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be positioned horizontally and vertically within a surgical suite and maintain the vertical elevation selected. Counterbalance arm (30)
Includes a proximal hub (38), a first parallel link (42), a second parallel link, a spring link, a spring and a distal hub (48). First (54),
second and third proximal pivot axes extend through proximal hub (38) with third pivot axis being movable along a radial line
forming an angle with a line intersecting first (54) and second proximal pivot axes. The spring link Is coupled to third proximal pivot
axis, spring and second parallel link
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(54) Title: SUPPORT ARM FOR A SURGICAL THEATER SYSTEM

(57) Abstract: A surgical theater
system (10) includes a boom (22)
rotating about a hub (16) and coupled
to a counterbalance arm assembly
(30) having a counterbalance arm
(40) and a monitor mount assembly
(50) configured to permit a monitor

(14) or other device (12) to be
positioned horizontally and vertically

within a surgical suite and maintain
the wvertical elevation selected.
Counterbalance arm (30) includes a
proximal hub (38), a first parallel link
(42), a second parallel link, a spring
link, a spring and a distal hub (48).
First (54), second and third proximal
pivot axes extend through proximal
hub (38) with third pivot axis being
movable along a radial line forming
an angle with a line intersecting
first (54) and second proximal pivot
axes. The spring link is coupled to
third proximal pivot axis, spring and
second parallel link
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SUPPORT ARM FOR A SURGICAL THEATER SYSTEM

Background and Summary
This invention relates generally to support arms for surgical theater

systems and more particularly to support arms having a counterbalance arm to
balance the weight of the supported object so that it can be suspended at a selected
height without locking the arm.

Surgical theater systems are tloor, wall. or ceiling mounted systems
including devices which can be positioned in desired locations within a surgical suite
to maximize their accessibility, utility, and/or viewability. Examples of surgical light
systems can be found in U. S. Patent Nos. 6,012, 821, 6.132, 062, 6.443.597.
0,443,596, 6,402,351 and 6,639.623. Such surgical theater systems support devices
such as surgical lights, monitors, cameras, and electronic instruments utilized by
surgeons and operating room personnel during the performance of surgical
procedures. The above 1dentified patents demonstrate that it is well known to provide
surgical theater systems which facilitate the positioning, both horizontally and
vertically, of the devices attached thereto to maximize their utility. In order to
maintain the proper orientation in space of the device mounted to the counterbalance
arm, the counterbalance arm includes a parallelogram linkage.

U. 5. Patent No. 6,639,623 shows a surgical theater system with a
counterbalance arm which secks to minimize vertical movement of a device after it
has been positioned at a desired height by providing a counterbalance arm having
frictional brakes engaging pivot pins about which the arm rotates. Counterbalance
arms are well known devices incorporating counterweights or spring mechanisms
which provide a vertical upward force to the distal end of a cantilevered arm to
counteract the downward force exerted on the distal end of the cantilevered arm by
the object supported. The forces create torques about the lower pivot axis of the
counterbalance arm. Ideally, the torque exerted on the counterbalance arm will be
equal in magnitude to, but opposite in direction to, the torque exerted on the
counterbalance arm by the weight. Recognizing that the ideal situation cannot always

be achieved, U. S. Patent No. 6,639,623 compensates for the inequalities
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by applying a frictional force to the pivot axis which permits the torques of the weight
and the spring members to be slightly unbalanced.
The torque exerted by a weight hanging freely suspended from a fixed
point on an arm is proportional to the sine of the angle formed between the vertical
5  plane and the longitudinal axis of the arm. Thus the greatest torque 1s exerted by an
object freely hanging from a fixed point on a beam when the longitudinal axis of the
beam 1s horizontal, sin 90 deg = 1.
Springs and gas springs typically obey Hooke's law, at least while n
the region of elasticity, so that the force exerted by the spring is proportional to its
10  displacement from equilibrium. In counterbalance arms, the spring 1s typically not
mounted perpendicular to the longitudinal axis of the arm but rather couples to the
distal end of the arm and to an end of a spring link. The spring link is typically
pivotally mounted at a first end to a fixed location relative to the pivot axis of the
proximal end of the counterbalance arm and mounted at the other end to slide within a
15  slot formed in the counterbalance arm. The spring is typically pivotally mounted to
the sliding end of the spring link and pivotally mounted to the second end of the
counterbalance arm. Thus the spring exerts a force directed substantially along the
longitudinal axis which is converted by the spring link into components ot force
parallel to and perpendicular to the longitudinal axis of the spring link. The
20 component parallel to the longitudinal axis creates strain along the link which is
assumed to be incompressible. The component perpendicular to the longitudinal axis
of the spring link induces the pivot pin sliding in the slot into engagement with the
upper edge of the slot so that the perpendicular component reduces to a component
perpendicular to the longitudinal axis of the counterbalance arm and a component
25  parallel to the longitudinal axis of the counterbalance arm. In the disclosed
embodiment of a counterbalance arm, second parallel link is formed so that a pin
extends through the longitudinal slot and a roller which engages an upper wall of the
second parallel link to transfer this force to the second parallel link through the roller
rather than through engagement of the pin with the upper wall of the slot. The
30 component perpendicular to the longitudinal axis of the counterbalance arm creates a

torque about the pivot axis at the proximal end of the counterbalance arm which 1s
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preferably substantially equal in magnitude to, but opposite in direction to, the torque
induced by the weight.

Unfortunately, gas springs do not always obey Hooke's law precisely
throughout the full stroke range, so it is difficult to design a counterbalance arm that
cancels out the torque induced by the weight of the object suspended by the arm.
Hooke's Law provides a linear equation relating the force exerted by an elastic
medium to the displacement from equilibrium of the medium. In gas springs the
displacement can be represented by the stroke length of the piston. Hooke's Law
states that force (F) of a spring is equal to the displacement of the spring from its
equilibrium position (x) times a spring constant (k) or:

F =kx.
However, 1t has been found that gas springs are typically manufactured so that near
the ends of their stroke lengths, the gas spring is no longer operating in the linear
region of the displacement v. force curve.

In accordance with one embodiment of the disclosed surgical theater
system, a counterbalance arm 1s provided which includes an adjustment pin set at an
angle to the vertical for modifying the offset of the proximal end of a spriﬁg link from
the proximal end of a first parallel link so that the proximal end of the spring link is
not mounted at a fixed location relative to the pivot axis at the proximal end of the
counterbalance arm. The angle that adjustment pin forms with the vertical introduces
a mechanical disadvantage to the spring link/spring/slot combination to compensate
for increased spring forces generated when the counterbalance arm is lowered from
the raised to a lowered position.

In accordance with one embodiment, the counterbalance arm includes
a first parallel link, a second parallel link, a spring link and a spring. The first parallel
link 1s mounted at the proximal end to pivot about a proximal pivot axis and mounted
at a distal end to pivot around a distal pivot axis. The second parallel link is mounted
at 1ts proximate end for pivotal movement about a second proximate pivot axis and at
its distal end for pivotal movement about a second distal pivot axis. The displacement
between the first and second proximal pivot axes and the displacement between the
first and second distal pivot axes is substantially equal to maintain the parallel

relationship between the first and second parallel links. The spring link is mounted at
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its proximal end to pivot about a third proximal axis and at its distal end to slide

relative to the second parallel link. The third proximal axis extends through a pivot
pin which 1s movable relative to the first proximal pivot axis to adjust the

displacement between the third and first proximal pivot axes.

According to one aspect of the present invention there is provided a
counterbalance arm assembly comprising a proximal hub formed to include a first
proximal pivot axis extending therethrough, a second proximal pivot axis extending
therethrough, and a third proximal pivot axis extending therethrough, said first,
second and third proximal pivot axes being substantially mutually parallel, wherein
the displacement between the first and third proximal pivot axes is adjustable, a distal
hub having a first distal pivot axis extending therethrough and a second distal pivot
axis extending therethrough, a first parallel link coupled at its proximal end for
pivotal movement of the first parallel link relative to the proximal hub about the first
proximal pivot axis and coupled at its distal end for pivotal movement of the first
parallel link relative to the distal hub about the first distal pivot axis, a second parallel
link coupled at its proximal end for pivotal movement of the second parallel link
relative to the proximal hub about the second proximal pivot axis and coupled at its
distal end for pivotal movement of the second parallel link relative to the distal hub
about the second distal pivot axis, a spring coupled at its distal end to the second
parallel link and at its proximal end to the second parallel link for longitudinal
movement of the proximal end of the spring relative to the second link, a spring link
coupled at its proximal end to the proximal hub for pivotal movement of the spring
link about the third proximal axis, coupled at its distal end to the second parallel link
for longitudinal movement of the distal end of the spring link relative to the second
parallel link, and coupled at its distal end to the proximal end of the spring, wherein
the proximal hub 1s formed to include an aperture extending radially from the first
pivot axis and further comprising a pivot pin defining the third proximal pivot axis,
said pin being slidably received in the aperture for movement of the pin radially with
respect to the first proximal pivot axis, wherein a line intersecting the first and third
proximal pivot axes 1s not colinear with and forms an angle with a line intersecting
the first and second proximal pivot axes, wherein the first parallel link includes a
longitudinal axis intersecting the first proximal and distal pivot axes, the second

parallel link includes a longitudinal axis substantially parallel to the longitudinal axis
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of the first parallel link and intersecting the second proximal and distal pivot axes,

the longitudinal axes of the first and second parallel links remain substantially parallel
during movement of a device coupled thereto between a first elevation and a second
elevation and the first longitudinal axis 1s between the second and third pivot axes.
According to a further aspect of the present invention there 1s provided a
surgical theater system for attachment to a structural component in a ceiling of a
surgical suite, the surgical theater system comprising a hub configured to be mounted
to the structural component and configured to rotate about a first vertical axis
extending through the hub, a boom having a proximal end and a vertically-
downwardly extending portion horizontally displaced from the proximal end
terminating in a distal end, the boom being mounted at its proximal end to the hub,
the vertically-downwardly extending portion having a second vertical axis extending
therethrough, a proximal hub formed to include a first proximal pivot axis extending
therethrough, a second proximal pivot axis extending therethrough, and a third
proximal pivot axis extending therethrough, an aperture extending radially from the
first pivot axis, and including a pivot pin defining the third proximal pivot axis
slidably received in the aperture for movement of the pin radially with respect to the
first proximal pivot axis whereby the displacement between the first and third
proximal pivot axes is adjustable, the proximal hub being mounted to the vertically-
downwardly extending portion of the boom for rotational movement of the hub about
the second vertical axis, a distal hub having a first distal pivot axis extending
therethrough and a second distal pivot axis extending therethrough, a first parallel
link coupled at its proximal end for pivotal movement of the first parallel link relative
to the proximal hub about the first proximal pivot axis and coupled at its distal end for
pivotal movement of the first parallel link relative to the distal hub about the first
distal pivot axis, a second parallel link coupled at its proximal end for pivotal
movement of the second parallel link relative to the proximal hub about the second
proximal pivot axis and coupled at its distal end for pivotal movement of the second
parallel link relative to the distal hub about the second distal pivot axis, a spring
coupled at its distal end to the second parallel link and at its proximal end to the
second parallel link for longitudinal movement of the proximal end of the spring
relative to the second link, a spring link coupled at its proximal end to the proximal

hub for pivotal movement of the spring link about the third proximal axis, coupled at
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its distal end to the second parallel link for longitudinal movement of the distal end
of the spring link relative to the second parallel link, and coupled at its distal end to
the proximal end of the spring.

According to another aspect of the present invention there is provided a
counterbalance arm assembly comprising a proximal hub formed to include a first
proximal pivot axis extending therethrough, a second proximal pivot axis extending
therethrough, and a third proximal pivot axis extending therethrough, wherein a first
line intersects the first and second proximal pivot axes and the displacement between
the first and third proximal pivot axes is adjustable, a distal hub having a first distal
pivot axis extending therethrough and a second distal pivot axis extending
therethrough, wherein a second line intersects the first and second distal pivot axes
and 1s substantially parallel to the first line, a first parallel link coupled at its proximal
end for pivotal movement of the first parallel link relative to the proximal hub about
the first proximal pivot axis and coupled at its distal end for pivotal movement of the
first parallel link relative to the distal hub about the first distal pivot axis, the first
parallel link having a first longitudinal axis intersecting the first proximal and distal
pivot axes a second parallel link coupled at its proximal end for pivotal movement of
the second parallel link relative to the proximal hub about the second proximal pivot
ax1s and coupled at its distal end for pivotal movement of the second parallel link
relative to the distal hub about the second distal pivot axis, the second parallel link
having a second longitudinal axis intersecting the second proximal and distal pivot
axes and 1s substantially parallel to the first longitudinal axis, a spring coupled at its
distal end to the second parallel link and at its proximal end to the second parallel link
for longitudinal movement of the proximal end of the spring relative to the second
link, a spring link coupled at its proximal end to the proximal hub for pivotal
movement of the spring link about the third proximal axis, coupled at its distal end to
the second parallel link for longitudinal movement of the distal end of the spring link
relative to the second parallel link, and coupled at its distal end to the proximal end of
the spring, and wherein the third proximal pivot axis has a range of motion over
which the third proximal pivot axis is always positioned so that the first longitudinal
axis 1s between the second longitudinal axis and the third proximal pivot axis and so
that the third proximal pivot axis is between the first line and the second line,

whereby a mechanical disadvantage is provided to the coupled spring link and spring
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substantially compensating for increased spring forces resulting from further
displacement from the spring’s equilibrium length during pivotal movement of the
counterbalance arm between a raised and a lowered position, and wherein the second
distal link includes a longitudinally-extending slot and a connecting pin, said
connecting pin extending laterally through the slot to couple the distal end of the
spring link and the proximal end of the spring to the second parallel link.

Additional features and advantages of the support arm for a surgical
theater will become apparent to those skilled in the art upon consideration of the
following detailed descriptions exemplifying the best mode of carrying out the

apparatus as presently perceived.

Brief Description of the Drawings
In describing the disclosed invention reference will be made to the

following drawings in which:

Fig. 1 1s a perspective view of a surgical theater system having a monitor
mounted by a monitor mount to a counterbalance arm ;

Fig. 2 1s a front plan view of the counterbalance arm and monitor mount of
Fig. 1;

Fig. 3 1s a sectional view along line 3-3 of the counterbalance arm and
monitor mount of Fig. 2;

F1g. 4 1s a detailed view of a portion of the counterbalance arm of Fig. 3;

Fig. 5 1s an exploded view of the counterbalance arm of Fig. 1;

Fig. 6 1s a cross-sectional view of the counterbalance arm in its raised
position showing the adjustment screw rotated completely in a first direction to place
the third proximal pivot axis extending through the proximal end of the spring links in
1ts uppermost position;

Fig. 7 is a cross-sectional view of the counterbalance arm in its raised
position showing the adjustment screw rotated completely in a second direction to
place the third proximal pivot axis extending through the proximal end of the spring
links in its lowermost position;

Fig. 8 1s a cross-sectional view of the counterbalance arm of Fig. 7
showing the arm pivoted downwardly about the first proximal pivot axis so that the

arm 1s 1n a substantially horizontal position; and



10

15

20

25

30

CA 02460482 2009-04-21

5

Fig. 9 1s a cross-sectional view of the counterbalance arm of Fig. 7

showing the arm pivoted downwardly about the first proximal pivot axis so that the

arm 1s 1n 1ts lowered position.

Detailed Description of the Drawings

A surgical theater system 10 in accordance with one embodiment of the
disclosed device 1s provided for mounting a device 12, such as a monitor 14, within a
surgical suite so that the device can be moved horizontally and vertically within the
suite to facilitate maximum utilization of device 12. For example, when a monitor 14
1S to be used by a surgeon during a surgical procedure, surgical theater system 10
permits monitor 14 to be positioned for optimal viewing by the surgeon without
interfering with the surgical procedure. While the embodiment of the surgical theater
system disclosed herein mounts a monitor 14 within a surgical suite, it is within the
teaching of the disclosure for other devices 12, such as surgical lights, cameras, etc.,
to be mounted to surgical theater system 10 and for surgical theater system to be
located 1n other rooms of a facility in which the device 12 is to be used.

Illustratively, surgical theater system 10 is a ceiling mount system having
a central hub 16 mounted for rotation about a rotational axis 18 extending through the
hub 16 and a structural support (not shown) in the ceiling 20. A boom 22 is mounted
to hub 16 and includes a proximal end 23, a distal end 24, a horizontally-extending
portion 26, and a vertically-extending portion 28. Boom 22 is mounted at proximal
end 23 to hub 16. Horizontally-extending portion 26 extends radially from hub 16.
Vertically-extending portion 28 extends downwardly from horizontally-extending
portion 26 so that distal end 24 of boom 22 is horizontally and vertically displaced
from hub 16. A counterbalance arm assembly 30 is mounted at its proximal end 32 to
distal end 24 of boom 22 for rotation about an axis 34 extending longitudinally
through vertically-extending portion 28 of boom 22.

Counterbalance arm assembly 30 includes a bearing housing 36, a
proximal hub 38, a counterbalance arm 40, a distal hub or monitor pivot 48, and a
monitor mount assembly 50. Counterbalance arm 40 pivots about a proximal pivot
ax1s 34 and a distal pivot axis 56 so that a device 12 attached to monitor mount

assembly 50 can be raised and lowered with respect to the boom 22. Monitor mount
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assembly 50 is mounted to monitor pivot 48 for rotation about rotation on axis 58
permitting montitor 14 to be positioned at a desirable location within a suite.

Referring to Figs. 2 and 3, counterbalance arm 40 includes an arm housing
42 which acts 1n the illustrated embodiment as a first parallel link, a counterbalance
arm weldment 44 which acts in the 1llustrated embodiment as a second parallel link, a
plurality of spring links 46, and a gas spring 52. Arm housing or first parallel link 42
1s mounted at 1ts proximal end 60 to proximal hub 38 for pivotal movement relative to
proximal hub 38 about a first proximal pivot axis 54. Arm housing or first parallel
link 42 1s mounted at its distal end 62 to distal hub or monitor pivot 48 for pivotal
movement relative to monitor pivot 48 about a first distal pivot axis 56. Arm
weldment or second parallel link 44 1s mounted at its proximal end 64 to proximal
hub 38 for ptvotal movement relative to proximal hub 38 about a second proximal
pivot axis 66. Arm weldment or second parallel link 44 1s mounted at its distal end
68 to distal hub or monitor pivot 48 for pivotal movement relative to monitor pivot 48
about a second distal pivot axis 70. A displacement 72 between first and second
proximal pivot axes 54, 66 is fixed as 1s a displacement 74 between first and second
distal pivot axes 56, 70. Because the displacements 72, 74 of the respective pivot
axes 54, 66, 56, 70 are fixed, a longitudinal axis 76 of the first parallel link 42 and a
longitudinal axis 78 of the second parallel link 44 are maintained substantially
parallel to each other during pivotal movement of counterbalance arm 40.

[llustratively, arm weldment or second parallel link 44 is formed from a
rectangular metal tube having a top wall 80, a bottom wall 82, and two side walls 84,
86 as shown in Fig. 5. Four ears 88, 90 are coupled to side walls 84, 86.
Nlustratively, two proximal ears 88 are attached to the side walls 84, 86 of, and
extend longitudinally beyond, the tube at the proximal end 64 of arm weldment 44.
Similarly, two distal ears 90 are attached to the side walls 84, 86 of, and extend
longitudinally beyond, the tube at the distal end 68 of arm weldment 44. Each
proximal ear 88 is formed to include a pivot pin-receiving hole 92. Each distal ear 90
1s formed to 1nclude a pivot pin-receiving hole 94 and an attachment pin-receiving
hole 96. A second proximal pivot pin 98 extends through pivot pin-receiving hole 92
to couple proximal end 64 of arm weldment 44 to proximal hub 38 for pivotal
movement relative to proximal hub 38 about second proximal pivot axis 66. A

second distal pivot pin 100 extends through pivot pin-receiving hole 94 to couple
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distal end 68 of arm weldment 44 to distal hub 48 for pivotal movement relative to
distal hub 48 about second distal pivot axis 70. An attachment pin 102 extends
through each attachment pin-receiving hole 96 and a distal end clevis 104 of gas
spring 52 to pivotally couple gas spring 52 to arm weldment 44. Each side wall 84, 86
of second parallel link 44 is formed to include a longitudinally-extending slot 106
having an upper wall 108, a lower wall 110, a distal end wall 112 and a proximal end
wall 114. Upper, lower, distal end and proximal end walls 108, 110, 112, 114 retain a
connection pin 116 which is received for sliding movement between the proximal end
wall 112 and distal end wall 114. Connection pin 116 extends through slot 106,
connection pin-receiving hole 124 in spring links 46, clevis 130 of gas spring 52, and
a plurality of rollers 117. Rollers 117 are sized to be received in the interior of arm
weldment 44 to facilitate movement of connection pin within slot and to transfer
forces exerted on connection pin through the body of roller to upper wall of arm
weldment 44. While described herein as being urged against top wall 108 of slot 106
to transter perpendicular forces to arm weldment 44, in the illustrated embodiment
connection pin 116 does not engage top wall 108 of slot 106, rather connection pin
116 transters forces to arm weldment 44 through rollers 117. While illustrated as an
arm weldment 44, it is within the teaching of the disclosure for second paralle! link 44
to be formed from a single link or a plurality of links.

Illustratively, each spring link 46 includes a proximal end 118 formed to
include a pivot pin-receiving aperture 120 and a distal end 122 formed to include a
connection pin-receiving aperture 124. A third pivot pin 126, through which a third
proximal pivot axis 128 extends, is pivotally coupled to proximal end 118 of spring link
46 by shoulder bolts 196 received in each of the pivot pin-receiving apertures 120 in the
proximal end of each spring link 46 and two threaded holes 197 in opposite ends of
third proximal pivot pin 126. Connection pin 116 extends through each connection pin-
recetving aperture 124 and through slot 106 in arm weldment 44 to slidingly couple
distal end 122 of each spring link 46 to arm weldment 44. Connection pin 116 also
extends through proximal end clevis 130 of gas spring 52 to pivotally couple the
proximal end of gas spring 52 to spring links 46 and slidingly couple the proximal end
of gas spring 52 to arm weldment 44, While the 1llustrated embodiment includes two
spring links 46, 1t 1s within the teaching of the disclosure for a single spring link, a

spring link weldment or assembly, or a plurality of spring links to be provided.
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In the 1llustrated embodiment, a single gas spring 52 is provided. Gas

springs are well known in the art and are commercially available from several
sources. Illustratively, gas spring 56 1s a series 16 gas spring available from Suspa
Incorporated. Gas spring 52 includes a cylinder housing 132 having clevis 130
extending from the proximal end and a rod 134 extending into the cylinder housing
132 and having clevis 104 at the distal end. Connection pin 116 extends through
connection pin-receiving apertures 124 in the distal end 122 of spring links 46, slots
106 1n arm weldment 44 and the clevis 130 at the proximal end of the cylinder
housing 132 of the gas spring 52 to pivotally couple the gas spring 52 to the distal end
122 of the spring links 42 and slidingly couple the gas spring 52 to arm weldment 44.
Connection pin 116 extends through connection pin-receiving holes 124 in the distal
ears 90 of arm weldment 44 and through clevis 104 at the distal end of the rod 134 of
gas spring 52 to pivotally couple the distal end of gas spring 52 to arm weldment 44
at a location between distal end wall 112 of slot 106 and distal end 68 of arm
weldment 44. While the terms proximal and distal end are used in conjunction with
the gas spring 52, those skilled in the art will recognize that the orientation of the gas
spring 52 1s not critical to the invention. The terms proximal and distal are used in
this written description to indicate relative proximity, following the various arms of
the surgical suite apparatus, to the mounting location. In the claims, the terms
proximal and distal distinguish between portions of various components (similar to
the terms “first” and “second”) and are not intended to indicate proximity to any other
component of a surgical theater apparatus. Also, those skilled in the art will
recognize that mechanical springs, elastic material, and other materials and devices
for exerting a torce may be substituted for gas spring within the teaching of this
disclosure. All such devices are generally referred to herein as springs 136.

The proximal hub 38 is formed to include a shaft 138 and a hub portion
140. Illustratively, shaft 138 is a tube coupled at its distal end to the hub portion 140.
Shaft 138 has a length 142, best seen in Fig. 3, sufficient to extend substantially
through bearing housing 36, an outside diameter 144 sized to receive two tapered
roller bearings 146 and a Rulon™ bearing 148, and an inside diameter 150 sized to
receive a power and signal cable 152 of a slip ring assembly 154. Illustratively, a
proximal end 156 of shaft 138 is threaded to receive a locknut with key 158. Bearing

housing 36 is formed to include an aperture 160 extending longitudinally
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therethrough. Aperture 160 includes a central bore 162 and two counterbores 164 at
opposite ends of the bearing housing 36. Counterbores 164 have an inside diameter
sized to receive two bearing races 166 on which the rollers of the tapered roller
bearings 146 ride and a brake ring 168 against which Rulon™ bearing 148 is pulled
to adjust the ease of rotation of counterbalance arm assembly 30 about rotation axis
34. Rulon™ bearing 148, brake ring 168, races 166 and tapered roller bearings 146
are secured within bearing housing 36 by a lock washer with key 170 and locknut
with key 158. Cable 152 of the slip ring subassembly extends through shaft 138 and
through an aperture 172 in hub portion 140 so that power and electrical signals can be
conveyed to monttor 14.

[llustratively, hub portion 140 includes a disk portion 174 and a protrusion
176 to which shaft 138 1s attached. Disk portion 174 is formed to include a centrally
located first pivot pin-receiving hole 178, a second pivot pin-receiving hole 180 offset
radially from first pivot pin-receiving hole 178, a nut-receiving aperture 182, a pivot
pin-receiving aperture 184, an adjustment screw head-receiving counterbore 186, and
an adjustment screw shaft-receiving bore 188. The foci of first and second pivot pin-
rece1ving holes 178, 180 are located on a diametrical line 190 substantially parallel to
rotation axis 34. Adjustment screw shaft-receiving bore 188 extends from a
peripheral edge 192 of disk portion 174 radially inward through adjustment screw
head-receiving counterbore 186, pivot pin-receiving aperture 184 and nut-receiving
aperture 182, all of which are coaxial and concentric about a radial line 194. Third
pivot pin 126 includes a longitudinal axis serving as third proximal pivot axis 128 and
has an outside diameter sized to be received in pivot pin receiving aperture 184.
Threaded holes 197 extend longitudinally inwardly from opposite ends of third pivot
pin 126 to receive two shoulder bolts 196 which extend through pivot pin-receiving
apertures 120 of spring links 46 to pivotally couple proximal ends 118 of spring links
46 to proximal hub 38 for movement about third proximal pivot axis 128. Third pivot
pin 126 includes a threaded hole 198 extending radially therethrough. Third pivot pin
126 1s received in pivot pin-receiving aperture 120 so that longitudinal axis 128
extends perpendicularly through disk portion 174 and threaded hole 198 is aligned
with adjustment screw shaft-receiving bore 188.

Referring now again to Fig. 3, distal hub 48 includes a disk portion 200

and a mounting protrusion 202. Disk portion 200 is formed to include a first distal
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pivot pin-recerving hole 204 and a second distal pivot pin-receiving hole 206.
[Hustratively, first distal pivot pin-receiving hole 204 is concentrically located with
respect to disk portion 200. Second distal pivot pin-receiving hole 206 is radially
displaced from first distal pivot pin-receiving hole 204 by a displacement 208. The
foci of first and second distal pivot pin-receiving holes 204, 206 are located on a
diametrical line 210 substantially parallel to rotation axis 58. Mounting protrusion
202 1s formed to include an aperture 212 having an inside diameter sized to receive a
portion of a slip ring 214 and cable 156 of slip ring subassembly. Aperture 212 is
concentric about rotation axis 58.

Arm housing 42 includes a tubular central section 214 with a pair of
laterally spaced apart proximal ears 216 and a pair of laterally spaced apart distal ears
218 extending longitudinally beyond central section 214 as shown in Fig. 5. Arm
housing 42 1s shown as a monolithic structure but it is within the teaching of the
disclosure for arm housing 42 to be formed from multiple components. Each
proximal ear 216 includes an outer rim 220 coupled by a plurality of spokes 222 to a
central hub 224 formed to include a first proximal pivot pin-receiving hole 226
extending therethrough. Illustratively, each distal ear 218 is cup-shaped with a
central first distal pivot pin-receiving hole 228 extending therethrough. A first
proximal pivot pin 230 extends through each first proximal pin-receiving hole 226 of
arm housing 42 and the first proximal pivot pin-receiving hole 180 of proximal hub
38 to couple arm housing 42 to proximal hub 38 for pivotal movement about first
proximal pivot axis 54. A first distal pivot pin 232 extends through each first distal
pin-receiving hole 228 of arm housing 42 and the first distal pivot pin-receiving hole
204 of distal hub 48 to couple arm housing 42 to distal hub 48 for pivotal movement
about first distal pivot axis 56. First proximal pivot pin 230 and first distal pivot pin
232 intersect longitudinal axis 76 of arm housing 42 so that arm housing 42 acts as a
parallel link or parallel link assembly extending between first proximal pivot axis 54
and first distal pivot axis 56.

[llustratively, tubular central section 214 is sized to receive arm weldment
44, spring links 46 and gas spring 52 and their associated connecting pins and
mounting hardware therein. In the illustrated embodiment arm housing 42 protects
arm weldment 44, spring links 46 and gas spring 52 and their associated connecting

pins and mounting hardware from the environment and permits counterbalance arm
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40 to be easily cleaned. To facilitate this protective function, counterbalance arm 40
comprises two caps 234 and two plugs 236 to further enclose arm weldment 44,
spring links 46 and gas spring 52 and their associated connecting pins and mounting
hardware and the various pivot and connection pins coupling these various
components to the proximal and distal hubs 38 and 48, respectively.

Monitor mount assembly 50 includes an upper tube monitor cradle
weldment 238, a lower monitor tube/handle weldment 240 and a handle mandrel 242.
Upper tube monitor cradle weldment 238 includes a proximal rotation hub 244, a
horizontally extending arm portion 246, a downwardly extending arm portion 248 and
a distal rotation hub 250. Lower monitor tube/handle weldment 240 1includes a
rotation hub 252, an L-shaped bracket arm 254, an internally threaded handle
receiving hub 256, and a monitor bracket 258. Handle mandrel 242 is formed to
include a longitudinally extending aperture 260 communicating with a switch-
receiving hole 262 in a distal end 264. Handle mandrel 242 1s externally threaded at a
proximal end 266 to facilitate connection with handle receiving hub 256 of lower
monitor tube/handle weldment 240.

Mounting protrusion 202 of distal hub 48 1s mounted to proximal rotation
hub 244 of monitor mount assembly 50 for rotational movement of monitor mount
assembly 50 about rotation axis 58. To facilitate this rotational movement, thrust
needle bearing 268 1s sandwiched between an upper thrust washer 270 recetved in a
cavity in the distal hub 48 of counterbalance arm 40 and a lower thrust washer 272
received in a cavity in the proximal rotation hub 244 of the monitor mount assembly
50. A bearing cover 276 1s provided between distal hub 48 and proximal rotation
hub 244 to protect thrust needle bearings 268. A spindle 278 extends through
proximal rotation hub 244, a steel washer 280, a flanged bushing 282, thrust needle
bearings 268, thrust washers 270, 272 and into the aperture 212 of distal hub 48
where it 1s secured by a set screw 284 to distal hub 48. A lower cap 285 is provided
to cover lower end of proximal rotation hub 244. As shown, for example, in Fig. 3, a
second slip ring 286 of slip ring assembly 154 1s received in an aperture 288 of
proximal rotation hub 244 to facilitate rotation of monitor mount assembly 50 about
rotation axis 58 and transfer of signals and power through slip ring assembly 154 to
monitor 14. As shown, for example, in Fig. 3, horizontally-extending arm portion 246

and downwardly-extending arm portion 248 are tubes coupled together in an L-shape.
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Aperture 288 of proximal rotation hub 244 communicates with a lumen 290 of
horizontally-extending arm portion 246 and downwardly-extending arm portion 248
to permit a second signal and power cable 292 of slip ring assembly 154 to extend
from proximal rotation hub 244 to distal rotation hub 250. The lumen 290 of
downwardly-extending arm portion 248 communicates with an aperture 294
extending horizontally through distal rotation hub 250 to permit second signal and
power cable 292 of shp ring assembly 154 to extend into distal rotation hub 250.

Lower monitor tube/handle weldment 240 is mounted at rotation hub 252
to distal rotation hub 250 of upper tube monitor cradle weldment 238 to permit
rotational movement of lower monitor tube/handle weldment 240 with respect to
upper tube monitor cradle weldment 238 about a rotation axis 296. While mounted
for rotational movement about rotation axis 296, the presence of stops (not shown)
limits movement of lower monitor tube/handle weldment 240 with respect to rotation
axis 296 to pivotal movement having 145 degrees of travel. Stops may be positioned
to provide a greater or lesser range of pivotal motion within the teachings of the
disclosure. To facilitate pivotal movement of lower monitor tube/handle weldment
240 about rotation axis 296, a thrust needle bearing 298 is sandwiched between a
proximal thrust washer 300 received in a cavity in distal rotation hub 250 of upper
tube monitor cradle weldment 238 and a distal thrust washer 302 received in a cavity
in rotation hub 252 of lower monitor tube/handle weldment 240. A bearing cover
304 1s provided between distal rotation hub 250 of upper tube monitor cradle
weldment 238 and rotation hub 252 of lower monitor tube/handle weldment 240 to
protect the thrust needle bearings 298. A spindle 305 extends through rotation hub
252 of lower monitor tube/handle weldment 240, a steel washer 306, a flanged
bushing 308, thrust needle bearings 298, thrust washers 300, 302 and into aperture
294 of distal hub 250 of upper tube monitor cradle weldment 238 where it is secured
by a set screw 310 to distal hub 250. Two end caps 312 are provided to enclose the
outer ends of rotation hub 252 of lower monitor tube/handle weldment 240 and distal
rotation hub 250 of upper tube monitor cradle weldment 238, respectively.

L-shaped bracket arm 254 of lower monitor tube/handle weldment 240 is
illustratively comprised of tubes coupled together in an L-shape. An aperture 314 of
rotation hub 252 of lower monitor tube/handle weldment 240 communicates with a

lumen 316 of L-shaped bracket arm 254 to permit second signal and power cable 292
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of slip ring assembly 154 to extend from rotation hub 252 to a distal end 318 of L-
shaped bracket arm 254. Signal and power cable 292 extends from distal end 318 of
[-shaped bracket arm 254 and is electrically coupled to a 23-pin connector block 320.
A headed pin 322 is coupled to monitor bracket 258 to facilitate attachment of a
monttor cable assembly 324 to monitor bracket 258. Monitor cable assembly 324
mates with 23-pin connector block 320 so that power and video signals can be
provided to monitor 14. Illustratively, monitor cable assembly 324 includes a
plurality of cables terminating in connectors adapted for attachment to inputs of a
monitor 14. A control wire 326 is coupled to monitor cable assembly 324 and
extends through an L-shaped bracket arm 255, rotation hub 252, handle receiving hub
256 and handle mandrel 242. Control wire 326 terminates in a switch 328 through
which operation of the monitor 14 can be controlled.

As best shown in Fig. 4, third pivot axis 128 may be longitudinally moved
within pivot pin-receiving aperture 184 by a distance 330 along radially extending
line 194 between an uppermost position 332 and a lowermost position 334 by
movement of third pivot pin 126 through rotation of an adjustment screw 336. Radial
line 194 forms an angle 338 with the diametrical line 190 extending through the first
and second proximal pivot axes 54, 66. Illustratively, angle 338 between radial line
194 and diametrical line 190 is approximately 18.43 degrees. When counterbalance
arm 40 1s moved to its raised position, gas spring 52 (coupled through spring links 46
to third pivot axis 128) exerts the strongest force when the third pivot axis 128 is
located 1n the uppermost position 332. Conversely, when the gas spring 52 is in the
raised position, gas spring 52 exerts the weakest force when the third pivot axis

128 1s in the lowermost position 334. Adjustment screw 336 permits third pivot

pin 126 to be moved within pivot pin-receiving aperture 184 so that third pivot
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axis 128 can be located anywhere between uppermost position 332 and lowermost
position 334,

In the illustrated embodiment, a gas spring 52 is used which exhibits
approximately a 9.5% difference in force between its mitial compressed length and its
full-stroke length. The angle 338 formed between the radial line 194 and the
diametrical line 190 is fixed to substantially reduce, or hopefully eliminate, the
difference in force exerted by the gas spring 52 as counterbalance arm is moved
between its raised and lowered positions. Thus, angle 338 may be increased or
decreased in accordance with the invention to facilitate other springs exhibiting
different "stroke length to force" characteristics. In the illustrated embodiment, angle
338 has a measure of 18.43 degrees.

The measure of the angle 338 was determined through 1terations of
experiments whereby a 3-D computer generated model of counterbalance arm with a
known weight attached thereto was generated using known measurements of
components of counterbalance arm 40. The model was generated by introducing the
arm lengths, displacements between the first and second proximal and distal pivot
axes, the displacement between the top wall of slot 106 and longitudinal axis of
second parallel link 44, the displacement between the pivot pin-receiving aperture
and connection pin-receiving aperture 124 of spring link 42, the displacement
between the diametrical line 210 and rotation axis 58 of the illustrated embodiment of
counterbalance arm 40. With this computer model, the location of the third pivot axis
with respect to the first and second pivot axes could be changed and the modeled arm
pivoted to various locations within its pivotal range of motion. In each such position,
the angle formed by spring link 42 with respect to longitudinal axis 78 of second
pa:rallel link 44 could be measured as could the location of connecting pin 116 which
establishes the displacement of the rod of gas spring 52 from its equilibrium position,
the length of the moment arm through which spring link 42 and gas spring generate
torque, and the arm angle formed by counterbalance arm. Using these various angles
and positions of components and a substantially linear force to stroke length curve for
the gas spring the resultant torque on the arm for various positions could be calculated
and plotted against the displacement from diametrical line 190 of third pivot axis 128.

The arm was positioned in its raised position (38.68 degrees above the horizontal or
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51.32 degrees from vertical). The third ptvot axis 128 was moved to an initial

location where a substantial equilibrium state was obtained. Then the counterbalance
arm was pivoted to its lowered position (38.68 degrees below the horizontal or 128.68
degrees from the vertical). The resultant net torque on the arm in the lowered
position was determined and plotted against the position of third pivot axis 128.
Additional torque calculations were taken at various positions between the raised and
lowered positions. A new location of third pivot axis 128 was chosen and the process
repeated. Third pivot axis was moved to various locations, but only those locations
which produced minimal resultant torques were plotted. A straight line was drawn
through the plotted points to establish the appropriate measurement of angle 338. It 1s
within the teaching of the disclosure for angle 338 to be determined by other methods
so long as the appropriate mechanical disadvantage 1s provided. Angle 338 can be
determined by experimentation with a physical model or through mathematical
modeling.

In generating a mathematical model, or in calculating torques generated by
the weight and spring, the following will be helpful.

While, applicant prefers to select the measurement of angle through
experimentation and iteration, it 1s believed that optimal angle can be determined
generally using mathematical models‘of counterbalance arm 40. As explained above,
first and second distal pivot axes 56 and 70, respectively, are displaced from one
another by distance 208 (in the illustrated embodiment equal to 0.75”), shown in
Fig. 3, and first and second and proximal pivot axes 54 and 66, respectively, are
displaced from one another by displacement 72 (in the 1llustrated embodiment equal
to 0.757), shown in Fig. 4, substantially equal to distance 208. Displacement 72 is
measure along diametrical line 190 and displacement 208 is measured along
diametrical line 210. Diametrical line 210 1s parallel or substantially paraliel to
rotation axis 58 which 1s presumed to be vertical. Distance 211 between diametrical
line 210 and rotation axis 38 is fixed (in the illustrated embodiment 0.781).
Diametrical line 190 i1s parallel or substantially parallel to rotation axis 34 which is
presumed to be vertical. Distance 191 between diametrical line 190 and rotation axis
34 1s fixed (in the 1llustrated embodiment 0.7817"). The weight of monitor arm
assembly 50 and device 12 is assumed to act vertically downwardly along rotation

axis 58. This assumption introduces slight error into the calculation as connections
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between the distal end of counterbalance arm 40 and components of monitor arm
assembly 50 are not rigid. Assuming that counterbalance arm 40 1s a weightless
incompressible moment arm introduces little error to the mathematical modeling
since monitor arm assembly 50 and device 12 are generally much more massive than
counterbalance arm 40. Recognizing that some error 1s introduced 1nto the
mathematical model by these assumptions and other assumptions to be introduced
later, optimal angle can be generally determined by assuming that spring force can be
linearly modeled using Hooke’s Law and that first and second parallel links act as
components of moment arms to which the law of levers may be applied.

Weight (“W”) of monitor mount assembly 50 and device 12 is assumed to
be a determinable constant acting vertically downwardly along rotation axis 58 to
generate a torque about first proximal pivot axis 54. Thus weight acts on a moment
arm having a length 362 (LLmai), as shown in Fig 8. Arm housing or first parallel link
42. arm weldment or second parallel link 44, proximal arm hub 38 and distal arm hub
48 are configured such that pivotal movement of counterbalance arm 40 about first
proximal pivot axis 54 is limited. For example, the upper surface of arm housing or
first parallel link 42 prohibits rotation of counterbalance arm 40 upwardly beyond a
point at which upper surface of arm housing 42 would contact the outer surface ot
proximal hub 38 or bearing housing 36. In the illustrated embodiment, hub 38 and
first parallel link 42 are formed to include stops (not shown) limiting pivotal
movement of counterbalance arm 40 between an upper limit or raised position
(wherein the arm angle © is 38.68 degrees above horizontal or 51.32 degrees from
vertical) and a lower limit or lowered position (wherein the arm angle © 1s 38.68

degrees above horizontal or 128.68 degrees from vertical).

Weight of monitor mount assembly 50 and device 12 thus acts on a
moment arm having the length (Lmai) 362 of the distance (L) 55 (in the 1llustrated
embodiment 26”) between first proximal and distal axes 54 and 56, respectively, plus

the additional distance required to extend this longitudinal axis to intersect rotation
axis 58. Since rotation axis 58 and the diametrical line 210 through the first and
second distal axes 56 and 70, respectively, 1s set at a fixed displacement (D) 211 (see
Fig. 3) and the longitudinal axis forms an angle ® with the vertically oriented line 56

and axis 58, the additional distance 1s D/sin®. Thus moment arm has a length 362

(see Fig. 8):
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Lmai= Lipi + D/sin®.

Since the weight acts vertically downwardly, the component of the weight
perpendicular to the moment arm 1s W * sin®. Thus the torque generated by the
weight can be expressed:

T=-W * sin®@*(Ly + D/sin®) = -(W* L * sin® + W*D)

Reterring again to Figs. 3 and 5, to maintain equilibrium of the
counterbalance arm 40, the force exerted by the gas spring 52 must generate a torque
having the same magnitude in the opposite direction. The force (F) exerted by the gas
spring 52 acts on connection pin 116 extending through slot 106 and connection pin-
recelving aperture 124 in distal end 122 of spring link 46. Spring link 46 and
connection pin 116 and top wall 108 of slot 106 act to reduce the spring force to a
component along the longitudinal axis of the spring link 46 and a force perpendicular
to the longitudinal axis 78 of second parallel link 44. Counterbalance arm 40 is
formed to maintain longitudinal axis 78 of second parallel link 44 parallel to
longitudinal axis 76 of first parallel link 42. Proximal hub 38 is formed to fix first
and second proximal pivot axes 54, 66 so that second pivot axis 66 is always
vertically above first pivot axis 54 and displaced from first pivot axis 54 by distance
72. Distal hub 48 is formed to fix first and second distal pivot axes 56, 70 so that
second pivot axis 70 is always vertically above first pivot axis 56 and displaced from
first pivot axis 56 by distance 208. In the illustrated embodiment, top wall 108 of slot
106 1s displaced from longitudinal axis 78 of second parallel link 42 by a
displacement of 0.125”. This displacement is minimal compared to other relevant
lengths, distances and displacements and may be ignored in modeling
counterbalance arm 40 with little error introduction. The force perpendicular to the
longitudinal axis 78 of second parallel link 44 generates a torque in the opposite
direction from the torque generated by the weight W. Because of the parallel
construction, the force perpendicular to the longitudinal axis 78 of second parallel
link 44 may be treated for modeling purposes as a force perpendicular to the
longitudinal axis 76 of second parallel link 42 and as generating a torque in the

opposite direction from the torque generated by the weight W. However in order to
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satisfy this simplification, the focus of angle 332 must be displaced downwardly by
the distance 72 between the first and second proximal pivot pins

Those skilled in the art will recognize that when counterbalance arm 40
is in its lowered position, forming an angle of 128.68 degrees to the vertical, the
weight of monitor arm assembly 50 and device 12 generates a torque about first
proximal pivot axis 54 identical in magnitude to the torque generated when the
counterbalance arm is in the raised position, forming an angle of 128.68 degrees to the
vertical, because sin(51.32) is equal to sin(128.68). However, the angle formed
between spring link 46 and second parallel link 44 decreases as counterbalance arm
40 rotates between its raised and lowered positions. The decrease of the angle formed
between spring link 46 and second parallel link 44 causes the component of force
perpendicular to second parallel link 44 to be decreased. Similarly, as counterbalance
arm 40 pivots from raised position toward lowered position, the length of the moment
arm at which the component of spring force perpendicular to second link acts
increases, thereby reducing the torque generated proportionally.

Those skilled in the art will recognize that the device disclosed herein
takes advantage of offsetting the third pivot axis 128 downwardly from the first and
second proximal pivot axes 54 and 66, respectively and inwardly between the lIine 190
intersecting the first and second proximal pivot axes 54 and 66 and the Iine 210
intersecting the first and second distal pivot axes 56 and 70 respectively to provide a
mechanical disadvantage to the combination of spring link 46 and spring 136 through
the range of pivotal motion of counterbalance arm 40. Preferably the mechanical
disadvantage compensates for the increased force exerted by spring 136 resulting
from its further displacement from equilibrium during pivotal movement of
counterbalance arm 40 between its upper limit of pivotal motion and its lower limit of
pivotal motion. To the extent that the mechanical disadvantage does not completely
compensate for the increased force exerted by spring 136, frictional forces inherent 1n
the counterbalance arm 40 permit the counterbalance arm to maintain an equilibrium
state at each orientation throughout 1ts range of pivotal motion.

Referring to Fig. 6, counterbalance arm 40 is shown in the raised
position with adjustment screw 336 rotated so that the third proximal pivot axis 128 1s

in its uppermost position causing the spring 136 to exert its strongest 1nitial force.
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Whenever counterbalance arm 40 is in its raised position, i.e. at its upper limit

regarding its pivotal movement about first proximal pivot axis 54, connection pin 116
extending through connection pin-receiving hole 124 1n distal end 122 of spring links
46 1s at a minimal displacement 350 from proximal end wall 114 of slot 106. The
minimal displacement 350 of connection pin 116 from proximal end wall 114 differs
depending on the location at which the third proximal pivot axis 128 1s set. When the
third proximal pivot axis 128 is set at its uppermost position, as shown, for example,
in Fig. 6, the minimal displacement 350 of connection pin 116 from proximal end
wall 114 of slot 106 1s at a maximum value 352. Distal clevis 104 of rod 134 pivots
about pivot pin 102 which is in a fixed position relative to arm weldment 44 and
proximal clevis 130 of cylinder housing 132 1s movable longitudinally with respect to
arm weldment 44. Thus, when third proximal pivot axis 128 is in its uppermost
position and the minimal displacement 350 of connection pin 116 from proximal end
wall 114 is at its maximum value 352, the cylinder head within gas spring 52 has
been urged by rod 134 to begin compressing gas in the cylinder housing 132 by a
maximum initial value causing the force exerted by the gas spring 52 to be at a
maximum initial value.

Referring to Fig. 7, counterbalance arm 40 1s shown in the raised position
with the adjustment screw 336 rotated so that the third proximal pivot axis 128 is in
its lowermost position causing the spring 136 to exert its weakest initial force. When
the third proximal pivot axis 128 is set at its lowermost position, as shown, for
example, in Fig. 7, the minimal displacement 350 of connection pin 116 from
proximal end wall 114 of slot 106 1s at a minimum value 354. Distal clevis 104 of
rod 134 pivots about pivot pin 102 which is 1n a fixed position relative to arm
weldment 44 and proximal clevis 130 of cylinder housing 132 is movable
longitudinally with respect to arm weldment 44. Thus, when third proximal pivot
axis 128 1s in its lowermost position and the minimal displacement 350 of connection
pin 116 from proximal end wall 114 is at 1ts minimum value 354, the cylinder head
within gas spring 52 has been urged by rod 134 to begin compressing gas in the
cylinder housing 132 by a minimum initial value causing the force exerted by the gas

spring 52 to be at a minimum initial value.
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As shown for example, in Fig. 8, when counterbalance arm 40 is rotated
downwardly about first proximal pivot axis 54, connection pin 116 extending through
connection pin-receiving hole 124 in distal end 122 of spring links 46 and proximal
clevis 130 of gas spring 52 slides longitudinally within slot 106 to increase the a
displacement 356 of connection pin 116 from proximal end wall 114 of slot 106. As
the displacement 356 of connection pin 116 from proximal end wall 114 increases,
rod 134 urges cylinder head of gas spring 52 further into cylinder housing 132
further compressing the gas in the cylinder and increasing the force exerted by the gas
spring 52.

As shown, for example, 1n Fig. 9, when counterbalance arm 40 1s rotated
downwardly about first proximal pivot axis 128 to its lowered position, connection
pin 116 extending through connection pin-receiving hole 124 in distal end 122 of
spring links 46 and proximal clevis 130 of gas spring 52 slides longitudinally within
slot 106 so that the displacement 356 of connection pin from proximal end wall 114
of slot 106 reaches a maximum value 358. As the displacement 356 of connection
pin 116 from proximal end wall 114 increases, rod 134 urges cylinder head of gas
spring 52 further into cylinder housing 132 further compressing the gas in the
cylinder and increasing the force exerted by the gas spring 52. Thus, when the
displacement 356 reaches a maximum value 3358, the force exerted longitudinally
along arm weldment 44 by spring 136 reaches a maximum value for a set location of
the third proximal pivot pin 126.

As shown in Figs. 7-9, because first parallel link 42, second parallel link
44 and the fixed displacement 72 of first and second proximal pivot axes 54, 66,
respectively, and first and second distal pivot axes 56, 70, respectively, create a
parallelogram linkage, diametrical lines 190, 210 remain parallel throughout the
pivotal range of counterbalance arm 40 about first proximal pivot axis 54. This
permits monitor 14 mounted to monitor mount assembly 50 to remain properly
oriented regardless of its vertical displacement from ceiling 20 of surgical suite.

As mentioned in the background, spring links 46, connection pin 116, slot
106 and gas spring 52 cooperate to urge connection pin 116 against upper wall 108 of
slot 106 so that an upwardly directed vertical component of force is exerted at the

location of connection pin 116 on second link 44. First parallel link 42 can be



10

15

20

CA 02460482 2004-03-12

WO 03/0254353 PCT/US01/28731

-21-

viewed as a lever with a fulcrum at the first proximal pivot axis 54. Thus, to facilitate
vertical positioning of a device 12 connected to monitor mount assembly 50, 1t 1s
desirable that the vertical component of force exerted by the connection pin 116
multiplied by the length 360 of the moment arm from the first proximal pivot axis 54
to the location of the connection pin 116 be equal to the vertical component of the
force exerted by the weight of the monitor mount and device and the length 362 of the
moment arm between the first proximal pivot axis 54 and rotation axis 58.
Ilustratively, angle 338 between radial line 194 and diametrical line 190 1s
determined based on the length of the spring links 46, the length 362 of the moment
arm from first proximal pivot axis 54 to rotation axis 58, the displacement 72 between
the first and second parallel links, and the force to stroke length characteristics of
spring 136, so that the proper mechanical disadvantage 1s provided to cause the torque
exerted by the weight of the monitor mount assembly 50 and device 12 to the
counterbalance arm 40 to be substantially equal to, but opposite 1n direction from, the
torque applied by the connection pin 116 through the upper wall 108 of the slot 106 to
counterbalance arm 40.

Although the foregoing embodiment has been described, one skilled in
the art can easily ascertain the essential characteristics of the apparatus, and various
changes and modifications may be made to adapt the various uses and characteristics
without departing from the spirit and scope of this application, as described by the

claims which follow.
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WHAT IS CLAIMED IS:

1. A counterbalance arm assembly comprising:

a proximal hub formed to include a first proximal pivot axis extending
therethrough, a second proximal pivot axis extending therethrough, and a third
proximal pivot axis extending therethrough, said first, second and third proximal pivot
axes being substantially mutually parallel, wherein the displacement between the first
and third proximal pivot axes 1s adjustable,

a distal hub having a first distal pivot axis extending therethrough and a
second distal pivot axis extending therethrough,

a first parallel link coupled at its proximal end for pivotal movement of the
first parallel link relative to the proximal hub about the first proximal pivot axis and
coupled at its distal end for pivotal movement of the first parallel link relative to the
distal hub about the first distal pivot axis,

a second parallel link coupled at its proximal end for pivotal movement of the
second parallel link relative to the proximal hub about the second proximal pivot axis
and coupled at its distal end for pivotal movement of the second parallel link relative
to the distal hub about the second distal pivot axis,

a spring coupled at its distal end to the second parallel link and at its proximal
end to the second parallel link for longitudinal movement of the proximal end of the
spring relative to the second link,

a spring link coupled at its proximal end to the proximal hub for pivotal
movement of the spring link about the third proximal axis, coupled at its distal end to
the second parallel link for longitudinal movement of the distal end of the spring link
relative to the second parallel link, and coupled at its distal end to the proximal end of
the spring,

wherein the proximal hub 1s formed to include an aperture extending radially
from the first pivot axis and further comprising a pivot pin defining the third proximal
pivot axis, said pin being slidably received in the aperture for movement of the pin

radially with respect to the first proximal pivot axis,
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wherein a line intersecting the first and third proximal pivot axes is not
colinear with and forms an angle with a line intersecting the first and second proximal
p1vot axes,

wherein the first parallel link includes a longitudinal axis intersecting the first
proximal and distal pivot axes, the second parallel link includes a longitudinal axis
substantially parallel to the longitudinal axis of the first parallel link and intersecting
the second proximal and distal pivot axes, the longitudinal axes of the first and second
parallel links remain substantially parallel during movement of a device coupled
thereto between a first elevation and a second elevation and the first longitudinal axis

1s between the second and third pivot axes.

2. The counterbalance arm assembly of claim 1 wherein a line intersecting the
first and second distal pivot axes remains parallel to the line intersecting the first and
second proximal pivot axes during movement of the device between the first elevation
and the second elevation and the third proximal pivot axis is disposed between the

line intersecting the first and second distal pivot axes and the line intersecting the first

and second proximal pivot axes.

3. The counterbalance arm assembly of claim 2 wherein the first parallel link

includes a housing having a cavity extending therethrough and a portion of the second

parallel link 1s received in the cavity.

4. The counterbalance arm of claim 3 further comprising caps and plugs and
wherein the first parallel link, caps, plugs, proximal hub and distal hub cooperate to

form an enclosure around the second parallel link.

5. A surgical theater system for attachment to a structural component in a ceiling
of a surgical suite, the surgical theater system comprising:

a hub configured to be mounted to the structural component and configured to
rotate about a first vertical axis extending through the hub,

a boom having a proximal end and a vertically-downwardly extending portion

horizontally displaced from the proximal end terminating in a distal end, the boom
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being mounted at its proximal end to the hub, the vertically-downwardly extending
portion having a second vertical axis extending therethrough,

a proximal hub formed to include a first proximal pivot axis extending
therethrough, a second proximal pivot axis extending therethrough, and a third
proximal pivot axis extending therethrough, an aperture extending radially from the
first pivot axis, and including a pivot pin detfining the third proximal pivot axis
slidably received in the aperture for movement of the pin radially with respect to the
first proximal pivot axis whereby the displacement between the first and third
proximal pivot axes is adjustable, the proximal hub being mounted to the vertically-
downwardly extending portion of the boom for rotational movement of the hub about
the second vertical axis,

a distal hub having a first distal pivot axis extending therethrough and a
second distal pivot axis extending therethrough,

a first parallel link coupled at its proximal end for pivotal movement of the
first parallel link relative to the proximal hub about the first proximal pivot axis and
coupled at its distal end for pivotal movement of the first parallel link relative to the
distal hub about the first distal pivot axis,

a second parallel link coupled at its proximal end for pivotal movement of the
second parallel link relative to the proximal hub about the second proximal pivot axis
and coupled at 1ts distal end for pivotal movement of the second parallel link relative
to the distal hub about the second distal pivot axis,

a spring coupled at its distal end to the second parallel link and at its proximal
end to the second parallel link for longitudinal movement of the proximal end of the
spring relative to the second link,

a spring link coupled at its proximal end to the proximal hub for pivotal
movement of the spring link about the third proximal axis, coupled at its distal end to
the second parallel link for longitudinal movement of the distal end of the spring link

relative to the second parallel link, and coupled at its distal end to the proximal end of

the spring.
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0. The surgical theater system of claim 5 wherein a line intersecting the first and
third proximal pivot axes is not colinear with and forms an angle with a line

intersecting the first and second proximal pivot axes.

7. The surgical theater system of claim 6 wherein the first parallel link includes a
longitudinal axis intersecting the first proximal and distal pivot axes, the second
parallel link includes a longitudinal axis intersecting the second proximal and distal
pivot axes, the longitudinal axes of the first and second parallel links remain parallel
during movement of a device coupled thereto between a first elevation and a second
elevation and the first longitudinal axis is between the second and third pivot axes and
a line intersecting the first and second distal pivot axes remains parallel to the line
intersecting the first and second proximal pivot axes during movement of the device
between the first elevation and the second elevation and the third proximal pivot axis
is disposed between the line intersecting the first and second distal pivot axes and the

line intersecting the first and second proximal pivot axes.

8. A counterbalance arm assembly comprising:

a proximal hub formed to include a first proximal pivot axis extending
therethrough, a second proximal pivot axis extending therethrough, and a third
proximal pivot axis extending therethrough, wherein a first line intersects the first and
second proximal pivot axes and the displacement between the first and third proximal
pivot axes 1s adjustable,

a distal hub having a first distal pivot axis extending therethrough and a
second distal pivot axis extending therethrough, wherein a second line intersects the
first and second distal pivot axes and is substantially parallel to the first line,

a first parallel link coupled at its proximal end for pivotal movement of the
first parallel link relative to the proximal hub about the first proximal pivot axis and
coupled at 1ts distal end for pivotal movement of the first parallel link relative to the
distal hub about the first distal pivot axis, the first parallel link having a first
longitudinal axis intersecting the first proximal and distal pivot axes

a second parallel hnk coupled at 1ts proximal end for pivotal movement of the

second parallel link relative to the proximal hub about the second proximal pivot axis
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and coupled at its distal end for pivotal movement of the second parallel link relative
to the distal hub about the second distal pivot axis, the second parallel link having a
second longitudinal axis intersecting the second proximal and distal pivot axes and is
substantially parallel to the first longitudinal axis,

a spring coupled at its distal end to the second parallel link and at its proximal
end to the second parallel link for longitudinal movement of the proximal end of the
spring relative to the second link,

a spring link coupled at its proximal end to the proximal hub for pivotal
movement of the spring link about the third proximal axis, coupled at its distal end to
the second parallel link for longitudinal movement of the distal end of the spring link
relative to the second parallel link, and coupled at its distal end to the proximal end of
the spring,

and wherein the third proximal pivot axis has a range of motion over which
the third proximal pivot axis 1s always positioned so that the first longitudinal axis is
between the second longitudinal axis and the third proximal pivot axis and so that the
third proximal pivot axis is between the first line and the second line, whereby a
mechanical disadvantage 1s provided to the coupled spring link and spring
substantially compensating for increased spring forces resulting from further
displacement from the spring’s equilibrium length during pivotal movement of the
counterbalance arm between a raised and a lowered position,

and wherein the second distal link includes a longitudinally-extending slot and
a connecting pin, said connecting pin extending laterally through the slot to couple the

distal end of the spring link and the proximal end of the spring to the second parallel

link.

9. The counterbalance arm of claim 8 wherein the first parallel link includes a
housing having a cavity extending therethrough and a portion of the second parallel

link 1s received in the cavity.

10.  The counterbalance arm of claim 9 wherein the first parallel link, proximal

hub and distal hub cooperate to enclose the second parallel link.
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