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(57) Abstract

An arm assembly (32, 34) for sup-
porting a surgical lighthead (36, 38) of a
surgical light apparatus (30) includes a first
arm (46) and a first clevis (96) appended
to the first arm (46). The first clevis (96)
has a pair of separated first flanges (110).
The first clevis (96) further includes a first
stop surface (230) and a second stop sur-
face (232). The arm assembly (32, 34) in-
cludes a second arm (48) which is formed
to include an interior region. The surgical
lighthead (36, 38) is supported by the sec-
ond arm. A second clevis (98) is appended
to the second arm (48) and has a pair of
separated second flanges (116). The second
clevis (98) further includes a third stop sur-
face (234) and a fourth stop surface (236).
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SUPPORT ARM FOR SURGICAL LIGHT APPARATUS

Background and Summary of the Inventior

The present invention relates to a surgical light apparatus, and
particularly, to a support arm for the surgical light apparatus. More particularly, the
present invention relates to a jointed support arm that permits movement of a lighthead
of the surgical light apparatus to various positions and that counterbalances the weight
of the surgical lighthead.

Surgical lights used in hospital operating rooms to illuminate surgical
sites on patients are known. Many surgical lights include a surgical lighthead
containing a light source and an arm mechanism configured to support the surgical
lighthead relative to a ceiling of the operating room. Such arm mechanisms typically
include one or more joints which allow the surgical lighthead to be moved in plural
degrees of freedom within the operating room to various positions so that the light
source of the surgical light illuminates a surgical site on a patient in a desired manner.
[t 1s desirable for the arm mechanism of the surgical light to counterbalance the
assoclated surgical lighthead when the surgical lighthead is at any position within a
range of positions.

According to the present invention, an arm assembly for supporting a
surgical lighthead of a surgical light apparatus includes a first arm and a first clevis
appended to the first arm. The first clevis has a pair of separated first flanges. The
first clevis further includes a first stop surface and a second stop surface. The arm
assembly includes a second arm which is formed to include an interior region. The
surgical lighthead is supported by the second arm. A second clevis is appended to the
second arm and has a pair of separated second flanges. The second clevis further
includes a third stop surface and a fourth stop surface.

A pair of pivot pins pivotably couples each of the pair of second flanges
to a respective one of the first flanges so that the second arm and second clevis are
pivotable about a main pivot axis relative to the first arm and first clevis. The pivot
pins are spaced apart to define a gap therebetween. A rod extends within the interior
region of the second arm. The arm assembly includes a link coupled to the rod and

pivotably coupled to the first clevis for pivoting movement about a link pivot axis that
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1s spaced apart from the main pivot axis. A spring extends within the interior region of
the second arm and exerts a force on the rod and the link to counterbalance the
surgical lighthead.

The arm assembly 1s configured so that the second arm and second
clevis are pivotable about the main pivot axis relative to the first arm and first clevis
between a first position in which the third stop surface engages the first stop surface to
limit pivoting movement of the second clevis and second arm in a first direction and a
second position in which the fourth stop surface engages the second stop surface to
limit pivoting movement of the second clevis and second arm in a second direction.
The link moves into the gap between the pair of pivot pins during movement of the
second arm and second clevis between the first position and the second position.

In preferred embodiments, the arm assembly includes an adjuster
mounted on the rod. The adjuster includes a spring-engaging portion that engages the
spring to compress the spring against the second clevis. The adjuster is movable to
change the force exerted by the spring on the rod and the link to counterbalance the
surgical lighthead. Also in preferred embodiments, the arm assembly includes a space
filler that 1s positioned to he between the first flanges of the first clevis. The space
filler includes a rim that spans the space between the first flanges. In addition, the rim
of the space filler cooperates with the first flanges to span the space between the
second flanges of the second clevis.

Additional features and advantages of the present invention will become
apparent to those skilled 1n the art upon consideration of the following detailed
description of preferred embodiments exemplifying the best mode of carrying out the

invention as presently perceived.

Brief Description of the Drawing

The detailed description particularly refers to the accompanying figures
in which:

Fig. 1 1s an 1sometric view of a surgical light apparatus in accordance
with the present invention showing a first surgical lighthead suspended from a ceiling

of a hospital room by a first arm assembly, a second surgical lighthead suspended from
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the ceiling of the hospital room by a second arm assembly, and a light-controller box
mounted to a wall of the hospital room;
Fig. 2 1s an exploded view of the first arm assembly of Fig. 1 showing a
vertically extending first arm, a first clevis arranged for attachment to a bottom portion
5  of the first arm, a second clevis arranged for attachment to the first clevis by a pair of
pivot pins, a yoke arranged for attachment to the first surgical lighthead, a tubular
second arm having a first end that attaches to the yoke and a second end that attaches
to the second clevis, and components of a counterbalancing mechanism arranged for
insertion into respective interior regions of the second arm and second clevis;

10 Fig. 3 1s a side elevation view of the first arm mechanism of Fig. 2, with
portions broken away, showing the counterbalancing mechanism including a coil spring
extending within an interior region of the second érm, a rod extending through the coil
spring within the interior region of the second arm, a link having one end pivotably
coupled to one end of the rod and having another end pivotably coupled to the first

15  clevis, and an adjuster bolt threadedly coupled to another end of the rod, the adjuster
bolt including a plurality of small holes that are accessible through a window formed in
the second arm;

Fig. 4 1s a side elevation view similar to Fig. 3 showing the second arm
and second clevis pivoting in the direction of the double arrow relative to the first

20  clevss, the rod moving relative to the second arm as the second arm and second clevis
pivot 1n the direction of the double arrow so that the spring is further compressed
between the adjuster bolt and a shoulder of the second clevis;

Fig. 5 1s a side elevation view of a portion of the second arm in a
horizontal position showing the adjuster bolt adjusted relative to the rod such that the

25  small holes of the adjuster bolt are inaccessible through the window in the arm and
such that the small holes would become accessible through the window in the second
arm 1f the second arm were pivoted downwardly away from the horizontal position by
a sufficient amount;

Fig. 6 1s a side elevation view of a portion of the first arm mechanism

30  showing the second arm and second clevis in a horizontal position (in solid), the
second arm and second clevis being pivotable from the solid-line horizontal position in

a counterclockwise direction to a first position (in phantom) in which a stop edge of
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the second clevis engages an associated stop edge of the first clevis, and the second
arm and second clevis being pivotable from the solid-line horizontal position in a
clockwise direction through another horizontal position (in phantom) into a second
position (in phantom) in which another stop edge of the second clevis engages an
assoclated stop edge of the first clevis;

Fig. 7 1s a rear view of the arm mechanism of Fig. 6 showing a pair of
flanges of the first clevis positioned to lie between a pair of flanges of the second clevis
and showing a space filler positioned to lie between the pair of flanges of the first
clevis;

Fig. 8 1s a sectional view of the arm mechanism of Fig. 6, taken along
line 8-8, showing the link of the counterbalancing assembly pinned to the flanges of the
first clevis above the pair of pivot pins coupling the second clevis to the first clevis;

Fig. 9 1s a side elevation view of the space filler showing an arcuate slot
and a central aperture formed 1n a thin wall of the space filler and showing an arcuate
rim of the space filler appended to an outer periphery of the thin wall;

Fig. 10 1s side elevation view of a portion of an alternative embodiment
arm mechanism 1n accordance with the present invention, with portions broken away,
showing a second clevis of the alternative embodiment arm mechanism in a raised or
first position (in solid) in which a stop edge of the second clevis engages an associated
stop member of a first clevis of the alternative embodiment arm mechanism, and the
second clevis being pivotable from the raised position in a clockwise direction
(indicated by the phantom double arrow) into a lowered or second position (in
phantom) 1n which another stop edge of the second clevis engages an associated stop
edge of the first clevis; and

Fig. 11 1s a rear view of a portion of the alternative embodiment arm
mechanism of Fig. 10 showing the second clevis in an intermediate position between

the raised and lowered positions.

Detalled Description of the Drawing:
A surgical light apparatus 30 includes a first arm assembly 32, a second
arm assembly 34, a first lighthead 36 coupled to first arm assembly 32, and a second

lighthead 38 coupled to second arm assembly 34 as shown in Fig. 1. First and second
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arm assemblies 32, 34 each couple to a common mounting apparatus 42 which is
configured to mount to suitable support structure (not shown) associated with a ceiling
44. Each arm assembly 32, 34 includes an L-shaped upper or first arm 46, a lower or
second arm 48, and a yoke 50. Each first arm 46 is independently pivotable relative to
5  mounting apparatus 42 about a vertical pivot axis 52. Each second arm 48 is pivotable

relative to the respective first arm 46 about a respective horizontal or main pivot axis
54 and about a respective vertical pivot axis 53 that is spaced from pivot axis 52. In
addition, each yoke 50 1s pivotable relative to the respective second arm 48 about a
respective pivot axis 56 and each of lightheads 36, 38 is pivotable relative to the

10  respective yoke 50 about a respective pivot axis 58. Thus, arm assemblies 32, 34 and
lightheads 36, 38 are movable to a variety of positions relative to ceiling 44.

Each lighthead 36, 38 includes a dome-shaped housing 60, a lens 62
through which light shines from the respective lighthead 36, 38, and a handle assembly
64 as shown in Fig. 1. Each handle assembly 64 includes a handle 66 which is grasped

15 by a surgeon to move the respective lighthead 36, 38 and associated arm assembly 32,
34 to a destred position. Each lighthead 36, 38 includes one or more light bulbs (not
shown) and each lighthead 36, 38 includes a reflector (not shown) that reflects light
emanating from the at least one light bulb to illuminate a surgical site on a patient.
Each lighthead 36, 38 also includes a light absorption filter (not shown) that is

20  fabnicated from specially formulated glass to filter most of the near and mtermediate
infra-red emissions from the at least one light bulb.

Handle 66 of each handle assembly 64 1s rotatable to move the at least
one light bulb relative to the reflector to adjust the pattern size of reflected light that.
tluminates the surgical site. The pattern size may be thought of generally as the

25  diameter of the area illuminated by the associated lighthead 36, 38. In addition, handle
assembly 64 includes a button 74 at the bottom of handle 66 which is pressed to adjust
the intensity level at which light emanates from the at least one light bulb. Handle
assembly 64 includes an escutcheon 76 above handle 66. Handle assembly 64 further
includes a first set of LED’s 78 and a second set of LED’s 80 that are visible on

30  respective sides of escutcheon 76 to provide user information regarding the operation

of the at least one light bulb and the intensity level at which light is emanating from the
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at least one light bulb. In preferred embodiments, each of the at least one light bulbs 1s a
tungsten halogen lamp.

Surgical light apparatus 30 includes a controller box 82, shown 1n Fig. 1, which
1s mounted to a wall 84 or other suitable structure and which 1s coupled electrically to surgical
lightheads 36, 38 to control the operation of the at least one light bulb. Controller box 82
includes a control panel 86 having buttons 88 and sets of LED’s 90 that are associated with
each respective lighthead 36, 38. Each set of LED’s 90 1s arranged similarly and provides the
same information as LED’s 78, 80 of the respective lighthead 36, 38. In addition, each button
86 1s pressed to change the light intensity of the at least one light bulb 1n the same manner that
button 74 of the associated lighthead 36, 38 is pressed to change the light intensity of the at
least one light bulb. Thus, the operation of the at least one light bulb is controllable either
with the respective handle assembly 64 or controller box 82. Surgical light apparatus 30
optionally may include a task light 92, shown 1n Fig. 1, and controller box 82 optionally may
include a button 94 that 1s pressed to turn task light 92 on and oft.

Other features of surgical light apparatus 30 are discussed and shown 1n detatl
in commonly owned U.S. Patents Nos. 6,176,597 entitled “Reflector for Surgical Light
Apparatus”; 6,443,596 entitled “Surgical Light Apparatus with Improved Cooling”; 6,402,351
entitled “Controls for Surgical Light Apparatus”; and 6,132,062 entitled “Task Light for
Surgical Light Apparatus™.

The description below of first arm assembly 32 and the operation of first arm
assembly 32 applies as well to second arm assembly 34 and the operation of second arm
assembly 34 unless specifically noted otherwise. In addition, although surgical light apparatus
30 includes two arm assemblies 32, 34 and two lightheads 36, 38 as shown in Fig. 1, it is
within the scope of the invention as presently percetved for a different number of arm
assemblies and corresponding lightheads to be provided. For example, a surgical light
apparatus having only one arm assembly and one corresponding lighthead and a surgical light
apparatus having three or more arm assemblies and three or more corresponding lightheads are
possible.

Arm assembly 32 includes first arm 46 and second arm 48 as previously

described. Arm assembly 32 further includes a first clevis 96 that attaches or otherwise
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appends to first arm 46 and a second clevis 98 that attaches or otherwise appends to
second arm 48 as shown, for example, in Figs. 2 and 3. First clevis 96 includes a main
body 100 and a pair of flanges 110 appended to main body 100 and extending
therefrom 1n parallel relation so as to define a space 112 therebetween as shown in
Fig. 2. Second clevis 98 includes a main body 114 and a pair of flanges 116 appended
to main body 114 and extending therefrom in parallel relation so as to define a space
118 therebetween. Space 118 is larger than space 112.

Flanges 110 of first clevis 96 are received in space 118 of 'second clevis
98 and flanges 110 each include an outer side face 120 that confronts a respective
inner side face 122 of flanges 116 such that a minimal amount of clearance exists
between side faces 120, 122. Flanges 110 each include a main aperture 124 and
flanges 116 each include a main aperture 126 as shown in Fig. 2. A pair of pivot pins
128 1s recerved by apertures 124, 126 to pivotably couple flanges 116 of second clevis
98 to respective flanges 110 of first clevis 96. Pivot pins 128 are spaced apart from
one another such that a portion of space 112 defines a gap 130 between pivot pins 128
as shown best in Fig. 8.

In preferred embodiments, apertures 124 formed in flanges 110 of
clevis 96 are threaded and apertures 126 formed in flanges 116 of clevis 98 are
smooth. In addition, each pivot pin 128 includes an enlarged head portion 127
recerved 1n a respective aperture 126 and a threaded portion 129 received in a
respective aperture 124. Apertures 124 are smaller in diameter than apertures 126 so
that when pivot pins are threaded into apertures 124, head portions 127 engage a
shoulder surface 131 of the respective flange 110. As second clevis 98 and second arm
48 pivot about main pivot axis 54, pivot pins 128 remain stationary along with flanges
110 of tirst clevis 96 while flanges 116 of second clevis 98 rotate relative to enlarged
head portions 127 of pivot pins 128. Pivot pins 128, therefore, cooperate with
apertures 126 to define main pivot axis 54 about which second clevis 98 and second
arm 48 rotate. Each flange 116 is formed to include a recess 132, shown in Fig. 2, and
arm assembly 32 includes a pair of cover plates 134 that are received in respective
recesses 132 and that are fastened to the respective flange 116 by suitable fasteners,

such as screws 136. Arm assembly 32 further includes a pair of cosmetic caps 138,
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shown 1n Figs. 1, 2 and 8, that are received in respective recesses 132 to shield
respective cover plates 134 and screws 136 from view.

Second arm 48 1s a tubular member having an interior region 142 and
second clevis 98 is formed to include an interior region 144 that extends through main
body 114 into communication with space 118. Second arm 48 attaches to second
clevis 98 such that interior region 142 communicates with interior region 144. Arm
assembly 32 includes a counterbalancing assembly 140 that operates to counterbalance
lighthead 32 so that lighthead 32 remains stationary after placement in a desired
position. Respective portions of counterbalancing assembly 140 are positioned to lie in
interior regions 142, 144 so as to be shielded from view by second arm 48 and second
clevis 98.

Counterbalancing assembly 140 includes a link 146, a rod 148, a spring
150, and an adjuster 152 as shown best in Fig. 2. Flanges 110 of first clevis 96 are
each formed to include an aperture 154 that is spaced apart from and vertically above
the respective main aperture 124. Link 146 includes a first end 156 formed with an
aperture 158. Counterbalancing assembly 140 further includes a pivot pin 160 that is
recetved by apertures 154 of flanges 110 and aperture 158 formed in first end 156 of
link 146. Thus, ptvot pin 160 couples link 146 to first clevis 96 for pivoting movement
about a link ptvot axis 162 defined by pivot pin 160. Each flange 110 of first clevis 96
includes an inner face 164 and link 146 includes a pair of vertical faces 166. First end
156 of link 146 1s positioned to lie between inner faces 164 of flanges 110 such that a
portion of each vertical face 166 faces toward a respective inner face 164 of the
associated flange 110.

Link 146 extends out of space 112 and away from first clevis 96 into
interior region 144 of main body 114 of second clevis 98 as shown, for example, in
Figs. 3 and 4. Rod 148 includes a first end face 168 formed with a slot 170 therein as
shown in Fig. 2. Rod 148 is formed to include a pair of apertures 172 adjacent to first
end face 168. Each aperture 172 communicates with slot 170. Link 146 includes a
second end 174 formed with an aperture 176. Second end 174 of link 146 is
positioned to lie in slot 170 formed in rod 148 and counterbalancing assembly 140
includes a pivot pin 178 received in apertures 172 or rod 148 and aperture 176 of link
146 to pivotably couple link 146 to rod 148.
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Rod 148 extends from link 146 through interior region 144 of main
body 114 of second clevis 98 into interior region 142 of second arm 48 as shown in
Figs. 3 and 4. Thus, one portion of rod 148 extends within interior region 144 of
second clevis 98 and another portion of rod 148 extends within interior region 142 of
second arm 48. Second clevis 98 includes an annular shoulder 180 having a journal
aperture 182 formed therethrough as also shown in Figs. 3 and 4. Journal aperture
182 1s sized so that a minimal amount of clearance exists between shoulder 180 and
rod 148.

As second arm 48 and second clevis 98 pivot about main axis 54, link
146 pivots about link pivot axis 162 relative to first clevis 96 and pivots about pivot
pin 178 relative to rod 148. Pivoting movement of link 146 causes rod 148 to move
within journal aperture 182 relative to shoulder 180. Annular shoulder 180 1s
configured so that rod 148 1s supported relative to second arm 48 in substantially
coaxial relation therewith and so that a longitudinal axis 183 of rod 148 extends
through main pivot axis 54 in perpendicular relation therewith. In alternative
embodiments, a separate bushing (not shown) may be mounted in journal aperture 182
of shoulder 180 to support rod 148 and to guide movement of rod 148 relative to
shoulder 180.

Rod 148 includes a second end face 184 that faces away from second
clevis 98 as shown 1n Fig. 2. In addition, rod 148 is formed with a thread or threads
186 adjacent to second end face 184. Adjuster 152 includes a spring-engaging portion
188 and a rod-engaging portion 190 appended to spring-engaging portion 188 and
extending axially therefrom toward first and second clevises 96, 98. Spring-engaging
portion 188 of adjuster 152 includes a spring-engaging surface 192, shown in Figs. 3-
5, that faces toward first and second clevises 96, 98 and an end surface 194, shown in
Figs. 2-5, that faces away from first and second clevises 96, 98. In addition, rod-
engaging portion 190 includes an end surface 196 that faces toward first and second
clevis 96, 98 as shown 1n Figs. 3-5. Adjuster 152 includes a threaded bore 198
extending therethrough between end surfaces 194, 196. Adjuster 152 is threadedly
coupled to rod 148 so that threads 186 of rod 148 engage threaded bore 198 of
adjuster 152.
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In preferred embodiments, spring 150 is a coil spring defining an
interior region 200 and rod 148 extends through interior region 200 of spring 150. In
addition, rod-engaging portion 190 of adjuster 152 is received in interior region 200 of
spring 150 as shown in Figs. 3-5. Shoulder 180 includes a spring-engaging surface
210 as shown 1n Figs. 3 and 4. Spring 150 i1s compressed between spring-engaging
surface 192 of adjuster 152 and spring-engaging surface 210 of shoulder 180. Thus,
spring 150 acts between shoulder 180 and adjuster 152 to exert a force on rod 148 and
link 146 to counterbalance lighthead 36. In addition, adjuster 152 is rotatable relative
to rod 148 to change the amount by which spring 152 1s compressed between spring-
engaging surfaces 192, 210 thereby to change the amount of force exerted by spring
150 on rod 148 and link 146. In alternative embodiments, arm mechanism 32 may
include a tubular liner (not shown) that extends between shoulder 180 and adjuster 152
and that surrounds spring 150 to take up some of the circumferential clearance
between spring 150 and second arm 48 to facilitate the coaxial positioning of spﬁng
150 relative to second arm 48.

Each of spring-engaging portion 188 and rod-engaging portion 190 of
adjuster 152 are somewhat cylindrical in shape and adjuster 152 1s configured such that
a minimal amount of clearance exists between spring-engaging portion 188 and second
arm 48. Spring-engaging portion 188 of adjuster 152 is formed to include a plurality
of radially extending holes 212 and second arm 48 is formed to include a window 214,
shown, for example, in Fig. 2, which allows access to adjuster 152. Arm assembly 32
includes a cover plate 216 that attaches to second arm 48 to cover window 214. When
cover plate 216 1s detached from second arm 48, an adjustment tool (not shown), such
as a straight rod, is inserted though window 214 and into one of holes 212. The
adjustment tool 1s then moved within window 214 to apply a torque to adjuster 152 to
rotate adjuster 152 relative to rod 148. Whether adjuster 152 advances on threads 186
of rod 148 toward first and second clevis 96, 98 or away from first and second clevises
96, 98 1s dependent upon the direction that the adjustment tool is moved within
window 214.

In preferred embodiments, window 214 is bounded by a pair of spaced
apart, axially extending edges 218 and a pair of spaced apart, circumferentially
extending edges 220 as shown besf in Fig. 2. The spacing between edges 218 limits
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the amount by which adjuster 152 may be rotated relative to rod 148 during any one
stroke of the adjustment tool between edges 218. In addition, the spacing between
edges 220, which 1s indicated by reference numeral 222 in Figs. 3 and 4, limits the
amount by which adjuster 152 1s movable toward and away from first and second

5 clevises 96, 98.

It will be understood that, although edges 220 are spaced apart by
distance 222, adjuster 152 1s movable relative to rod 148 between first and second
axial positions (not shown) that are spaced apart by an amount that exceeds distance
222. Thus 1s due to the fact that, as second clevis 98 and second arm 48 pivot about

10 main pivot axis 54, rod 148 and adjuster 152 are moved relative to second arm 148 by
link 146 such that the distance between holes 212 and each of edges 220 varnies. For
example, an arbitrary position of adjuster 152 relative to rod 148 is shown in Figs. 3
and 4. When second arm 48 is in a horizontal orientation, as shown 1n Fig. 3, holes
212 are spaced apart from the edge 220 closest to first and second clevises 96, 98 by a

15  distance 224. As second clevis 98 and second arm 48 rotate about main pivot axis 54
in the direction of double arrow 226, shown in Fig. 4, rod 148 is pulled by link 146
through journal aperture 182 such that spring 150 is further compressed between
spring-engaging surfaces 192, 210 and such that the distance between holes 212 and
the edge 220 closest to first and second clevises 96, 98 decreases. Thus, when second

20  clevis 98 and second arm 48 are in the position shown 1n Fig. 4, holes 212 are spaced
from the edge 220 closest to first and second clevises 96, 98 by a distance 228 which 1s
smaller than distance 224.

When second clevis 98 and second arm 48 are held in the position
shown 1n Fig. 4, the adjustment tool may be used to rotate adjuster 152 relative to rod

25 148 such that holes 212 move away from the edge 220 closest to first and second
clevises 96, 98 and toward the edge 220 furthest from first and second clevises 96, 98.
After adjuster 152 1s adjusted relative to rod 148 1n this manner and after second clevis
98 and second arm 48 are moved upwardly, for example, to a horizontal position, as
shown in Fig. 5, holes 212 are no longer accessible through window 214. Of course,

30  holes 212 become accessible through window 214 when second arm 48 1s pivoted

downwardly from the horizontal position of Fig. 5 back to the position of Fig. 4.
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It will be understood that adjuster 152 may be moved to a position on
rod 148 such that holes 212 are accessible through window 214 when second arm 48 is
in the horizontal position, shown in Fig. 3, and such that holes 212 are inaccessible
through window 214 when second arm 48 is moved downwardly, for example, to the

5  position shown 1n Fig. 4. Thus, by articulating second arm 48 and second clevis 98
relative to first arm 46 and first clevis 96 and by using the adjustment tool to make
appropriate adjustments of adjuster 152 relative to rod 148 when holes 212 are
accessible through window 212, adjuster 152 1s movable axially on rod 148 by an
amount that exceeds distance 222.

10 Movement of adjuster 152 relative to rod 148 alters the amount by
which spring 150 1s compressed between spring-engaging surface 192 of adjuster 152
and spring-engaging surface 210 of shoulder 180. In use, adjuster 152 1s moved to a
position relative to rod 148 such that surgical lighthead 36, yoke 50, second arm 48,
second clevis 98, counterbalancing assembly 140, and other assoctated components of
15 surgical light apparatus 30 are counterbalanced to remain stationary when placed in
any desired position within a range of positions. Counterbalancing assembly 140 is
configured so that second end face 184 of rod 148 is positioned to lie inside threaded
bore 198 of adjuster 152 between end surfaces 194, 196.
By configuring adjuster 152 such that second end face 184 of rod 148 1s
20  never in a position between end face 194 of adjuster 152 and yoke 50, second arm 48
has a length that allows yoke 50 and lighthead 34 to be closer to main pivot axis 54
than would otherwise be possible if rod 148 were able to extend from adjuster 152
such that second end face 184 of rod 148 were positioned to lie between adjuster 152
and yoke 50. Having yoke 50 and lighthead 36 closer to main pivot axis 54 reduces
25  the moment created by yoke 50 and lighthead 36 about main pivot axis 54 which
means that counterbalancing assembly 140 is able to counterbalance yoke 50 and
lighthead 36 with a smaller, and therefore less expensive, spring than would be the case
if yoke 54 and lighthead 36 were further from main pivot axis 54.
In preferred embodiments, spring 150 is made of chrome silicon ASTM
30  A401 material and has a spring rate of approximately three-hundred-fifty pounds per
inch (18100 mm Hg). In addition, the ends of spring 150 are ground so as to abut

respective spring-engaging surfaces 192, 210 flushly. In preferred embodiments, link
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146 and adjuster 152 are both made of 4140 steel material, rod 148 is made of 4130
steel matenal, and inner and outer clevises 96, 98 are each cast from aluminum. Of
course, 1t 1s within the scope of the invention as presently perceived for these elements
to be fabricated from other materials of suitable strength.

Arm mechanism 32 is configured such that, in one preferred
embodiment, second clevis 98 and second arm 48 are pivotable about main pivot axis
54 between first and second positions through a range of motion that exceeds one-
hundred-eighty degrees. Main body 100 of first clevis 96 1s formed to include a first
stop surface 230 and a second stop surface 232 as shown in Fig. 6. In addition, main
body 114 of second clevis 98 is formed to include a third stop surface 234 and a fourth
stop surface 236 as also shown in Fig. 6. When second clevis 98 and second arm 48
are 1n the first position, third stop surface 234 engages first stop surface 230 and when
second clevis 98 and second arm 48 are in the second position, fourth stop surface 236
engages second stop surface 232.

Engagement between stop surfaces 230, 234 prevents clevis 98 and
second arm 48 from pivoting upwardly past the first position in the direction of arrow
238 and engagement between stop surfaces 232, 236 prevents clevis 98 and second
arm 48 from pivoting upwardly past the second position 1n the direction of arrow 240.
When second clevis 98 and second arm 48 are in the first position, second arm 48
extends at an angle of approximately fifteen degrees above horizontal on one side of
first clevis 96 and when second clevis 98 and second arm 48 are 1n the second position,
second arm 48 extends at an angle 242 of approximately fifteen degrees above
horizontal on another side of first clevis 96 as shown in Fig. 6. Thus, in preferred
embodiments, second clevis 98 and second arm 48 are pivotable about main pivot axis
54 relative to first clevis 96 and first arm 46 through a range of motion of
approximately two-hundred-ten degrees.

As second clevis 98 and second arm 48 move between the first and
second positions, link 146 moves through gap 130 between pivot pins 128. When
second clevis 98 and second arm 48 are aligned vertically with first clevis 96 and first
arm 46, link 146 1s positioned to lie in gap 130 between pivot pins 128. By having
pivot pin 160 and the associated link pivot axis 162 vertically above pivot pins 128 and

the associated main pivot axis 54, longitudinal axis 183 of rod 148 extends through
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both pivot axis 160 and pivot axis 54 when second clevis 98 and second arm 48 are in
a vertical position aligned with first clevis 96 and first arm 46. In addition, by having
ptvot pin 160 and the associated link pivot axis 162 vertically above pivot pins 128 and
the associated main pivot axis 54, spring 150 of counterbalancing assembly 140 exerts
a substantially equivalent amount of force on rod 148 and link 146 when second clevis
98 and second arm 48 are moved from the vertical position by similar amounts either in
direction 238 toward the first position or in direction 240 toward the second position.

In preferred embodiments, counterbalancing assembly 140 operates to
counterbalance surgical lighthead 36 and other components of surgical light apparatus
30 associated with surgical lighthead 36 when second arm 48 and second clevis 98 are
at any position between the first and second positions. In addition, in preferred
embodiments, longitudinal axis 183 of rod 148 and axis 58, about which lighthead 36
pivots relative to yoke 50, intersect at the center of gravity (not shown) of surgical
lighthead 36. By having axis 183 intersecting with axis 58 at the center of gravity of
lighthead 36, the moment created by lighthead 36 and yoke 50 about main pivot axis
54, when second arm 48 and second clevis 98 are stationary in any particular position
between the first and second positions, 1s substantially constant independent of the
position of yoke 50 relative to second arm 48 and independent of the position of
lighthead 36 relative to yoke 50. If the center of gravity of highthead 36 is offset from
either of axes 58, 183 by a slight amount, friction that is inherently present between
moving components of arm assembly 32 assists counterbalancing assembly 140 to
compensate for this offset so that lighthead 36 and other components of surgical light
apparatus 30 associated with lighthead 36 still remain counterbalanced.

While arm assembly 32 can support any object of interest having a
weight within limits dictated by counterbalancing assembly 140, it is anticipated that
most users of arm assembly 32 will use arm assembly 32 to support a surgical
lighthead. Thus, the meaning of the word “surgical lighthead” or “lighthead” as used
in this specification and in the claims should be taken to include any object that is
carried by arm assembly 32 either with or without yoke 50.

Arm assembly 32 includes a clevis cover or space filler 244 as shown in
Figs. 2 and 7-9. Space filler 244 includes a circular thin wall portion 246 and an
arcuate rim 248 appended to the outer periphery of thin wall portion 246. Thin wall
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portion 246 1s formed to include a central aperture 250 and an arcuate slot 252. Rim
248 and slot 252 are substantially concentric with central aperture 250 and slot 252 is
positioned to lie between aperture 250 and rim 248 as shown best in Fig. 9. Rim 248
includes an outer circumferential edge 254 and an inner circumferential edge 256. In
addition, rim 248 includes an arcuate surface 258 that extends between circumferential
edges 254, 256 and that is spaced apart from and parallel with thin wall portion 246.
Rim 248 further includes a pair of end edges 260 defining a link-receiving gap 262
therebetween as shown in Figs. 2 and 9.

Space filler 244 1s positioned to lie in space 112 between flanges 110 of
first clevis 96 so that thin wall portion 246 is adjacent to inner face 164 of one of
flanges 110 with a minimal amount of clearance therebetween and so that arcuate
surtace 258 of rim 248 is adjacent to the inner face 164 of the other of flanges 110
with a minimal amount of clearance therebetween as shown in Fig. 8. In addition,
threaded portion 129 of one of pivot pins 128 is received in central aperture 250 of
thin wall portion 248 so that space filler 244 is supported for pivoting movement about
main pivot axis 54 relative to the flanges 110 of first clevis 96.

Each of flanges 110 of first clevis 96 includes an outer circumferential
edge 264 and each of flanges 116 of second clevis 98 includes an outer circumferential
edge 266 as shown, for example, in Fig. 7. Circumferential edge 254 of rim 248 and
circumferential edges 264, 266 of first and second clevises 96, 98 have substantially
equivalent diameters. Thus, edge 254 of space filler 244 substantially spans space 112
between flanges 110 of first clevis 96 and edges 264 of flanges 110 cooperate with
edge 254 of space filler 244 to substantially span space 118 between flanges 116 of
second clevis 98. By configuring arm assembly 32 such that space 112 is spanned by
rim 248 of space filler 244 and such that space 118 is spanned by rim 248 of space
filler 244 and flanges 110 of first clevis 96, contamination is blocked from reaching
space 112 and space 118.

Pin 160, which pivotably couples link 146 to flanges 110 of first clevis
96 as previously described, extends through arcuate slot 252 formed in thin wall
portion 246 of space filler 244. Thin wall portion 246 is positioned to lie between link
146 and inner face 164 of one of flanges 110 as shown in Fig. 8, and rim 248

substantially surrounds first end 156 of link 146 as shown in Fig. 6. Link 146 extends
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from pin 160 through link-receiving gap 262 of rim 248 and into interior region 144 of
main body 114 of second clevis 98. Link 146 includes a flat edge 268 and a curved
edge 270, each of which extend between first and second ends 156, 174 of link 146.
Edge 270 1s curved primarily to provide more room in space 112 between flanges 110
and nterior region 144 of second clevis 98 for electrical wires (not shown) that are
routed through arm mechanism 32 and yoke 50 to lighthead 36.

As second clevis 98 and second arm 48 pivot in directions 238, 240
between the first and second positions, one of edges 268, 270 engages a respective one
of edges 260 of rim 248 to cause space filler 244 to pivot about main pivot axis 54
relative to flanges 110 of first clevis 96. Space filler 244 is configured so that link-
recerving space 262 remains aligned with interior region 144 of second clevis 98 during
movement of second clevis 98 and second arm 48 between the first and second
positions. When the direction of pivoting movement of second clevis 98 and second
arm 48 1s reversed, link 146 separates away from one of edges 260 of rim 248 and
moves toward the other of edges 260 of rim 248 and space filler 244 remains
stationary relative to first clevis 96 until link 146 comes into contact with the other of
edges 260 at which point space filler 244 pivots with second clevis 98 and second arm
48 relative to first clevis 96. However, because engagement between link 146 and
space filler 244 causes space filler 244 to pivot about main pivot axis 54 during
pivoting movement of second clevis 98 and second arm 48, space filler 244 pivots
about main pivot axis 54 at a different rate than second clevis 98 and second arm 48.

An alternative embodiment arm mechanism 332 which is similar to arm
mechanism 32 1s shown in Figs. 10 and 11. Many of the components of arm
mechanism 332 are substantially similar to corresponding components of arm
mechanism 32 and, therefore, are indicated with like reference numerals. For example,
arm mechanism 332 includes a counterbalancing assembly 140 having a link 146, a rod
148, and a spring 150. Arm mechanism 332 includes a first clevis 336 having a main
body 338 and a pair of flanges 340 extending from main body 338. Main body 338 of
first clevis 336 1s attached or otherwise appended to first arm 46 as shown in Fig. 10.
Arm mechanism 332 includes a second clevis 342 having a main body 344 and a pair of

flanges 346 extending therefrom. Second clevis 342 is pivotably coupled to first clevis

~ mwumwmmwwwmb-wJ‘M*st*wu!mm-wmmme”m~.mh....... P O, .



10

15

20

25

30

WO 99/50598

CA 02311563 2000-05-25

_17-

336 by a pair of pivot pins 128 in substantially the same manner that second clevis 98
1s pivotably coupled to first clevis 96.

The main difference between arm mechanism 32 and arm mechanism
332 1s that arm mechanism 32 is configured so that second clevis 98 and second arm
48 are able to pivot through a range of motion that exceeds one-hundred-eighty
degrees as previously described, whereas arm mechanism 332 is configured so that
second clevis 342 and the associated second arm (not shown) are able to pivot through
a range of motion of approximately one-hundred-five degrees, as shown in Fig. 10.
First clevis 336 includes a stop member 350 that is attached or otherwise adhered to
main body 338 thereof as shown in Fig. 10. Stop member 350 includes a stop surface
352 and second clevis 342 includes a stop surface 354 that engages stop surface 352
when second clevis 342 and the associated second arm are in a raised or first position
as also shown in Fig. 10 (in solid).

First clevis 336 includes an amount of bridging material 360 that is
appended to a portion of the outer periphery of each of flanges 340 of first clevis 336
as shown in Fig. 10, and that spans the space between flanges 340 of first clevis 336 as
shown in Fig. 11. Bridging material 360 includes a stop surface 362 at the lower end
thereof as shown in Figs. 10 and 11. Second clevis 342 includes a stop surface 364
that engages stop surface 362 when second clevis 342 and the associated second arm
are 1n a second, substantially vertical or lowered position as shown in Fig. 10 (in
phantom). When second clevis 342 is moved from the first position to the second
position in the direction of phantom arrow 370, shown in Fig. 10, link 146 moves into
a gap defined between pivot pins 128. '

Second clevis 342 1s formed to include an arcuate filler arm 380 that
extends from main body 344 into the space defined between flanges 340 of first clevis
336 as shown best in Fig. 10. Filler arm 380 spans the space between flanges 340
thereby to block contamination from reaching the space between flanges 340 and the
interior regions of first and second clevises 336, 342. Filler arm 380 includes a distal
end surface 382 that is positioned to lie adjacent to stop surface 362 of bridging
material 360 when second clevis 342 and the second arm associated therewith are in

the first position as shown in Fig. 10 (in solid). Filler arm 380 includes an arcuate

outer surface 384 and bridging material 360 includes an arcuate inner surface 386.
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Outer surface 384 of filler arm 380 confronts inner surface 386 of bridging material
360 with a minimal amount of clearance therebetWeen when second clevis 342 and the
associated second arm are in the second position as shown in Fig. 10 (in phantom).
Although the invention has been described in detail with reference to
certain preferred embodiments, variations and modifications exist within the scope and

spirit of the invention as described and defined in the following claims.
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1. An arm assembly for supporting a surgical lighthead of a

surgical light apparatus, the arm assembly comprising
5 a first arm,

a first clevis appended to the first arm and having a pair of separated
first flanges, the first clevis including a first stop surface and a second stop surface,

a second arm formed to include an interior region, the surgical lighthead
being supported by the second arm,

10 a second clevis appended to the second arm and having a pair of
separated second flanges, the second clevis including a third stop surface and a fourth
stop surtace,

a pair of pivot pins pivotably coupling each of the pair of second flanges
to a respective one of the first flanges so that the second arm and second clevis are

15  ptvotable about a main pivot axis relative to the first arm and first clevis, the pivot pins
being spaced apart to define a gap therebetween,

a rod extending within the interior region of the second arm,

a link coupled to the rod and pivotably coupled to the first clevis for
pivoting movement about a link pivot axis that is spaced apart from the main pivot

20  axis,

a spring extending within the interior region of the second arm, the
spring exerting a force on the rod and the link to counterbalance the surgical lighthead,
and

wherein the second arm and second clevis are pivotable about the main

25  pivot axis relative to the first arm and first clevis between a first position in which the
third stop surface engages the first stop surface to limit pivoting movement of the
second clevis and second arm 1n a first direction and a second position in which the
fourth stop surface engages the second stop surface to limit pivoting movement of the
second clevis and second arm 1n a second direction, the link moving into the gap

30  between the pair of pivot pins during movement of the second arm and second clevis

between the first position and the second position.
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2. The arm assembly of claim 1, wherein the first clevis includes a
first main body to which the first flanges are appended, the second clevis includes a
second main body to which the second flanges are appended, the first main body
provides the first and second stop surfaces, and the second main body provides the
third and fourth stop surfaces.

3. The arm assembly of claim 2, wherein the first, second, third,
and fourth stop surfaces are configured so that the second clevis and the second arm
ptvot through an angle of at least one-hundred-eighty degrees about the main pivot
axis relative to the first arm and the first clevis during movement of the second arm and
the second clevis between the first and second positions.

4. The arm assembly of claim 3, wherein the link is outside the gap
between the pair of pivot pins when the second arm and second clevis are in the first
position, the link is outside the gap between the pair of pivot pins when the second arm
and second clevis are in the second position, and the link is positioned to lie in the gap
when the second arm and second clevis are half way between the first and second
positions.

5. The arm assembly of claim 1, wherein the link pivot axis is
vertically above the main pivot axis.

6. The arm assembly of claim 6, wherein the first arm, the second
arm, the link, and the rod are vertically aligned with one another when the second arm
and second clevis are in the second position.

7. The arm assembly of claim 1, wherein the first clevis includes a
first main body to which the first flanges are appended, the second clevis includes a
second main body to which the second flanges are appended, the first main body
provides the first stop surface, the second main body provides the third stop surface,
one of the first flanges 1s formed to include the second stop surface, and one of the
second flanges 1s formed to include the fourth stop surface.

8. The arm assembly of claim 7, wherein the first and third stop
surfaces are configured so that the second arm and the first arm define an acute
included angle therebetween when the second arm and second clevis are in the first

position and the second and fourth stop surfaces are configured so that the second arm
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and first arm define an angle of about one-hundred-eighty degrees therebetween when
the second arm and second clevis are in the second position.

9 The arm assembly of claim 8, wherein the link is outside the gap
between the pair of pivot pins when the second arm and second clevis are in the first
position and the link is positioned to lie in the gap between the pair of pivot pins when
the second arm and second clevis are in the second position.

10.  The arm assembly of claim 8, wherein the first arm, the second
arm, the link, and the rod are vertically aligned with one another when the second arm
and second clevis are 1n the second position.

11.  An arm assembly for supporting a surgical lighthead of a
surgical light apparatus, the arm assembly comprising

a first arm,

a first clevis appended to the first arm and having a pair of separated
first flanges,

a second arm formed to include an interior region, the surgical lighthead
being supported by the second arm,

a second clevis appended to the second arm and having a pair of
separated second flanges, the second flanges being pivotably coupled to respective first
flanges so that the second arm and second clevis are pivotable about a main pivot axis
relative to the first arm and first clevis,

a rod extending within the interior region of the second arm and having
spaced apart first and second end surfaces,

a link prvotably coupled to the rod adjacent to the first end surface, the
link having a portion pivotably coupled to the first clevis for pivoting movement about
a link pivot axis that is spaced apart from the main pivot axis,

a spring extending within the interior region of the second arm, and

an adjuster threadedly coupled to the rod, the adjuster including a rod-
engaging portion and a spring-engaging portion, the rod-engaging portion having a
first end face facing toward the second clevis, the spring-engaging portion having a
second end face facing away from the second clevis, the spring being compressed
between the spring-engaging portion and the second clevis so as to exert a force on the

rod and the link to counterbalance the surgical lighthead, the adjuster being movable
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relative to the rod between first and second positions to adjust compression of the
spring, and the second end surface or the rod being positioned to lie between the first
and second end faces when the adjuster is in any position between the first and second
positions.

12. The arm assembly of claim 11, wherein the rod-engaging
portion of the adjuster is somewhat cylindrical and the spring-engaging portion extends
radially outwardly from the rod-engaging portion.

13.  The arm assembly of claim 11, wherein the spring is a coil
spring having an interior region, the rod extends within the interior region of the coil
spring, and the rod-engaging portion of the adjuster is positioned to lie within the
interior region of the coil spring.

14.  The arm assembly of claim 11, wherein the rod-engaging
portion of the adjuster includes a first cylindrical outer surface having a first diameter
and the spring-engaging portion of the adjuster includes a second cylindrical outer
surface having a second diameter that is larger than the first diameter.

15.  The arm assembly of claim 14, wherein the second outer surface
1s formed to include a plurality of radially extending holes and the second arm is

formed to include a window through which the holes are accessed with an adjustment

tool to adjust the position of the adjuster relative to the rod between the first and

second positions.

16.  An arm assembly for supporting a surgical lighthead of a
surgical light apparatus, the arm assembly comprising

a first arm,

a first clevis appended to the first arm and having a pair of first flanges
that are separated to define a first space therebetween,

a second arm formed to include an interior region,

a structure coupling the surgical lighthead to the second arm,

a second clevis appended to the second arm and having a pair of second
flanges that are separated to define a second space therebetween, at least a portion of
the pair of first flanges being positioned to lie in the second space such that each first

flange 1s adjacent to a respective one of the second flanges, the second flanges being
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pivotably coupled to respective first flanges so that the second arm and second clevis
are prvotable about a main pivot axis relative to the first arm and first clevis,

a rod extending within the interior region of the second arm,

a link coupled to the rod and having a portion positioned to lie in the
first space and pivotably coupled to the first clevis for pivoting movement about a link
pivot axis that is spaced apart from the main pivot axis,

a spring extending within the interior region of the second arm, the
spring exerting a force on the rod and the link to counterbalance the surgical lighthead,
and

a space filler positioned to lie in the first space, each first flange having
a first edge, each second flange having a second edge, and the space filler having a
third edge, the third edge substantially spanning the first space between the first
flanges, and the third edge cooperating with the first edge to substantially span the
second space between the second flanges.

17. The arm assembly of claim 16, wherein the first, second, and
third edges are substantially concentric with the main pivot axis and have substantially
equivalent diameters.

18.  The arm assembly of claim 16, wherein the space filler includes
a im providing the third edge, the space filler includes a thin wall appended to the rim,
the link includes a first vertical surface facing toward the thin wall, and the link
includes a second vertical surface facing away from the thin wall.

19.  The arm assembly of claim 18, wherein the thin wall is formed
to include an arcuate slot and further comprising a link pin pivotably coupling the link
to at least one of the first flanges, the link pin being received in the arcuate slot.

20.  The arm assembly of claim 18, wherein the thin wall is formed
to include a central aperture and one of the pair of pivot pins is received by the central
aperture so that the space filler is supported for pivoting movement about the main
pivot axis relative to the first flanges.

21.  The arm assembly of claim 16, wherein the third edge is formed

to include a link-receiving gap and the link extends through the link-receiving gap.
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