 64 
to the right, as viewed in FIGS. 1 and 2. This also 
drives the lower end of the linkages 74 pivotally con 
nected to the outwardly projecting pins E3 of the sole 
noid mechanism (4 to the right which in turn forces the 
front end of the seat supporting fraine 44 to pivot up 
Wardly. W 

Conversely, when the switch 24 is moved to its 
“down' position the motor E2 is reversed so that the 
shaft Sió is rotated in the opposite direction to drive the 
solenoid mechanism (4 to the left to lower the seat Sup 
porting frame 44. Of course, movement in either direc 
tion can be stopped at any time by returning the Switch 
24 to the neutral position which stops the movement of 

the solenoid mechanism 24 by deemergizing the sole 
noid to free the running nut for rotation relative to the 
housing 2 and simultaneously deemergizes the circuit to 
the motor 29. 
The back rest 22 is similarly controlled by the switch 

326. When the switch 26 is moved to its “down” posi 
tion the solenoid 208 is energized to lock the running nut 
i4 thereof against rotation and the motor A2C rotates 

the shaft 15 in the appropriate direction to move the 
solenoid mechanism 68 to the right which, of course, also 
moves the ends of the linkages 54 connected thereto to 
the right. Since the other ends of the linkages 64 are 
pivotally connected to the angle-shaped member 63 fixed 
to the back member 28 of the back rest, and the back 
rest is pivotally connected to the side arms 2 and 14 as 
previously described, it will pivot in a counterclockwise 
direction, as viewed in FIG. 2, to a reclining position de 
termined by the distance the solenoid mechanism 03 is 
moved to the right. 
When the Switch 26 is moved to its “up' position, the 

Inotor 20 is energized to rotate the shaft 6 in the re 
verse direction and the solenoid 508 is also energized so 
that the plunger thereof again locks the nut 54 against 
rotation to cause the solenoid mechanism 38 to move to 
the left which, of course, raises the back rest by pivoting 
it in a clockwise direction, as viewed in FIG.2. 
The reclining chair 0 is also provided with a footrest 

130 which is movable between a vertical position, as il 
lustrated in FIG. 2, to a raised horizontal position, as il 
lustrated in FIG. 6, by suitable linkage systerns 37 and 
139 connected between the sides of the foot rest and chan 
nel-shaped brackets 32 and 34 having outwardly pro 
jecting flanges 36 affixed to the side arms 2 and 4, 
respectively, by bolts 33 or the like. The linkage sys 
tems 137 and 39 briefly comprise links 4 and 42 piv 
otally connected to the brackets 32 and 134, respec 
tively, adjacent the left ends thereof, links 144 and 146 
pivotally connected to the pivoting ends of the links 40 
and 142, respectively, and having the other ends thereof 
pivotally connected to angle-shaped members 48 affixed 
to the footrest 130 along each of the side edges thereof, 
links 158 and 152 pivotally connected to the mounting 
brackets 32 and 134, respectively, adjacent the right ends 
thereof, links 154 and 256 pivotally connected to the piv 
oting ends of the links 50 and 152, respectively, with 
the other ends thereof pivotally connected to the angle 
shaped members 48 fixed to the footrest 3. 

It will also be observed that the links 50 and 52 are 
pivotally connected to the links 44 and 245, respectively, 
by pins 158 and 60 intermediate the ends thereof. With 
these identical linkage systems 37 and i39, each pivot 
ally connected to the brackets 132 and 134, respectively, 
at two Spaced points, it is apparent that the footrest 130 
is movable between the vertical position illustrated in 
FIG. 2 and the raised horizontal position illustrated in 
FEG, 6. 
To connect the linkage systems 37 and 139 for power 
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operation in response to the direction of rotation of the 
shaft 116, a pair of links 162 are pivotally connected to 
the outwardly projecting pins 110 of the solenoid mech 
anism 106, the other ends of the links 162 being fixed to a 
cross shaft 164 adjacent the middle thereof as by Weld 
ing or the like. Links 66 and 68 are then fixed to the 
opposite ends of the cross shaft 264, as by welding or the 
like, with the other ends thereof being pivotally con 
nected to the links 140 and 42, respectively, intermedi 
ate the ends thereof. 
With this construction, the movement of the electric 

solenoid :06 to the right, as viewed in FIG. 2, will move 
the links 162, the cross shaft i64 and the links 66 and 
358 in unison (ail of these elements being rigidly con 
nected together), to the position illustrated in FIG. 6, 
and by virtue of the pivotal connection between the links 
A56 and A68, and the links 40 and 42, respectively, the 
foot rest 130 is moved to the raised horizontal position as 
illustrated in F.G. 6. A suitable electric switch 128, sim 
ilar to the electric switches 24 and 26, may be mounted 
on the side arm 4 so as to energize the solenoid 66 and 
the electric motor i26 when moved to the “up' position 
to cause the solenoid ié6 to move to the right, and to 
lower the footrest i38 to its vertical position, as illus 
trated in FiG. 2, when the electric switch 23 is moved 
to its "down” position. 
To insure that the travel of each of the solenoid mecha 

nisms {4, it 6 and 103 is confined to predetermined 
portions of the shaft ió so that they will not interfere 
with one another, a plurality of pins 70 are fixed to 
the shaft ió so as to project therefrom, as most clearly 
illustrated in FIGS. 1 and 5. It will be observed that 
there are a pair of pins on each side of each of the sole 
noid mechanisms and that as illustrated in FIG. 1, each 
of the Solenoid mechanisms is in its extreme left position 
wherein it contacts the pin on the left-hand side thereof. 

These pins serve as stop means for limiting the move 
nent of the Solenoid mechanisms by positively blocking 
or contacting the running nuts to stop the movement of 
the Solenoid mechanisms. As soon as one of the running 
nuts strikes one of the pins 70 it begins to rotate with 
tie shaft since it can no longer move axially along the 
shaft ii.6. This rotation of the running nut cams the 
ball end of the pluinger of the solenoid out of the detent 
on the cylindrical surface of the running nut, as pre 
viously described, to permit the running nut to rotate 

O 

5 

6 
frame, driving means mounted on said frame, said driv 
ing means including a lead screw disposed between and 
parallel to said side arms, three solenoid actuated run 
ning nut means mounted on said lead screw, each of said 
sclenoid actuated running nut means being adapted to 
move axially over predetermined portions of said lead 
screw in response to the rotation of said lead screw in 
either of two directions, a back rest pivotally mounted to 
said frame, linkage means having one end thereof pivot 
ally connected to said back rest and the other end thereof 
pivotally connected to one of said solenoid actuated run 
ning nut means, a seat pivotally connected to said frame, 
second linkage means having one end thereof pivotally 
connected to said seat and the other end thereof pivotally 
connected to a second one of said solenoid actuated 
running nut means, a footrest, a linkage system for mov 
ably connecting said footrest to said frame to enable said 
footrest to be moved between a vertical lowered position 
and a horizontal raised position, third linkage means 
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relative to the solenoid mechanism when it can no longer 
move axially on the shaft 16. 

All of this, of course, is completely described in the 
aforementioned copending application and reference is 
again made thereto for a complete description of the 
operation of the solenoid mechanisms on the rotating 
shaft i6. Actually each of the solenoid mechanisms is 
designed so that when the ball end of the plunger is 
canned upwardly out of the detent on the running nut 
when the axial movement of the nut is stopped by a pin 
if6, and the spring 176 urges the plunger upwardly to 
prevent it from re-engaging the detent. With this con 
Struction, each of the switches 24, 26 and 28 can be 
moved either up or down to drive the portions of the 
seat controlled thereby to the desired position without 
worrying about going too far since as soon as the solenoid 
mechanisms engage one of the pins on either side thereof, 
the portion of the seat operated thereby will automatically 
come to a halt regardless of whether the operator holds 
the Switch in an energized position. 

While it will be apparent that the preferred embodi 
ment of the invention herein disclosed is well calculated 
to fulfill the objects above stated, it will be appreciated 
that the invention is susceptible to modification, variation 
and change without departing from the proper scope or 
fair meaning of the subjoined claims. 
What is claimed is: 
1. A power-operated reclining chair comprising, a 

frame, spaced-apart side arms secured at the side of the 
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pivotally connected to said linkage system and to a third 
one of said solenoid actuated running nut means, and 
means for selectively energizing each of said solenoid 
actuated running nut means and rotating said lead Screw 
in either of two directions to selectively move the back 
rest, seat and footrest. 

2. A power-operated reclining chair comprising parallel 
spaced-apart side arras, transverse members extending 
between and rigidly connected to said side arms adjacent 
the bottom thereof, a back rest disposed between said 
arms and pivotally connected thereto, a seat supporting 
frame disposed between said arms and pivotally con 
nected thereto, a footrest, a linkage system for mounting 
said footrest on said side arms for movement between a 
vertical lowered position and a horizontal raised position, 
an upwardly presenting channel-shaped member mounted 
on said transverse members substantially midway between 
and parallel to said side arms, solenoid actuated running 
nut means, means for mounting each of said solenoid 
actuated running nut means for sliding movement be 
tween the legs of said upwardly presenting channel 
shaped member, a lead screw extending through said 
Solenoid actuated running nut means, means for selec 
tively rotating said lead screw in either of two directions 
and for selectively energizing each of said solenoid actu 
ated running nut means for axial movement relative to 
Said lead screw in response to the rotation thereof, a 
first linkage means having one end thereof pivotally con 
nected to said back rest and the other end thereof pivot 
ally connected to one of said solenoid actuated running 
nut means, a second linkage means having one end there 
of pivotally connected to said seat supporting frame and 
the other end thereof pivotally connected to a second one 
of Said Solenoid actuated running nut means, and a third 
linkage means having one end thereof pivotally con 
nected to a third one of said solenoid actuated running 
nut means and the other end thereof pivotally connected 
to said linkage system. 

3. A power-operated reclining chair comprising parallel 
spaced-apart side arms, transverse members extending 
between and rigidly connected to said side arms adjacent 
the bottom thereof, a back rest disposed between said 
side arms and pivotally connected thereto, a seat sup 
porting frame disposed between said side arms and pivot 
aliy connected thereto, a footrest, a first linkage system 
pivotally connected to one of said side arms at spaced 
points thereon and pivotally connected to one side of 
said footrest at spaced points thereon, a second linkage 
system pivotally connected to the other of said side arms 
at spaced points thereon and pivotally connected to the 
other side of said footrest at spaced points thereon, said 
linkage systems enabling said footrest to be moved be 
tween a vertical lowered position and a horizontal raised 
position, an upwardly presenting channel-shaped mem 
ber mounted on said transverse members midway be 
tween and parallel to said side arms, parallel spaced 
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apart inwardly presenting channel-shaped members 
mounted on each of the legs of said upwardly presenting 
channel-shaped member, three plates slidably mounted 
within each of said inwardly presenting channel-shaped 
members, three solenoid actuated running nut means hav 
ing pins projecting outwardly from opposite sides thereof, 
each of said pins being connected to one of said plates 
so that each of said solenoid actuated running nut Ineans 
is slidably mounted between said inwardly presenting 
channel-shaped members, a lead screw extending through 
each of said solenoid actuated running nut means, a speed 
reducing unit mounted on one end of said upwardly 
presenting channel-shaped member and drivingly engag 
ing said lead screw, an electric notor mounted on said 
one end of the upwardly presenting channel-shaped mem 
ber for driving said speed reducing unit, an electrical 
switch means for selectively energizing said electric motor 
for rotation in either of two directions and for selectively 
actuating each of said solenoid actuated running nut 
means for axial movement relative to said lead screw in 
response to the rotation of said lead screw, stop means 
on said lead screw for confining the axial movement of 
each of said solenoid actuated running nut means to 
predetermined portions of said lead screw, a first linkage 
means having one end thereof pivotally connected to 
said back rest and the other end thereof pivotally con 
nected to the outwardly projecting pins of one of said 
soleiloid actuated running nut means, a second linkage 
means having one end thereof pivotally connected to 
said seat supporting frame and the other end thereof 
pivotally connected to the outwardly projecting pins of 
a second one of said solenoid actuated running nut means, 
a third linkage means having one end thereof pivotally 
connected to the outwardly projecting pins of a third 
one of said solenoid actuated running nut means and 
the other end thereof rigidly connected to a transverse 
rod extending between said side arms, a link rigidly con 
nected to one end of said transverse rod with the other 
end thereof pivotally connected to said first linkage sys 
tem, and a second link having one end thereof rigidly 
connected to the other end of said transverse rod with 
the other end thereof pivotally connected to said second 
linkage System. 

4. In a power operated reclining chair, a supporting 
frame, a seat cushion on said frame, a back cushion 
pivoted to said frame, a footrest pivoted to said frame 
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8 
by a linkage system which moves the foot rest between a 
vertically lowered position and a horizontally raised posi 
tion, power operated means on said frame including a 
lead screw and a plurality of solenoid actuated running 
nut means on said lead screw, each of said solenoid actu 
ated running nut means being adapted to move axially 
over a predetermined portion of said lead screw in re 
sponse to the rotation of said lead screw in either of two 
directions, linkage means having one end thereof con 
nected to said back cushion and the other end thereof con 
nected to one of said solenoid actuated running nut means, 
a second linkage means connected to said linkage system 
and to a Second one of said solenoid actuated running 
Inut means, and means for selectively energizing each of 
said solenoid actuated running nut means and rotating 
said lead screw in either of two directions to selectively 
move the back cushion and footrest to a desired tilted 
position. 

5. A power operated reclining chair including, in com 
bination, a seat frame, a back member pivoted on said 
seat frame, a footrest pivoted on said seat frame, unit 
drive means on said seat frame, a single motor on said seat 
frame for operating said drive means in either direction 
of rotation, means connecting said drive means to said 
back member for moving the latter angularly to raised 
and lowered positions, means connecting said drive means 
to said foctrest member for moving the latter angularly 
to raised and lowered positions, and means selectively 
controlling said motor and drive means for actuating said 
back member and said footrest member simultaneously 
and independently to raised and lowered positions. 
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