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1
ILLUMINATION DEVICE WITH SPLIT BEAM
EFFECT

FIELD OF THE INVENTION

The present invention relates to an illumination device
comprising at least one light source generating a light beam
and at least one light beam diffractor, where the light diffrac-
tor is positioned at least partially in the light beam and
adapted to diffract at least a part of the light beam. The present
invention relates also to moving head light fixtures typically
used in entertainment lighting.

BACKGROUND OF THE INVENTION

Light fixtures creating various effects are getting more and
more used in the entertainment industry in order to create
various light effects and mood lighting in connection with live
shows, TV shows, sport events and/or as a part of architectural
installation. Typically entertainment light fixtures create a
light beam having a beam width and a divergence and can for
instance be wash/flood fixtures creating a relatively wide light
beam with a uniform light distribution with a soft edge or it
can be profile fixtures adapted to project images onto a target
surface. It is common to incorporate mid air light effects into
light shows. Mid air effects are created by creating a well-
defined light beam which is partially scattered by haze or
smoke particle in the air whereby the audience can see the
light beam in the air. The mid air light beams are often created
in the head of a moving head light fixture where the head is
rotatably connected to a yoke which is rotatably connected to
a base and the light beam can as a consequence be moved
around in the air. Today there are a number of different prod-
ucts (e.g. The MAC 250 Beam™ or the MAC 2000 Beam™
provided by Martin Professional A/S) which are capable of
providing such light beams and many of these can create light
beams with variable beam divergence and/or collimated light
beams having variable beam diameter.

US2010/0103677 discloses a theatre lighting apparatus
comprising a base, a communications port, a processor, a
memory, and a lamp housing. The lamp housing includes a
lamp, a reflector, an output lens, a motor, and a homogenizing
lens. The homogenizing lens comprises a plurality of radi-
cally arranged lenticular lenses, and a processor programmed
to enable a motor to vary a position of the homogenizing lens
in relation to a position of the output lens. The homogenizing
lens may be comprised of a first half and a second half, each
of' which may have a plurality of radically arranged lenticular
lenses. The lightning apparatus comprises also a prism appa-
ratus positioned between the light source and the output lens.
The prism apparatus is constructed of a plurality of prisms
mounted to a substrate. In operation, incoming light rays pass
through the substrate and through the base of each prism
where a first portion of light rays is refracted into a first
direction exiting from one side of the prisms, and a second
portion of light rays is refracted into a second direction exit-
ing from another side of the prism. The prism apparatus is
attached to a rotation motor capable of rotating the prism
apparatus about its center, and the prism apparatus and rota-
tion motor are attached to a lead screw and driving motor so
the prism apparatus can be transitioned into a light beam. The
combination of the prism apparatus and a polymer fresnel
front lens results in two substantially separate exiting beams
of light (referred to as twin beams). The prism apparatus is
also connected to a displacement motor capable of displacing
the prism apparatus in relation to the front lens. The angular
deviation of the two separate beams of light can hereby be
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controlled. The twin beams are dependent on each other,
since they primarily are created by the prism apparatus and
the characteristics (e.g. intensity, color, divergence, size) of
the twin beam can thus substantially the same and cannot be
controlled independently.

DESCRIPTION OF THE INVENTION

The object of the present invention is to solve the above
described limitations related to prior art. This is achieved by
an illumination device, a light fixture and a method as
described in the independent claims. The dependent claims
describe possible embodiments of the present invention. The
advantages and benefits of the present invention are described
in the detailed description of the invention.

DESCRIPTION OF THE DRAWING

FIGS. 1a-1d illustrate a first embodiment of the illumina-
tion device according to the present invention;

FIGS. 2a-2b illustrate a second embodiment of the illumi-
nation device according to the present invention;

FIGS. 3a-3b illustrate a third embodiment of the illumina-
tion device according to the present invention;

FIGS. 4a-4d illustrate a fourth embodiment of the illumi-
nation device according to the present invention;

FIG. 5 illustrates a moving head light fixture comprising an
illumination device according to the present invention;

FIG. 6 illustrates a simple perspective view of a light dif-
fractor of an illumination device according to the present
invention;

FIGS. 7a and 754 illustrate a possible embodiment of the
light diffractor according to the present invention

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described in view of the accom-
panying drawing. The person skilled in the art will realize that
the drawings are illustrating the principles behind the present
invention and do not serve as detailed specifications showing
final embodiments. The illumination device when carried out
may thus differ from the illustrated embodiments and may
also comprise further components.

FIGS. 1a-1d illustrate a first embodiment of the illumina-
tion device according to the present invention. FIGS. 1a and
15 illustrate respectively a top view and a cross sectional view
of the illumination device in a first setting and FIGS. 1¢ and
1d illustrate respectively a top view and cross sectional view
of the illumination device in a second setting.

The illumination device comprises a light source 101 gen-
erating a light beam and a light beam diffractor 105 posi-
tioned in and adapted to diffract the light beam. The light
beam generated by the light source is illustrated by lines 103«
and 1035 indicating the boundaries of the light beam, and
lines 103¢ and 1034 indicate the boundaries of the light beam
diffracted by the light beam diffractor 105.

The light beam diffractor 105 comprises a first diftractor
section 107a (in dotted lines) diffracting a first part of the light
beam and a second diffractor section 1075 (in dotted lines)
diffracting a second part of the light beam. The first diffractor
section 1074 and the second diffractor section 1075 are mov-
able independently of each other and in relation to the light
beam.

Arrow 109a indicates that the first diffractor section 107a
is movable in relation to the light beam through rotation, and
in the second setting illustrated as can be seen in FIG. 1c¢ the
first diffractor section 107a is rotated approximately 180
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degrees in relation to its position in the first setting in FIG. 1a.
The consequence is that the first diffractor section 1074 dif-
fract the first part of the light beam in a first direction in the
first setting and in a second direction in the setting. The
second direction of the first light beam is illustrated in F1IG. 14
by lines 111a and 1115 indicating the boundaries of the first
part of the light beam after it has been deflected by the first
diffractor section 107a.

Similarly arrow 1095 indicates that the second diffractor
section 1075 is movable in relation to the light beam through
rotation, and in the second setting illustrated in FIG. 1¢ the
second diffractor section 1075 is rotated approximately 180
degrees in relation to the first setting illustrated in FIG. 1a.
The consequence is that the second diffractor section 1075
diffract the second part of the light beam in a first direction in
the first setting and in a second direction in the second setting.
The second direction of the second light beam is illustrated in
FIG. 1d by lines 113a and 1135 indicating the boundaries of
the second part of the light beam after it has been deflected by
the second diffractor section 1075.

The consequence is that it is possible to create two inde-
pendently controlled light beams by moving the first 107a and
second diffractor sections 1075 independently of each other.
This creates a new and exciting light effect as the direction of
the two light beams can be controlled independently of each
other and can also be combined into one single light beam as
in FIG. 15. In the illustrated embodiment the two indepen-
dently controlled light beams will perform a circular and cone
like movement.

The light source 101 is illustrated as a discharge lamp
positioned in a reflector 115 where the reflector is adapted to
form the light beam as known in the art. A skilled person can
design a diverging, converging or collimated (as illustrated)
light beam depending on the desired optical properties of the
system. The skilled person realizes that any type of light
source (e.g LED, OLED, plasma sources etc.) capable of
generating a light beam can be used. The illustrated light
source can for instance be replaced by an LED co-operating
with a TIR-lens where the TIR-lens collects light and forms
the light beam. The light source can also be embodied as a
number of light sources where the light beam is formed by
collecting/integrating light from a number of light sources
e.g. a number of LED positioned in an array.

The light beam diffractor 105 is illustrated as a Fresnel lens
where the first diffractor section 1074 and the second diffrac-
tor section are embodied as circular cutouts in the Fresnel
lens. The illustrated circle 117 indicates the edges of the
Fresnel zones and it can be seen that the Fresnel zones of the
first and second diffractor sections can be rotated. The parts of
the front lens that do not constitute the first and second dif-
fractor sections can in one embodiment be covered by a
nontransparent material whereby light only exits through the
first and section diffractor sections whereby two clearly dis-
tinct light beams are created (second setting of FIGS. 1¢ and
1d). The independent light beams can also be combined into
a common light beam as if the front lens were a normal
Fresnel lens (first setting of FIGS. 1a and 15). The skilled
person realizes the parts of the front lens that do not constitute
the first and second diffractor sections also can be removed
instead and replaced by a cover as an alternative to covering
these parts with a nontransparent material.

On the other hand the parts of Fresnel lens that do not
constitute the first and second diffractor can also be transpar-
ent whereby a stationary central light beam part is created and
where two independently controllable light beam can be
adapted to move in relation to the central light beam. This will
result in exciting mid air effects and can also provide a new
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zoom technique as the two controllable light beams can be
used to provide a wider beam when they are directed outward
in relation to the central beam.

The skilled person realizes that the light beam diftractor
alternatively can be a regular diffracting optical components
like lenses, reflectors, prisms where the diffractor sections
have been created as smaller parts which can be moved inde-
pendently of each other.

The illumination device comprises also a first actuator
119a adapted to move the first diffractor section 107a in
relation to the light beam. In the illustrated embodiment the
first actuator is adapted to rotate the first diffractor section
107a around a first axis 121 which is substantially parallel
with the central axis 123 of the light beam. Similarly a second
actuator 11954 is adapted to move the second diffractor section
10754 in relation to the light beam and can rotate the second
diffractor section 1075 around a second axis 125 which is
substantially parallel with the central axis 123 of the light
beam. The actuators are in the illustrated embodiment
adapted to interact with the outer perimeter of the diffractor
sections and can hereby rotate each diffractor section. The
first actuator and the second actuator can be independently
controlled by at least one processor (not shown).

FIGS. 2a and 2b illustrate another embodiment of the
illumination device according to the present invention, where
FIG. 2a illustrates a top view and FIG. 25 illustrates a cross
sectional view. In this embodiment the light beam diffractor
comprises four diffractor sections 207a-d which can be
rotated in relation to the light beam by four actuators (only
two illustrated as 219a, 219¢). The actuators can be controlled
independently of each other and the four diffractor sections
can thus also be rotated independently of each other. The
diffractor sections 207a-207d are like in FIG. 1a-1b embod-
ied as circular cutouts of a Fresnel lens. The diffractor sec-
tions are mounted in bearings (231¢-231¢) which are
mounted in a front plate 233. The outer perimeter interact
with the actuators (only actuator 219a and 219c¢ illustrated)
e.g. through a gear mechanism. The bearings provide a
smooth rotation and reduce wear. The light beam is in this
embodiment optimized such that the amount of light hitting
the four diftractor sections are as large as possible. In the top
view this is illustrated by the dotted line 235 indicating the
outer perimeter of the incoming light beam. The cross section
view FIG. 25 illustrates only the light beam parts 203a and
203¢ which respectively passes through the diffractor section
207a and 207¢ and it can be seen that these are placed in a
setting where the two light beam parts are diffracted in sub-
stantially the same direction. In this embodiment the actua-
tors are positioned below the central part of front plate.

FIGS. 3a and 3b illustrate an embodiment similar to the
embodiment of FIGS. 1a-14. The illumination device is here
illustrated in second setting like in FIGS. 1¢ and 1d. In this
embodiment the illumination device comprises a zoom lens
302 which is positioned in the light beam and between the
light source 101 and the light beam diffractor 105. The zoom
lens diffracts the light beam and can be moved along (indi-
cated by arrow 304) the central axis 123 of the light beam by
an actuator 306.

The zoom lens 302 is illustrated (in solid lines) in a first
position close to the light source. The light beam will in this
position be diffracted by the zoom lens 302 and is adapted to
hit most of the part ofthe light diffractor whereby the width of
the two light beams created by the first and second diffractor
section is large. The zoom lens 302' is also illustrated (in
dotted lines) in a second position close to the light beam
diffractor 105 and the light beam deflected by the zoom lens
will hit a smaller portion of the light beam diffract 105 and the
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first and second diffractor sections will create smaller light
beams as indicated by 111a' and 1134'". This creates a way of
generating the independently controlled light beams and the
person skilled in optics can design the divergence and width
of the outcoming light beams by regulating the optical power
of the zoom lens and light beam diffractor.

FIGS. 4a-4d illustrate an embodiment similar to the
embodiment of FIGS. 1a-14. FIGS. 44 and 4b illustrate
respectively a top view of the light beam diffractor 105 and a
cross sectional view of the illumination device in a first set-
ting. FIGS. 4¢ and 4d illustrate respectively a top view of the
light beam diffractor 105 and cross sectional view of the
illumination device in a second setting. In this embodiment
the illumination device comprises a front lens 402 which is
positioned in the light beam and after the light beam has
passed the light beam diffractor 105. The front lens 402
diffracts the light beams leaving the light beam diffractor
103¢/103d, 111a/11156 and 113a/1135 and results in the out-
going light beams 103¢'/1034", 1114'/1115' and 1134'/1135'.
This creates an alternative way of generating the indepen-
dently controlled light beams and the person skilled in optics
can design the divergence and width of the out coming light
beams by regulating the optical power of the front lens and
light beam diffract. Both the front lens 402 and light beam
diffractor 105 can in other embodiments be movable along
the light beam like the zoom lens illustrated in FIGS. 3a-356 in
order to create various light effects.

FIG. 5 is a structural diagram illustrating a moving head
light fixture 501 with an illumination device according to the
present invention. The moving head light fixture 501 com-
prises a base 503 connected to a yoke 505 and a head 507
carried in the yoke. The illumination device is similar to the
illumination device illustrated in FIGS. 1a-1d and comprises
a light source 101 generating a light beam and a light beam
diffractor positioned in and adapted to diffract the light beam.
The light beam diffractor comprises a first diffractor section
107a diffracting a first part of the light beam and a second
diffractor section 1075 diffracting a second part of the light
beam. The first diffractor section 107a and the second diffrac-
tor section 1075 is movable independently of each other and
in relation to the light beam. A first actuator 119a is adapted
to rotate the first diffractor section 1074 in relation to the light
beam and a second actuator 1194 is adapted to rotate the
second diffractor section 1075 in relation to the light beam.

A number of light effects are positioned in the light beam
and can be any light effects known in the art of intelligent
lighting for instance a dimmer 515, a CMY color mixing
system 517, color filters 519, gobos 521, iris (not shown),
prisms (not shown) etc.

The moving head light fixture comprises a first rotating
means for rotating the yoke in relation to the base, for instance
by rotating a shaft 523 connected to the yoke by using a motor
525 positioned in the base. The moving head light fixture
comprises also a second rotating means for rotating the head
in relation to the yoke, for instance by rotating a shaft 527
connected to the head by using a motor 829 positioned in the
yoke. The skilled person realizes that the rotation means can
be constructed in many different ways using mechanical com-
ponents such as motors, shafts, gears, cables, chains, trans-
mission systems etc.

The moving head light fixture receives electrical power 531
from an external power supply (not shown). The electrical
power is received by an internal power supply 533 which
adapts and distributes electrical power through internal power
lines (not shown) to the subsystems of the moving head. The
internal power system can be constructed in many different
ways, for instance, as one system where all subsystems are
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connected to the same power line. However the skilled person
realized that some of the subsystems in the moving head need
different kind of power and that a ground line also can be
included. The light source will for instance in most applica-
tions need a different kind of power than step motors and
driver circuits.

The light fixture comprises also a controller 537 which
controls the other components (other subsystems) in the light
fixture based on an input signal 539 indicative of at least one
light effect parameter and at least one position parameter. The
controller receives the input signal from a light controller 541
as known in the art of intelligent and entertainment lighting,
for instance, by using a standard protocol like DMX, ArtNET,
RDM etc. The light effect parameter is indicative of at least
one light effect parameter of said light beam for instance the
amount of dimming and/or the dimming speed of the light
beam, a color that the CMY system 517 should mix, the kind
of color filter that a color filter system 519 should position in
the light beam and/or the kind of gobo that the gobo system
821 should position in the light beam, etc. The light effect
parameter can also be indicative of how the first diffractor
section 107a should be moved in relation to the light beam,
whereby the moving head light fixture is capable of control-
ling the direction of the light beam created by the first dif-
fractor section 107a. Similarly the light effect parameter can
also be indicative of how the second diffractor section 1075
should be moved in relation to the light beam. The controller
can control the position of the first and/or second diffractor
sections through the actuators 1194, 1195 and by instructing
the actuators to move in the wanted pattern. The controller is
adapted to send commands and instructions to the different
subsystems of the moving head through internal communi-
cation lines 543 (in dotted lines). The internal communication
system can be based on a various type of communications
networks/systems and the illustrated communication system
is just one illustrating example.

The position parameter is indicative of rotation of at least
the yoke in relation to the base and/or rotation of the head in
relation to the yoke. The position parameter can for instance
indicate a position whereto the light fixture should direct the
beam, the position of the yoke in relation to the base, the
position of the head in relation to the yoke, the distance/angle
that the yoke should be turned in relation to the base, the
distance/angle that the head should be turned in relation to the
base etc. The rotation parameter can also indicate the speed
and time of the rotation.

The moving head can also have user input means enabling
a user to interact directly with the moving head instead of
using a light controller 541 to communicate with the moving
head. The user input means 545 can for instance be bottoms,
joysticks, touch pads, keyboard, mouse etc. The user input
means could also be supported by a display 547 enabling the
user to interact with the moving head through menu system
shown on the display using the user input means 547. The
display device and user input means can in one embodiment
also be integrated as a touch screen. The illumination system
can be embodied in a light effect system for forming a light
beam as described in the applicants’ pending patent applica-
tions PCT/DK2010/050230 published as WO 2011/029449
and are incorporated herein by reference.

The light effect system according to WO 2011/029449
comprises a base support rotatably supporting a light effect
support, said light effect support comprises:

light forming means, said light forming means being

adapted to form at least a part of said light beam;

at least one actuator adapted to move said light forming

means in relation to said light beam;
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The light effect system comprises rotatable electric con-
necting means, said rotatable electric connecting means
enable transferring of electric energy between said light effect
support and said base support during rotation of said light
effect support in relation to said base support.

The illumination device can be integrated into this light
effect system by positioning the diffractor sections and their
actuators at the light effect support. The result is that the
independently controlled light beams also can be rotated con-
tinuously/endless 60 degrees around the light beam which
provides further effects.

FIG. 6 illustrates a simple perspective view a light diffrac-
tor 605 of an illumination device similar to the one illustrated
in FIGS. 2a and 25b. The light diffractor 605 comprises four
diffractor sections 607a-d which can be moved in relation to
an in comming light beam (not shown) and independently of
each other as described above. Each of the diffractor section
607a-d creates an independently controllable light beam
604a-d by diffracting the parts of the incoming light beam.
The independently controllable light beams will move in a
circular and cone like pattern (illustrated by arrows 606a-d)
when the corresponding diffractor section is rotated around
an axis parallel to the central axis incoming light beam. This
system can as described above be embodied in light system
according WO 2011/029449 which will result in the fact that
all light beams further can be rotated around a common cen-
tral axis as illustrated by arrow 608.

FIGS. 7a and 7b illustrate another embodiment of the
illumination device according to the present invention, where
FIG. 7a illustrates a top perspective view and FIG. 75 bottom
perspective view. In this embodiment the light beam diffrac-
tor comprises four diffractor sections 707a-d which can be
rotated in relation to the light beam by four actuators 719a-d.
The illumination device comprises a mounting bracket 749
comprising a number of radial protrusions 751a-751d con-
nected by a number of peripheral connectors 753a-753d. The
diffractor sections 707a-d are respectively rotatably con-
nected to the peripheral connectors 753a-d by connecting
each diffractor section to a shaft which is mounted in ahole in
the peripheral connectors. The diftractor sections can thus
rotate around an axis going through the holes of the peripheral
connectors. The light beam (not shown) will hit the diffractor
sections 707a-d from the bottom side and the diffract sections
707a-d will diffract the light beam in different directions at
the top side. The center of the light beam goes through the
center of the mounting bracket 749 and each diffractor section
can thus rotate around an axis parallel to but displaced in
relation to the central axis of the light beam. The actuators
719a-719d are respectively arranged on the radial protrusions
751a-d and respectively connected to diffractor sections
707a-d through respectively rotatable connectors 755a-d.
The rotatable connectors enable rotation of the diffractor
sections 707a-d around an axis which is perpendicular to the
axis of rotation of the actuators. The rotatable connectors can
for instance be embodied as flexible tubs, as springs or as
knee-joints as known for mechanical engineering.

The top part of the illumination device can be covered by a
top cover (not shown) which covers the areas between the
diffractor sections 707a-d and thus prevents light from being
emitted through the top side.

The present invention has been illustrated in view of a light
diffractor comprising two or four diffractor sections. How-
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ever, the skilled person realizes that, the present invention can
be embodied with any number greater than two diffractor
sections.

The invention claimed is:

1. A moving head light fixture comprising:

a base;

a yoke rotatably connected to said base;

a head rotatably connected to said yoke, said head com-

prising:
at least one light source generating a light beam along a
central axis, wherein at least a part of said light beam
exits said head through a light beam diffractor, said
light beam diffractor is arranged in front of said head,
wherein said light beam diffractor comprises:
a first diffractor section diffracting a first part of said
light beam;
a second diffractor section diffracting a second part of
said light beam;
wherein at least a part of said second part of said light
beam is different from said first part of said light
beam,
wherein said first diffractor section and said second
diffractor section are rotatable in relation to said
light beam and independently of each other
wherein said first diffractor section is rotatable
around a first axis, said first axis being substantially
parallel with the central axis of said light beam; and
said second diffractor section is rotatable around a
second axis, said second axis being substantial par-
allel with the central axis of said light beam.

2. The moving head light fixture according to claim 1
wherein at least one of said first axis or said second axis is
offset of said central axis.

3. The moving head light fixture according to claim 1
wherein a first actuator is adapted to rotate said first diffractor
section around said first axis and a second actuator is adapted
to rotate said second diffractor section around said second
axis, and said first actuator and said second actuator are each
independently controlled by at least one processor.

4. The moving head light fixture according to claim 1
wherein said first diffractor section and said second diffractor
section are positioned in substantially the same distance from
said light source.

5. The moving head light fixture according to claim 1
wherein said illumination device comprises a zoom lens posi-
tioned at least partially in said light beam, and between said
light source and at least one of said diffractor sections.

6. The moving head light fixture according to claim 5
wherein said zoom lens is movable along said light beam.

7. The moving head light fixture according to claim 1
wherein at least one of said diffractor sections is circular and
positioned in a bearing.

8. The moving head light fixture according to claim 1
wherein at least one of said diffractor sections is embodied as
a cutout of a polymer Fresnel lens.

9. The moving head light fixture according to claim 1,
wherein said light beam diffractor comprises a plurality of
circular Fresnel zones, said plurality of circular Fresnel zones
being centered at said central axis of said light beam and
wherein said first diffracted section and said second diffrac-
tion section comprise a part of said circular Fresnel zones.
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