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Abstract
A support arm for supporting a surgical device in an operating
room. The support arm is comprised of an elongated, tubular extrusion
having an inverted, generally tear-drop shaped outer surface that has an
airfoil shape. The airfoil shape is symmetrical about an axis extending

from a leading end of the airfoil to a trailing end of the airfoil shape.
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AERODYNAMICALLY SHAPED SURGICAL LIGHTING SUSPENSION

Field of the Invention

[0001] The present invention relates to surgical lighting systems, and more particularly to

an aerodynamically shaped surgical lighting system.

Background of the Invention

[0002] With the advent of laminar air flow systems in modern operating rooms (ORs), a
need has arisen to keep. air flow turbulence in an operating room to a minimum to reduce the
threat of illnesses due to airborne contaminants. A surgical light head, typically found in
operating rooms over a surgical table, is a large contributor to air flow turbulence. In this respect,
lighting suspension components, such as support arms and booms, contribute to air flow
turbulence. Most currently available surgical lighting suspension systems have horizontal
extension arms that have circular (including cylindrical), rectangular, or a combination of round
and rectangular features.

[0003] The present invention provides a surgical lighting system with components

shaped to reduce air flow turbulence in operating rooms (ORs) with laminar air flow systems.

Summary of the Invention

[0004] In accordance with the present invention, there is provided a surgical lighting
system having aerodynamically shaped components to reduce turbulence within operating rooms
having laminar air flow systems.

[0005] In accordance with another aspect of the present invention, there is provided a
support arm for supporting a surgical light head, comprised of an elongated, tubular extrusion
having an inverted, generally tear-drop shaped outer surface that is symmetrical about a vertical
axis. The outer surface is comprised of an arcuate top surface section having a surface radius Rr,
an arcuate bottom surface section having a surface radius Rg, and opposing side surface sections.
Each side surface section defines a section of an airfoil. The radius Rg of the bottom surface
section is less than half the radius R of the top surface section, and the ends of the bottom
surface sections intersect the ends of the side surface sections tangent to the ends of the side

surface sections to form a continuous smooth profile.
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[0006] In yet another aspect of the present invention, there is provided a support arm for
supporting a surgical device in an operating room. The support arm is comprised of an elongated,
tubular extrusion having an inverted, generally tear-drop shaped outer surface that has an airfoil
shape. The airfoil shape is symmetrical about an axis extending from a leading end of the airfoil
to a trailing end of the airfoil shape. The trailing edge of the airfoil shape has a round contour.
[0007] An advantage of the present invention is a surgical lighting system having a lower
coefficient of drag in operating rooms equipped with laminar air flow systems.

[0008] Another advantage of the present invention is a surgical lighting system with
reduced air flow turbulence in an operating room equipped with laminar air flow systems.

[0009] A still further advantage of the present invention is a surgical lighting system that
reduces the threat of airborne illness in operating rooms equipped with laminar air flow systems
by reducing turbulence of air flow around the lighting systems.

[0010] A still further advantage of the present invention is a surgical lighting system
having components designed with aerodynamic shapes to reduce drag and turbulence in

operating rooms equipped with laminar airflow system.

Brief Description of the Drawings

[0011] The invention may take physical form in certain parts and in arrangement of parts,
a preferred embodiment of which will be described in detail in the specification and illustrated in
the accompanying drawings, which form a part thereof, and wherein:

[0012]  FIG. 1 is a view of surgical light system;

[0013] FIG. 2 is a sectional view taken along lines 2-2 of FIG. 1, showing the shape of a
support arm;

[0014] FIG. 3 is an enlarged view of a joint assembly shown in FIG. 1;

[0015] FIG. 4 is a cross sectional view of an alternate embodiment of a support arm; and
[0016] FIG. 5 is a table showing comparative drag coefficient for different cross-sectional

shapes.

Detailed Description of the Invention

[0017] Referring now to the drawings wherein the showing is for the purpose of illustrating

preferred embodiments of the invention only and not for the purpose of limiting same, FIG. 1
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shows a support arm assembly 10 for supporting a surgical light fixture 20 in a surgical suite.
Although light fixture 20 is shown, support arm assembly 10 may be used to support a monitor
or a video camera or some other medical device (not shown).

[0018] Support arm assembly 10 is mounted by a central support 12 to a support member
such a ceiling 14 or a wall mounted plate (not shown). Support arm assembly 10 is provided to
allow light fixture 20 to be positioned for achieving a desired level of illumination on a subject
below. In this respect, support arm assembly 10 and surgical light 20 are typically positioned
above a surgical table (not shown). Support arm assembly 10 is articulated to allow equipment,
such as the light fixture, to be positioned relative to the surgical table.

[0019] FIG. 1 shows support arm assembly 10 mounted beneath a laminar air flow system 30
mounted within ceiling 14. Laminar air flow systems 30 are conventionally known and are
provided for directing clean, filtered air downward over the surgical site, i.e., the surgical table.
In the drawings, the components forming laminar air flow system 30 are not shown. Only vents
32 in ceiling 14 are illustrated with direction of air flow downward towards a surgical cite
illustrated by downward directed arrows.

[0020] In the embodiment shown, support arm assembly 10 includes a proximal arm section
42 and a distal arm section 52. As illustrated in FIG. 1, proximal arm section 42 is positioned
within the path of the air flow from laminar air flow system 30.

[0021] In the embodiment shown, support arm assembly 10 has two joints designated 44, 54.
First joint 44 allows rotational movement of proximal arm section 42 about a vertical axis A
extending through central support 12. Second joint 54 allows rotational movement of distal arm
section 52 about an axis B relative to proximal arm section 42. Both joint assemblies 44, 54 are
comprised of an outer housing 44a, 54a that covers the actual joint. As illustrated in FIG. 1, and
best seen in FIG. 3, the upper end of housing 54a is contoured to produce more a uniform
laminar flow over the joint. As partially seen in FIG. 1, the upper surface of a third joint 64a is
also contoured to produce a more laminar flow.

[0022] Referring now to FIG. 2, a cross-section of proximal arm section 42 is shown.
Proximal arm section 42 is preferably formed of an extruded material having a uniform cross
section along a length thereof. In the embodiment shown, the cross-sectional shape of proximal
arm section 42 is substantially an airfoil having an upper leading edge 42a and a lower trailing

edge 42b with respect to the direction of air flow from laminar air system 30. As used herein,
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“substantially” refers to the fact that proximal arm section 42 is not a true airfoil in the sense that
the bottom or trailing edge 42b of proximal arm section 42 is rounded, as compared to a true
airfoil where the trailing edge or bottom edge 42b would come to a point. In this respect,
although not a true, exact airfoil, rounding of trailing edge 42b has little effect with respect to
actual air flow flowing over proximal arm section 42 as compared to if proximal arm section 42
had a true airfoil shape. In other words, rounding trailing edge 42b produces little distortion in
the air flow over proximal arm section 42 as compared to a cross-sectional shape having a
pointed, trailing edge shape.

[0023] The cross section of proximal arm section 42 is symmetrical about an axis through the
cross-section from leading edge 42a to trailing edge 42b. In other words, in the embodiment
shown in FIG. 2, the right side of the cross-section is a mirror image of the cross-section. As
shown in FIG. 2, inwardly projecting areas 42¢ extend along the length of proximal arm section
42. These areas 24c provide structural strength to proximal arm section 42, as well as surface
areas at the ends of proximal arm section 42 for attachment to first joint 44 and second joint 54.
[0024] According to preferred ‘embodiment of the present invention, the cross-sectional
shape of proximal arm section 42 is based upon a standard set by the National Advisory
Committee for Aeronautics (NACA). More specifically, proximal arm section 42 is based upon a
NACA 0040 standard airfoil, which is a symmetrical airfoil with a maximum thickness of 40%
of the cord length, i.e., the length from leading edge 42a to trailing edge 42b. Proximal arm
section 42 is preferably formed of metal, and more preferably, is an aluminum extrusion.

[0025] FIG. 5 shows a Table of drag co-efficient for a number of different cross-sectional
shapes (Plate Cq4 = 1.28; Triangle Cq4 = 1.14; Cylinder Cq = 1.00; Elipse Cq = 0.50; Airfoil Cq =
0.45). As shown in the Table in FIG. 5, the drag coefficient of an airfoil is significantly less as
compared to a conventional cylindrical shape or a rectangular shape. In this respect, providing
proximal arm section 42 in the shape of an airfoil significantly reduces turbulence of the air
flowing over support arm 10 from laminar air flow system 30 and is believed to reduce
turbulence and distortion downstream of (i.e., below) proximal support arm section 42, i.e., in
the vicinity of the surgical table.

[0026] In accordance with the present invention, the distal arm section 52 has a similar

airfoil cross-section to reduce turbulent flow thereover.
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[0027] Referring now to FIG. 4, a cross-sectional shape of a boom arm 142 illustrating an
alternate embodiment of the invention is shown. In FIG. 4, a dotted line designated AF at the
upper end of the cross-section illustrates the profile of a true airfoil. In this respect, the cross-
section of boom arm 142 shown in FIG. 4, including the dotted line AF, would have an airfoil
designated by NACA 0040 Standards. FIG. 4 shows a modification to a true airfoil where an
upper leading edge 142a of boom arm 142 in the direction of air flow is modified and includes
two flat surfaces 142d for aesthetic purposes. Even with such a modified airfoil shape, the side
142e and bottom or trailing edge 142b of boom arm 142 maintains an airfoil shape. It is believed
that the shape shown in FIG. 4 would substantially reduce turbulent flow over boom arm 142.
More specifically, leading edge 142a is an arcuate surface having a surface radius Ry.. Boom arm
142 has an arcuate, bottom surface having a surface radius Rg. The ends of bottom surface Rg
intersect the ends of side surfaces 142e tangent to the ends of side surfaces 142e to form a
continuous, smooth profile. Preferably, the radius Rg of the bottom surface section is less than of
half the radius Ry of top leading surface 142a.

[0028] The cross-sectional shape of boom arm 142 is based upon a NACA 0068 airfoil,
wherein the airfoil has a width-to-cord length ratio of about 68%. More specifically, as indicated
above, leading edge 142a is modified from a true airfoil AF. In the embodiment shown, the
cross-sectional shape of boom arm 142 has an overall length from leading edge 142a to bottom
edge 142b of 85 mm and an overall maximum width of 55 mm. The radius of curvature of
leading edge 142a is approximately 64 mm, and the radius of curvature of trailing edge 142b is
10 mm. Side surfaces 142¢ have the general shape of the NACA 0068 airfoil, as set forth above.
[0029] Boom arm 142 is preferably formed of an extruded metal, and more preferably is
formed of aluminum.

[0030] Modifications and alterations of the structures shown in the drawings will become
apparent to those skilled in the art after reading the present specification. It is intended that all
such modifications and all variations being included in so far as they come within the scope of

the patent as claimed or the equivalence thereof.
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Having described the invention, the following is claimed:

1. A support arm for supporting a surgical light head, comprised of:
an elongated, tubular extrusion having an inverted, generally tear-drop shaped
cross-section, said cross-section having an outer surface that is symmetrical about a vertical axis,
said outer surface comprised of
an arcuate top surface section having a surface radius Rr,
an arcuate bottom surface section having a surface radius Rg, and
opposing side surface sections, each side surface section defining a section
of an airfoil
wherein said radius Rp of said bottom surface section is less than half said radius Rt of
said top surface section, and
wherein the ends of bottom surface section intersect the end of said side surface sections

tangent to said ends of said side surface sections to form a continuous smooth profile.

2. A support arm for supporting a surgical light head according to claim 1, wherein said

cross-section is based upon a NACA 0068 airfoil design.
3. A support arm for supporting a surgical light head according to claim 2, wherein said
cross-section has a length from a top leading edge of said top arcuate surface to a bottom edge of

said arcuate bottom surface of about 85 mm and a maximum width of about 55 mm.

4. A support arm for supporting a surgical light head according to claim 2, wherein said

radius Rt of said arcuate top surface is about 64.6 mm.

5. A support arm for supporting a surgical light head according to claim 4, wherein said

radius Rp of said arcuate bottom surface is about 10 mm.

6. A support arm for supporting a surgical light head according to claim 2, wherein a length

to with ratio of said cross-section is 68%.
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7. A support arm for supporting a surgical light head according to claim 1, wherein said
support arm is formed of aluminum. .
8. A support arm for supporting a surgical device in an operating room, said support arm
comprised of:

an elongated, tubular extrusion having an inverted, generally tear-drop shaped
outer surface that has an airfoil shape, said airfoil shape being symmetrical about an axis
extending from a leading end of said airfoil to a trailing end of said airfoil shape, said trailing

edge of said airfoil shape having a round contour. '

9. A support arm for supporting a surgical device according to claim 8, wherein said outer

surface has a shape of a NACA airfoil, wherein said airfoil is symmetrical about a central axis.

10. A support arm for supporting a surgical device according to claim 9, wherein said outer
surface has a shape of a NACA 0040 airfoil.

11. A support arm for supporting a surgical device according to claim 8, wherein said outer

surface has a maximum thickness to length of between 35% and 50%.

12. A support arm for supporting a surgical device according to claim 8, wherein said outer

surface has a maximum thickness to length of 40%.

13. A support arm for supporting a surgical device according to claim 8, wherein said support

arm is formed of aluminum.
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