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Z0OOM MECHANISM FOR A LIGHT
FIXTURE

PRIORITY CLAIM

This application claims priority to U.S. Provisional Patent
Application No. 63/009,074, filed Apr. 13, 2020, the entire
contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to zoom mechanisms for
light fixtures.

BACKGROUND

Light fixtures, and particularly light fixtures for stage,
studio, and architectural applications, may include a zoom
mechanism to allow the width of the light beam emitted by
the light fixture to be selectively widened or narrowed.
Existing zoom mechanisms typically include a light pipe
that homogenizes light from a light source, such as an
RGBW LED, and a moving Fresnel lens that provides zoom
and collimating functions. Such zoom mechanisms have
several disadvantages. For example, in a spotlight or narrow
zoom mode, such zoom mechanisms may have relatively
low optical efficiency. In addition, a light pipe is typically a
high cost component.

SUMMARY

The invention provides, in one aspect, a light fixture
including a housing, a light source, and a zoom mechanism.
The light source is supported within the housing and is
configured to emit light. The zoom mechanism is configured
to selectively vary a beam angle of the light emitted from the
light fixture and includes a lens and a movable element. The
lens is fixed relative to the light source. The movable
element is movable relative to the lens between a first
position and a second position. The lens is configured to
reflect a portion of the light emitted by the light source via
internal reflection when the movable element is in the first
position. The movable element is closer to at least a portion
of the lens when the movable element is in the second
position to at least partially frustrate the internal reflection
such that the lens is configured to reflect less of the portion
of the light emitted by the light source when the movable
element is in the second position than when the movable
element is in the first position.

The invention provides, in another aspect, a zoom mecha-
nism configured to selectively vary a beam angle of light
emitted from a light source. The zoom mechanism includes
a lens and a movable element movable relative to the lens
between a first position and a second position. The lens is
configured to reflect a portion of the light emitted by the
light source via internal reflection when the movable ele-
ment is in the first position. The lens is configured, when the
movable element is in the second position, to frustrate the
internal reflection such that less than the portion of the light
emitted by the light source is emitted by the light source via
total internal reflection.

Other features and aspects of the invention will become
apparent by consideration of the following detailed descrip-
tion and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a side view of a light fixture according to one
embodiment.
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FIG. 1B is a front view of the light fixture of FIG. 1A.

FIG. 2 is a schematic cross-sectional view of a zoom
mechanism of the light fixture of FIG. 1A, the zoom
mechanism illustrated in a narrow zoom configuration.

FIG. 3 is a schematic cross-sectional view of the zoom
mechanism of FIG. 2, illustrated in a wide zoom configu-
ration.

FIG. 4 is an enlarged view of the zoom mechanism of
FIG. 2 in the narrow zoom configuration.

FIG. 5 is an enlarged view of the zoom mechanism of
FIG. 2 in the wide zoom configuration.

FIG. 6 is a cross-sectional view of a zoom mechanism
according to another embodiment.

Before any embodiments of the invention are explained in
detail, it is to be understood that the invention is not limited
in its application to the details of construction and the
arrangement of components set forth in the following
description or illustrated in the following drawings. The
invention is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, it is
to be understood that the phraseology and terminology used
herein is for the purpose of description and should not be
regarded as limiting.

DETAILED DESCRIPTION

FIGS. 1A-B illustrate a light fixture 100 including a
housing 104 and a yoke 108 pivotally coupled to the housing
to facilitate mounting and positioning the light fixture 100 in
a desired setting, such as a theater, studio, venue, or the like.
The housing 104 encloses a light source assembly 112, such
as an LED light engine (FIG. 1B). The housing 104 may also
support a power supply, control electronics, and the like (not
shown) for providing power to and controlling operation of
the light source assembly 112.

Referring to FIG. 1B, the illustrated light source 112
assembly includes an array of LED light sources 116. Each
LED light source 116 may include one or more white LEDs,
multi-color LEDs (also referred to as multi-die or multi-chip
LEDs), or any combination of white, colored, and/or multi-
colored LEDs. Each of the LED light sources 116 is sur-
rounded by an associated optic assembly 120. Each optic
assembly 120 is configured to collimate and, in some
embodiment, color-mix the light emitted by the associated
LED light source 116 to provide a homogenous output. In
some embodiments, the light fixture 100 may include one or
more lenses, diffusers, filters, or other optical components
coupled to a light output end 124 of the housing 104.

FIGS. 2-5 illustrate an embodiment of one of the optic
assemblies 120. The illustrated optic assembly 120 includes
a lens 12 having a central projecting portion 14 and an outer
surround 26 (FIG. 2). The lens 12 is fixed relative to the LED
light source 116, such that the LED light source 116 is
operable to emit light into the lens 12. In the illustrated
embodiment, the outer surround 26 is curved, and in some
embodiments, the outer surround 26 may have a hemispheri-
cal or a generally parabolic shape. The projecting portion 14
includes a generally cone or vortex-shaped recess 16 formed
on a back side of the projecting portion 14 opposite the LED
light source 116.

When light reaches an interface between two materials
with different refractive indices (e.g., air and the material of
the central projecting portion 14 of the lens 12), substantially
all of the light will be reflected if the angle of incidence of
light at the interface is greater than a critical angle 6. The
critical angle 0. is defined as a function of the refractive
indices of the two materials. In particular, the critical angle
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0. may be calculated using the following equation, where
112 and m are the refractive indices of the two materials:

0 =sin" (/)

M

In the illustrated embodiment, an inner wall 18 of the
recess 16 defines the interface between the material of the
central projecting portion 14 and the surrounding air. The
central projecting portion 14 and the inner wall 18 are
shaped such that the angle of incidence of light emitted by
the LED light source 116 on the inner wall 18 is greater than
the critical angle 8. As such, substantially all of the light
emitted by the LED light source 116 is reflected by the
projecting portion 14 via total internal reflection and onto an
interior surface 22 of the surround 26.

The surround 26 reflects incident light to direct the light
out of the lens 12 in a generally focused, collimated beam 28
(FIG. 2), i.e., with a generally narrow beam angle 17. The
beam angle 17 is the angle at which light is distributed or
emitted from the optic assembly 120. The beam angle 17 is
defined the angle between two vectors (27, 29) opposed to
each other over a centerline 23 of the beam 28, the two
vectors (27, 29) defining a portion of the beam 28 where the
luminous intensity is at least half that of a maximum
luminous intensity of the beam 28. The luminous intensity
of the beam 28 is measured in a plane normal to the beam
centerline 23. In some embodiments, the surround 26 may
be made of an optically translucent (e.g., clear) material,
such as glass or silicone, and shaped such that the angle of
incidence of light reflected on to the surround 26 is greater
than the critical angle .. In such embodiments, the sur-
round may reflect substantially all of the incident light out of
the lens 12 by total internal reflection. In other embodi-
ments, the interior surface 22 of the surround 26 may be
coated with a reflective coating (e.g., a mirror coating) to
reflect substantially all of the incident light out of the lens
12.

Referring to FIGS. 3 and 4, the illustrated optic assembly
120 includes a movable element or plug 30 made of an
optically translucent, resilient material, such as an elastomer
material. For example, in some embodiments the elastomer
material is silicone. In some embodiments, both the lens 12
and the plug 30 may be made of silicone. In other embodi-
ments, the lens 12 and the plug 30 may be made of different
materials, including different elastomer materials. The plug
30 is insertable into the recess 16 to disrupt the air/lens
boundary at the inner wall 18 of the recess 16, thereby
frustrating total internal reflection. As illustrated in FIG. 3,
when the total internal reflection caused by the projecting
portion 14 is frustrated, light emitted by the LED light
source 116 passes through the projecting portion 14 and the
optically translucent plug 30 without being reflected. Light
emitted by the LED light source 116 is therefore allowed to
spread outwardly without being collimated by the surround
26. That is, when the plug 30 is inserted into the recess 16,
the light exits the lens 12 as a wider beam 34.

Referring to FIG. 4, in order for the plug 30 to frustrate
internal reflection, a distance 38 between an exterior surface
40 of the plug 30 and the inner wall 18 of the recess 16 must
be less than a critical distance on the order of the wavelength
of the light emitted by the LED light source 116. Because
this critical distance is extremely small (between about 400
nanometers and about 700 nanometers), the exterior surface
40 of the plug 30 and the inner wall 18 of the recess 16 can
be considered to be in contact when the distance between the
exterior surface 40 and the inner wall 18 is less than the
critical distance. That is, the term “contact,” as used herein,
means spaced by a distance less than the critical distance.
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Because the plug 30 is made of a resilient material, the plug
30 may deform when it engages the inner wall 18 of the
recess 16. This advantageously allows the plug 30 to fully
contact the inner wall 18 of the recess 16 and conform to the
shape of the inner wall 18. As such, the dimensional toler-
ance requirements for the plug 30 and the recess 16 are
reduced.

In operation, the optic assembly 120 adjusts the beam
angle 17 of the LED 116 by moving the plug 30 between at
least a first position (FIG. 4) and a second position (FIG. 5).
In the first position, the distance 38 between the exterior
surface 40 of the plug 30 and the inner wall 18 of the recess
16 is greater than the critical distance. As such, light emitted
by the LED light source 116 (generally in the direction of
arrows 42) will reflect via total internal reflection at the
air/lens interface along the inner wall 18 of the recess 16.
The reflected light encounters the surround 26, which in turn
reflects the light out of the lens 12 in a generally focused,
collimated beam 28 (FIG. 2). In some embodiments, the
beam 28 has a beam angle 17 between 0 degrees and 30
degrees. In other embodiments, the beam 28 has a beam
angle 17 between 2 degrees and 15 degrees. In yet other
embodiments, the beam 28 has a beam angle 17 between 5
degrees and 10 degrees. In the illustrated embodiment, the
beam 28 has a beam angle 17 of about 7.6 degrees.

When the plug 30 is moved to the second position (FIG.
5), the distance 38 between the exterior surface 40 of the
plug 30 and at least a portion of the inner wall 18 of the
recess 16 is less than the critical distance. In other words, the
exterior surface 40 of the plug 30 contacts at least a portion
of the inner wall 18. This frustrates the total internal
reflection, such that light emitted by the LED light source
116 may pass through the projecting portion 14 and the
optically translucent plug 30 without being reflected. Light
emitted by the LED light source 116 is thus allowed to
spread outwardly as a wider beam 34 without being colli-
mated by the surround 26 (FIG. 2). In some embodiments,
the beam 34 has a beam angle 17 between 30 and 60 degrees.
In other embodiments, the beam 34 has a beam angle 17
between 45 and 50 degrees. In a particularly preferred
embodiment, the wider beam 34 shown in FIG. 3 has a beam
angle 17 of about 47 degrees.

Thus, the optic assembly 120 acts as a zoom mechanism
capable of providing a wide zoom configuration and a
narrow zoom configuration by moving the plug 30 between
the first position and the second position. In addition, the
plug 30 need only move a small distance to change the zoom
configuration. In particular, the distance between the first
position and the second position may be any distance greater
than the critical distance. For example, in some embodi-
ments, the plug 30 may move a distance of 0.5 millimeters
or less from the first position to the second position. In other
embodiments, the plug 30 may move a distance of 1
millimeter or less from the first position to the second
position. In other embodiments, the plug 30 may move a
distance of 5 millimeters or less from the first position to the
second position.

The optic assembly 120 may include any suitable means
for moving the plug 30 relative to the lens 12. For example,
the plug 30 and the lens 12 may be coupled together by a
threaded connection. In such embodiments, rotation of one
of the plug 30 or the lens 12 relative to the other causes the
plug 30 to move between the first position and the second
position. In other embodiments, the plug 30 may by moved
by a magnetic actuator, a fluid actuator, a motor or the like.
The means for moving the plug 30 is preferably electroni-
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cally controllable, such that the optic assembly 120 can be
controlled by an electronic controller of the light fixture 100.

The wide zoom configuration of the optic assembly 120
may provide a beam angle 17 at least six times wider than
the beam angle 17 in the narrow zoom configuration in some
embodiments, or at least four times wider than the beam
angle 17 in the narrow zoom configuration in other embodi-
ments. In both configurations, the optic assembly 120 advan-
tageously maintains a high optical efficiency. For example,
in some embodiments, the optical efficiency in both the wide
zoom configuration and in the narrow zoom configuration is
greater than 70%.

In some embodiments, the optic assembly 120 may be
configured to provide more than two zoom configurations.
For example, in some embodiments, the plug 30 and the
recess 16 may be shaped to provide a contact area that
increases along the inner wall 18 of the recess 16 as a
function of pressure applied to the plug 30. In such embodi-
ments, a tip portion 46 of the plug 30 may contact the wall
18 in an intermediate position between the first position
(FIG. 4) and the second position (FIG. 5) of the plug 30. In
the intermediate position, a portion of the plug 30 radially
outward of the tip portion 46 may remain spaced from the
inner wall 18. As such, the plug 30 only partially frustrates
total internal reflection when in the intermediate position,
providing a zoom configuration between the wide zoom
configuration and the narrow zoom configuration. In some
embodiments, the plug 30 may be movable to a plurality of
intermediate positions. In yet other embodiments, the con-
tact area between the plug 30 and the inner wall 18 of the
recess 16 may be variable to provide a continuously variable
zoom function.

FIG. 6 illustrates an optic assembly 320 according to
another embodiment. The optic assembly 320 is configured
as an optic assembly that can be incorporated into the light
fixture 100 of FIGS. 1A-B in place of one or more of the
optics 120. In other embodiments, the optic assembly 120
can be incorporated into light fixtures of other types and
configurations. The optic assembly 320 is similar to the optic
assembly 120 described above with reference to FIGS. 2-5,
and the following description focuses primarily on differ-
ences between the optic assembly 320 and the optic assem-
bly 120.

Referring to FIG. 6, the illustrated optic assembly 320
includes an inner lens 204 fixed to a light source, such as one
of the LED light sources 116, and an outer lens 208
surrounding the outer periphery of the inner lens 204. The
outer lens 208 has an inner wall 212 shaped to conform to
an outer wall 216 of the inner lens 204. The outer lens 208
is movable relative to the inner lens 204 in the direction of
arrows 220 to selectively move the inner wall 212 of the
outer lens 208 into contact with the outer wall 216 of the
inner lens 204. In the illustrated embodiment, at least one of
the outer lens 208 or the inner lens 204 is made of an
optically translucent, resilient and/or elastomer material,
such as silicone, facilitating form-fitting engagement of the
inner wall 212 and the outer wall 216.

When the walls 212, 216 are in contact (i.e. when a
spacing between the walls 212, 216 is less than the critical
distance), total internal reflection within the inner lens 204
is frustrated, and the light rays emitted by the LED 116 pass
through the inner lens 204 to be reflected out of the optic
assembly 320 by the outer lens 208. The inner lens 204 and
the outer lens 208 have different curvatures, such that light
reflected by the inner lens 204 exits the optic assembly 320
at a wider beam angle 17, and light reflected by the outer
lens 208 exits the optic assembly 320 at a narrower beam
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angle 17. As such, movement of the outer lens 208 relative
to the inner lens 204 provides different zoom levels.

Although the invention has been described in detail with
reference to certain preferred embodiments, variations and
modifications exist within the scope and spirit of one or
more independent aspects of the invention as described.

Various features of the invention are set forth in the
following claims.

What is claimed is:

1. A light fixture comprising:

a housing;

a light source supported within the housing, the light

source configured to emit light; and

a zoom mechanism configured to selectively vary a beam

angle of the light emitted from the light fixture, the
zoom mechanism including:
a lens fixed relative to the light source; and
a movable element movable relative to the lens
between a first position and a second position,
wherein the lens is configured to reflect a portion of the
light emitted by the light source via internal reflection
when the movable element is in the first position, and
wherein the movable element is closer to at least a portion
of the lens when the movable element is in the second
position to disrupt a boundary between ambient air and
the lens, thereby at least partially frustrating the inter-
nal reflection such that the lens reflects less of the
portion of the light emitted by the light source when the
movable element is in the second position than when
the movable element is in the first position.

2. The light fixture of claim 1, wherein the zoom mecha-
nism selectively varies the beam angle between a first beam
angle when the movable element is in the first position and
a second beam angle when the movable element is in the
second position, and wherein the first beam angle is nar-
rower than the second beam angle.

3. The light fixture of claim 2, wherein the first beam
angle is between 2 degrees and 15 degrees, and wherein the
second beam angle is between 30 degrees and 60 degrees.

4. The light fixture of claim 3, wherein the first angle is
between 5 degrees and 10 degrees, and wherein the second
beam angle is between 45 degrees and 50 degrees.

5. The light fixture of claim 2, wherein the second beam
angle is at least four times greater than the first beam angle.

6. The light fixture of claim 5, wherein the second beam
angle is at least six times greater than the first beam angle.

7. A method for controlling a beam of light, the method
comprising:

providing the light fixture of claim 1, and

moving the movable element from the first position to the

second position.

8. The light fixture of claim 1, wherein the movable
element is deformable to increase a contact area between the
movable element and the lens when the movable element
moves from the first position toward the second position.

9. The light fixture of claim 1, wherein the lens includes
a projecting portion having a cone-shaped recess, and
wherein the movable element is at least partially positioned
within the recess when the movable element is in the second
position.

10. The light fixture of claim 1, wherein the movable
element is engageable with an outer periphery of the lens
when the movable element is in the second position.

11. A zoom mechanism configured to selectively vary a
beam angle of light emitted from a light source, the zoom
mechanism comprising:

a lens; and
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a movable element movable relative to the lens between
a first position and a second position,

wherein the lens is configured to reflect a portion of the
light emitted by the light source via internal reflection
when the movable element is in the first position, and

wherein the moveable element in the second position
disrupts a boundary between ambient air and the lens,
thereby frustrating the internal reflection such that less
than the portion of the light emitted by the light source
is emitted by the lens via total internal reflection.

12. The zoom mechanism of claim 11, wherein the
movable element is made of an optically translucent mate-
rial.

13. The zoom mechanism of claim 12, wherein the
movable element is made of a resilient material.

14. The zoom mechanism of claim 13, wherein the
movable element is made of an elastomer material.

15. The zoom mechanism of claim 11, wherein the
movable element is positioned within less than about 700
nanometers of at least a portion of the lens when the
movable element is in the second position, and wherein the
movable element is deformable to increase a contact area
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between the movable element and the lens when the mov-
able element moves from the first position toward the second
position.

16. The zoom mechanism of claim 11, wherein the lens
includes a projecting portion having a cone-shaped recess.

17. The zoom mechanism of claim 16, wherein the
movable element is at least partially positioned within the
recess when the movable element is in the second position.

18. The zoom mechanism of claim 11, wherein the
movable element surrounds an outer periphery of the lens.

19. The zoom mechanism of claim 18, wherein the
movable element is configured to contact the outer periphery
of the lens when the movable element is in the second
position.

20. The zoom mechanism of claim 11, wherein the zoom
mechanism selectively varies the beam angle between a first
beam angle when the movable element is in the first position
and a second beam angle when the movable element is in the
second position, and wherein the first beam angle is wider
than the second beam angle.
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