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(57) ABSTRACT

A lens assembly and luminaire are provided. The luminaire
includes a head comprising the lens assembly, where the lens
assembly includes a lens holder, a Fresnel lens, and a
homogenizing lens. The Fresnel lens is physically coupled to
the lens holder and includes a smooth rear face and a front
face comprising annular facets. The homogenizing lens is
physically coupled to the lens holder and optically coupled
to the Fresnel lens. The homogenizing lens includes a rear
face comprising a homogenizing optical structure and the
rear face of the homogenizing lens faces the front face of the
Fresnel lens.
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LENS FOR AN INGRESS PROTECTED
STAGE LUMINAIRE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of U.S. Provi-
sional Application No. 63/493,230, filed Mar. 30, 2023,
entitled “LENS FOR AN INGRESS PROTECTED STAGE
LUMINAIRE” which is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD OF THE DISCLOSURE

The disclosure generally relates to luminaires, and more
specifically to a lens for an outdoor stage luminaire.

BACKGROUND

Luminaires in outdoor settings for entertainment and/or
architectural applications may be used for theatrical produc-
tions, festivals, television and film productions, concerts,
theme parks, sporting events, and other outdoor venues.
Ingress Protection (IP) ratings for electrical enclosures are
defined by the International Flectrotechnical Commission
(IEC) under the international standard IEC 60529, published
in the European Union as EN 60529. IP ratings indicate
levels of sealing effectiveness of electrical enclosures
against intrusion from foreign bodies (such as dust and dirt)
and moisture (such as fluids, droplets, or vapor). An outdoor
luminaire at least partially protected against weather and
rain may be designed with a rating such as IP65. Such
luminaires may be used in a position exposed to weather in
order to light performers, audience, scenery, or staging.

SUMMARY

Alens assembly includes a lens holder, a Fresnel lens, and
a homogenizing lens. The Fresnel lens is physically coupled
to the lens holder and includes a smooth rear face and a front
face comprising annular facets. The homogenizing lens is
physically coupled to the lens holder and optically coupled
to the Fresnel lens. The homogenizing lens includes a rear
face comprising a homogenizing optical structure and the
rear face of the homogenizing lens faces the front face of the
Fresnel lens.

A luminaire includes a head comprising a lens assembly,
where the lens assembly includes a lens holder, a Fresnel
lens, and a homogenizing lens. The Fresnel lens is physically
coupled to the lens holder and includes a smooth rear face
and a front face comprising annular facets. The homogeniz-
ing lens is physically coupled to the lens holder and optically
coupled to the Fresnel lens. The homogenizing lens includes
a rear face comprising a homogenizing optical structure and
the rear face of the homogenizing lens faces the front face
of the Fresnel lens.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure,
reference is now made to the following brief description,
taken in conjunction with the accompanying drawings in
which like reference numerals indicate like features.

FIG. 1 presents an exploded view of a lens assembly
according to the disclosure;

FIG. 2 presents an oblique side cut-away view of the lens
assembly of FIG. 1;
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FIGS. 3A and 3B present views of rear and front faces,
respectively, of a Fresnel lens according to the disclosure;

FIGS. 4A and 4B present views of the rear and front faces,
respectively, of a homogenizing lens according to the dis-
closure; and

FIG. 5 presents an orthogonal view of a luminaire com-
prising a lens assembly according to the disclosure.

DETAILED DESCRIPTION

Preferred embodiments are illustrated in the figures, like
numerals being used to refer to like and corresponding parts
of the various drawings.

Outdoor luminaires may be used in theatrical productions,
festivals, television and film productions, concerts, theme
parks, sporting events, and other outdoor venues. Such
luminaires may be controlled from a remotely positioned
lighting desk that allows an operator to send commands via
a data link to control luminaire characteristics such as
position, color and intensity, patterns, and/or effects of the
emitted light.

Some outdoor luminaires use a type of lens known as a
Fresnel lens as a final output lens—the lens through which
the luminaire emits light. Fresnel lenses are a design alter-
native for plano-convex lenses with short focal lengths.
Fresnel lenses provide a design that reduces the material and
weight of the lens. The structure of a Fresnel lens comprises
a planar or concave rear face and a series of concentric,
faceted, annular (ring-shaped) sections on the front face of
the lens. The facets are designed to simulate the optical
effect of the convex front face of the plano-convex lens. The
side of each facet that is closer to the center of the lens is
substantially vertical (parallel to the optical axis). The side
of each facet that is farther from the center of the lens has
an angle to the optical axis that is substantially the same as
the angle of a corresponding annular portion of the convex
front face of the lens being simulated. Fresnel lenses may be
molded into a single piece of glass or plastic.

A first technical problem with the annular facets of a
Fresnel lens is that they may provide an imperfect simula-
tion of the original convex surface. The imperfect simulation
may produce a ringed pattern in the output light beam.
Discontinuities between adjacent faceted rings may be one
cause of the ringed pattern. In some lenses, the effect of the
discontinuities is reduced by using a homogenizing optical
pattern on the rear face of the lens (the surface opposite the
annular facets). Such a homogenizing optical pattern may be
a series of small dimples or raised bumps that break up the
light so that the ringed pattern is diffused and/or eliminated.
However, such a homogenizing pattern on the rear face of
the lens affects the light beam before the beam passes
through the annular facets, with the possible result that the
annular facets produce a ringed pattern that is reduced, but
still perceptible, in the light beam. A lens system according
to the present disclosure solves this first problem by pro-
viding a homogenizing optical structure after the annular
facets in the light path, rather than before the annular facets.

It is desirable that the external lenses of outdoor enter-
tainment luminaires be kept clean so as not to reduce their
light output. Thus, a second technical problem arises in
luminaires having a Fresnel lens as the final output lens,
because the faceted face of a Fresnel lens may be exposed
to the weather and atmosphere, with the result that the facets
may become coated with dirt and/or moisture. Because of
the irregular surface created by the facets, the front surface
of the lens may be difficult to clean. A lens system according
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to the present disclosure solves this second problem by
shielding the annular facets from dirt and moisture.

FIG. 1 presents an exploded view of components of a lens
assembly 100 according to the disclosure. A Fresnel lens 102
and a homogenizing lens 104 are mounted in (or physically
coupled to) a lens holder 106. Light from a light source
passes through the Fresnel lens 102 before passing through
the homogenizing lens 104 and being emitted from a lumi-
naire comprising the lens assembly 100. The Fresnel lens
102 includes a smooth surface on its rear (light receiving)
face and annular facets on its front (light emitting) face. The
homogenizing lens 104 includes a homogenizing optical
structure on its rear face and a smooth front face. The
homogenizing lens 104 includes a rim 105 which is sealed
via gaskets or otherwise to the lens holder 106, and thus to
the body of the luminaire. The seal between the rim 105 and
the lens holder 106 is configured to prevent (or reduce) the
ingress of dust and/or moisture into the luminaire around the
edge of the homogenizing lens 104. However, the Fresnel
lens 102 is not sealed to the lens holder 106 or the homog-
enizing lens 104. As a result, air circulates freely from within
the luminaire, around the edges of the Fresnel lens 102, and
between the Fresnel lens 102 and the homogenizing lens 104
to reduce or eliminate a buildup of condensation between the
two lenses.

FIG. 2 presents an oblique side cut-away view of the
components of the lens assembly 100 of FIG. 1. The lens
holder 106 which, in turn, is mounted to a body 112 of a
luminaire. The Fresnel lens 102 and the homogenizing lens
104 are physically coupled to the lens holder 106. As
described above, light from a light source within the lumi-
naire passes through the Fresnel lens 102 before passing
through the homogenizing lens 104 and being emitted from
the luminaire. The Fresnel lens 102 is not sealed into lens
holder 106, but instead is mounted using a mount 110
comprising a resilient material, which allows airflow around
the Fresnel lens 102. The Fresnel lens 102 comprises a
smooth rear face 116 that may be flat (i.e., not curved),
convex, concave or any other smooth shape. A front face 114
of the Fresnel lens 102 includes annular facets.

The homogenizing lens 104 is mounted in the lens holder
106, with a rear face 118 facing the front face 114 of the
Fresnel lens 102. The rim 105 of the homogenizing lens 104
is sealed to the lens holder 106 by a gasket 108. The rear face
118 of the homogenizing lens 104 comprises a homogeniz-
ing optical structure. The homogenizing optical structure
may include a pattern of dimples, raised bumps, or other
optical structure configured to homogenize light. The
homogenizing optical structure may be formed of the mate-
rial of the rear face 118 or be a coating or thin layer applied
on the rear face 118. The rear face 118 may be flat, convex,
concave, or other shape. The homogenizing lens 104 com-
prises a smooth front face 120. The front face 120 may be
flat, convex, concave or any other shape.

In some embodiments, the front face 120 of the homog-
enizing lens 104 comprises an anti-reflection coating. In
various embodiments, the front face 120 of the homogeniz-
ing lens 104 comprises one or more of an oleophobic
coating, a hydrophobic coating, or a coating configured to (i)
strengthen the lens, (ii) increase the lens’ resistance to
scratches, and/or (iii) reduce a buildup of dirt and dust on the
surface of the lens.

FIGS. 3A and 3B present views of the rear face 116 and
the front face 114, respectively, of the Fresnel lens 102
according to the disclosure. FIG. 3A shows the smooth rear

10

15

20

25

30

35

40

45

50

55

60

65

4

face 116 and FIG. 3B shows the annular facets of the front
face 114. The annular facets are visible through the rear face
116.

FIGS. 4A and 4B present views of the rear face 118 and
the front face 120, respectively, of the homogenizing lens
104 according to the disclosure. FIG. 4A shows the rear face
118 with a homogenizing optical structure comprising raised
dimples. As described above, the homogenizing optical
structure may comprise a pattern of dimples, raised bumps,
or other optical structure configured to homogenize light.
The homogenizing optical structure may be formed of the
material of the rear face 118 or be a coating or thin layer
applied on the rear face 118.

FIG. 4B shows the smooth front face 120. The dimples on
the rear face 118 are visible through the front face 120. The
homogenizing lens 104 includes a rim 105 that may be used
for sealing the homogenizing lens 104 to the lens holder 106
to reduce or prevent the passage of air around an edge of the
homogenizing lens, e.g., the passage of outside air into an
interior of the luminaire 112.

In some embodiments, homogenizing optical structures
are located on both the front face 120 and the rear face 118
of the homogenizing lens 104. In other embodiments—for
example, where the luminaire will be exposed to little or no
dust or moisture—the homogenizing optical structure is
located on the front face 120 and the rear face 118 is smooth.

FIG. 5 presents an orthogonal view of a luminaire 200
comprising the lens assembly 100 according to the disclo-
sure. The lens holder 106 is mounted with the smooth front
face 120 of the homogenizing lens 104 facing outward to
emit light from the luminaire 200.

The luminaire 200 comprises a head 202 and electrical
circuits 204 (not visible in FIG. 5). The electrical circuits
204 are configured to provide electrical power to a light
engine and control circuits and motors configured to move
the optical devices of the luminaire 200. The luminaire 200
is a fixed position luminaire whose pan/tilt orientation is set
by manually positioning the head 202 in a stirrup 206.

In other embodiments, an automated luminaire according
to the disclosure comprises a head in which the lens assem-
bly 100 is mounted. In such embodiments, the head is
rotatably mounted in a motorized yoke assembly and con-
figured for remotely controlled rotation about a tilt axis. The
yoke assembly is rotatably mounted to a base and configured
for remotely controlled rotation about a pan axis. In some
such embodiments, the base may include power circuits
configured to provide electrical power to electrical circuits
of one or more of the base, the yoke assembly, and the head.

While only some embodiments of the disclosure have
been described herein, those skilled in the art, having benefit
of this disclosure, will appreciate that other embodiments
may be devised which do not depart from the scope of the
disclosure herein. While the disclosure has been described in
detail, it should be understood that various changes, substi-
tutions, and alterations can be made hereto without depart-
ing from the spirit and scope of the disclosure.

What is claimed is:

1. A lens assembly, comprising:

a lens holder;

a Fresnel lens physically coupled to the lens holder to
allow airflow around the Fresnel lens, the Fresnel lens
including a smooth rear face and a front face compris-
ing annular facets; and

a homogenizing lens physically coupled to the lens holder
and optically coupled to the Fresnel lens, the homog-
enizing lens including a rear face comprising a homog-
enizing optical structure, the rear face of the homog-
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enizing lens facing the front face of the Fresnel lens,

wherein the homogenizing lens is physically coupled to

the lens holder to reduce airflow around an edge of the
homogenizing lens,

wherein the lens holder is configured to hold the Fresnel

lens and the homogenizing lens in a fixed and spaced-

apart relationship and to allow airflow between the

Fresnel lens and the homogenizing lens.

2. The lens assembly of claim 1, wherein the homogeniz-
ing lens is physically coupled to the lens holder at least by
a seal configured to reduce passage of air around the edge of
the homogenizing lens.

3. The lens assembly of claim 2, wherein the seal com-
prises a gasket.

4. The lens assembly of claim 2, wherein the Fresnel lens
is physically coupled to the lens holder at least by a resilient
material configured to allow airflow around the Fresnel lens.

5. The lens assembly of claim 1, wherein the homogeniz-
ing lens comprises a smooth front face.

6. The lens assembly of claim 1, wherein the homogeniz-
ing optical structure comprises raised dimples.

7. The lens assembly of claim 1, wherein the homogeniz-
ing optical structure comprises a pattern of dimples, raised
bumps, or other optical structure configured to homogenize
light.

8. The lens assembly of claim 1, wherein the homogeniz-
ing optical structure is formed of a material of the rear face
or is a coating or thin layer applied on the rear face of the
homogenizing lens.

9. The lens assembly of claim 1, wherein the front face of
the homogenizing lens comprises an oleophobic coating, a
hydrophobic coating, a coating configured to strengthen the
homogenizing lens, a coating configured to increase a resis-
tance of the homogenizing lens to scratches, or a coating
configured to reduce a buildup of dirt and dust on a surface
of the homogenizing lens.

10. A luminaire comprising:

a head comprising a lens assembly, wherein the lens

assembly comprises:

a lens holder;

a Fresnel lens physically coupled to the lens holder to
allow airflow around the Fresnel lens, the Fresnel
lens including a smooth rear face and a front face
comprising annular facets; and

a homogenizing lens physically coupled to the lens
holder and optically coupled to the Fresnel lens, the
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homogenizing lens including a rear face comprising
a homogenizing optical structure, the rear face of the
homogenizing lens facing the front face of the Fres-
nel lens, wherein the homogenizing lens is physi-
cally coupled to the lens holder to reduce airflow
around an edge of the homogenizing lens into an
interior of the luminaire,

wherein the lens holder is configured to hold the
Fresnel lens and the homogenizing lens in a fixed
and spaced-apart relationship and to allow airflow
between the Fresnel lens and the homogenizing lens.

11. The luminaire of claim 10, wherein the homogenizing
lens is physically coupled to the lens holder at least by a seal
configured to reduce passage of air around the edge of the
homogenizing lens.

12. The luminaire of claim 11, wherein the seal comprises
a gasket.

13. The luminaire of claim 11, wherein the Fresnel lens is
physically coupled to the lens holder at least by a resilient
material configured to allow airflow around the Fresnel lens.

14. The luminaire of claim 10, wherein the homogenizing
lens comprises a smooth front face.

15. The luminaire of claim 10, wherein the homogenizing
optical structure comprises raised dimples.

16. The luminaire of claim 10, wherein the homogenizing
optical structure comprises a pattern of dimples, raised
bumps, or other optical structure configured to homogenize
light.

17. The luminaire of claim 10, wherein the homogenizing
optical structure is formed of a material of the rear face or
is a coating or thin layer applied on the rear face of the
homogenizing lens.

18. The luminaire of claim 10, wherein the front face of
the homogenizing lens comprises an anti-reflection coating,
an oleophobic coating, a hydrophobic coating, a coating
configured to strengthen the homogenizing lens, a coating
configured to increase a resistance of the homogenizing lens
to scratches, or a coating configured to reduce a buildup of
dirt and dust on a surface of the homogenizing lens.

19. The luminaire of claim 10, further comprising:

a yoke assembly, wherein the head is rotatably mounted

in the yoke assembly for rotation about a tilt axis.

20. The luminaire of claim 19, further comprising:

a base, wherein the yoke assembly is rotatably mounted to

the base for rotation about a pan axis.
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