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The present invention relates to entertainment
lighting equipment, particularly automated instru-
ments having motorized mechanisms.

BACKGROUND OF THE INVENTION

Conventional fixed-focus lighting instruments
typically include a 1000 watt incandescent lamp, such
as a Par (Parabolic Aluminum Reflector) 64 lamp with
integral reflector, mounted in a cylindrical metal hous-
ing suspended within a metal yoke. The lamp produc-
es a high intensity beam which includes a visible por-
tion and a potentially damaging infrared portion. The
heat generated by the lamp is partly alleviated by free
convection through ventilation holes at the lamp
housing. Heat tolerant materials must be used within
the housing to avoid damage from the heat or fre-
quent replacement.

The instrument may be hung from pipes or truss-
es suspended over a stage and adjusted manually for
azimuth and elevation (focus). Thereafter the focus of
the instrument remains fixed throughout the ensuing
performance. Typically, a frame mounted on one end
of the lamp housing holds a sheet of colored plastic
or "gel" which is used for imparting a particular color
to the light beam. The gel is installed manually, and
the color of the beam remains fixed throughout the
performance. Burning of the sheet or gel due to the
heat from the beam requires changing of the sheet or
gel, which may not be an easy task when the instru-
ment is hung, especially if changing is required during
a performance.

More recently, motorized gel-changer mecha-
nisms have been installed on conventional fixed-
focus lighting instruments to vary the color of the light
beam during a performance. These gel-changer
mechanisms may include a motor to wind and unwind
a scroll of gels which are taped together and may fur-
ther include control electronics responsive to a con-
trol signal input to position a selected gel in front of the
light beam. A fan is then necessary to provide forced
air cooling for the gel scroll, the control electronics
and the motor. Without the fan, the high temperature
within the lamp housing may cause the gel to burn or
cause the electronics to fail.

Automated luminaries include within their hous-
ings motorized mechanisms for varying multiple para-
meters. For example a motorized yoke assembly may
be used for adjusting the azimuth and elevation of the
lamp housing; motorized mechanisms for moving
glass color filters for adjusting the color of the light
beam; and lenses and other beam shaping devices
coupled to motorized mechanisms for adjusting the
size and shape of the light beam. Control electronics
responsive to control signal inputs may also be includ-
ed within the lamp housing and/or the motorized yoke
assembly. One or more fans are usually required to
cool the motors and electronics, as well as to cool va-

10

15

20

25

30

35

40

45

50

55

rious parts of the motorized mechanisms. Louvers
and baffles are included in the luminaire to permit hot
air to exitthe lamp housing while preventing stray light
rays from exiting the housing in random directions.

One disadvantage of forced air cooling in enter-
tainment lighting instruments becomes evident in cer-
tain applications in which the sound produced by the
entertainers is at relatively low levels, such as in a
stage play or opera. The noise generated by the fans
incorporated in the lighting instruments, while not no-
ticeable during a high-volume rock concert or country
music show, can become distracting during the rela-
tively quiet moments of a stage play, classical music
performance or opera. However, reliable operation of
an automated luminaire without forced air ventilation
from fans or other improved heat management de-
signs may be impractical if not impossible.

Accordingly, it is an object of the present inven-
tion to provide an automated lighting instrument hav-
ing multiple variable parameters which includes im-
proved heat management designs so that the instru-
ment operates quietly without a fan.

SUMMARY OF THE INVENTION

In acordance with the present invention, an auto-
mated luminaire having multiple adjustable parame-
ters including position, color, and beam shaping
mechanisms operated by control electronics respon-
sive to a control signal input, includes a high-powered
light source mounted within a cold-mirror reflector
which can be coupled to a heat sink that may have ex-
ternal fins. Ventilation holes may be positioned sub-
stantially throughout the lamp housing to permit free
air flow through the housing. Electric motors mounted
within the lamp housing may be supported by ther-
mally isolating motor mounts and are provided with
finned heat sinks. Heat shields can be placed be-
tween the bulkhead of a color filter mechanism and
the actuators coupled thereto, and are also placed
between the lamp housing and the motorized yoke
assembly which contains confrol electronics and mo-
torized mechanism for remotely positioning the lamp
housing.

Examples of the invention described hereinafter
can be considered as inventive developments of the
configurations described in our EP-A-0 474 202 and
EP-A-0 547 732.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the presentin-
vention may be had by reference to the following De-
tailed Description read in conjunction with the accom-
panying drawings, wherein:

FIG. 1 is a schematic perspective view of a sub-

assembly of pivotable filters in accordance with

the present invention;
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FIG. 2 is a schematic perspective view of three
adjoining subassemblies or modules of pivotable
filters showing different filter orientations;

FIG. 3 is a schematic end view of the embodiment
of FIG. 2;

FIG. 4 is a schematic perspective view of a light-
ing assembly including the three modules of FIG.
2 enclosed within a cylindrical housing in accor-
dance with one embodiment of the presentinven-
tion;

FIG. 5A is a cross-sectional view of a cylindrical
frame showing a preferred center support ac-
cording to the present invention;

FIG. 5B is a radial cross-sectional view of a cyl-
indrical frame showing one module of six pivot-
able filters used in a stage light according to an-
other embodiment of the present invention;

FIG. 5C is an axial cross-sectional view of the
embodiment of FIG. 5B;

FIG. 5D is a plan view of one pivotable filter used
in the embodiment of FIG. 5B.

FIG. 6 is a perspective view of another embodi-
ment of the lighting instrument illustrating multi-
ple sets of filters mounted therein;

FIG. 7 is an expanded view illustrating the cou-
pling mechanisms for the color filters according
to the present invention;

FIG. 8 is an expanded view of the drive mecha-
nism according to the present invention;

FIG. 9 is an expanded view illustrating the mount-
ing of the pivoting filter carriers to an axial hub;
and

FIGS. 10A-10D illustrate the top, front and side
views of a filter carrier, respectively.

Figure 11 is a perspective view of the lighting in-
strument according to an embodiment of the
present invention.

Figure 12 is a cross-section view of the interior of
the lighting instrument according to an embodi-
ment of the present invention.

Figure 13 is a perspective view of the lamp hous-
ing with covers removed.

Figure 14 illustrates the lighting instrument
viewed from the rear of the lamp housing.
Figure 15 is aright side view of the lighting instru-
ment with a cut away view of the yoke assembly.
Figure 16 is a left side view of the lighting instru-
ment with a cut away view of the yoke assembly.

DETAILED DESCRIPTION

Referring now to FIG. 1, a pivoting-filter module
or subassembly 2 which forms a part of the lighting
instrument of the present invention will be described.
The subassembly 2 is constructed within a tubular
frame 10 (shown in phantom) having a longitudinal or
primary axis 12 extending from an input aperture 14
to an output aperture 16. Three filters 20 are support-
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ed for rotation about respective axes 18 which prefer-
ably intersect the primary axis 12 to provide a radial
arrangement when viewed from either end in the di-
rection of the axis 12. The filters 20 comprise dichroic
filters having identical optical characteristics and are
pivotably supported near the axis 12 in a manner
such as that described below with reference FIGS. 5B
and 5C. The filters 20 are supported at their outer
ends by gear wheels 22 which are interconnected by
a suitable drive mechanism, such as ring gear 24,
whereby all the wheels rotate simultaneously and at
the same angular velocity.

The filters 20 can be pivoted about their axes 18
from a closed position as depicted in FIG 1. to an open
position in which they are substantially parallel to the
primary axis 12. It will be appreciated that the filters
20 may be rotated to any intermediate position be-
tween the aforementioned positions. The subassem-
bly 2 is further characterized in that all filters therein
are presented at the same angle to alight beam which
is parallel to the primary axis 12 and passes through
the filters.

The subassembly 2 is adapted to receive a white
light beam through the input aperture 14, selectively
change the color of the light beam as the beam pass-
es through the filters 20, and transmit the colored
light beam through the output aperture 16. When the
dichroic filters 20 are in the closed position, it will be
appreciated that virtually all of the rays of the light
beam are intercepted by the filters. When the dichroic
filters 20 are rotated to the other extreme position in
which they are parallel to the longitudinal axis 12, es-
sentially none of the rays of the light beam are inter-
cepted by the filters. By positioning the filters 20 at
selected positions between such extreme positions,
the hue and saturation of the resulting light beam can
be varied in a controlled manner.

The dynamic color-changing effects achieved by
the present invention are determined by the charac-
teristics of dichroicfilters. U.S. Pat No. 4,392,187 dis-
closes changing the angle of incidence of a dichroic
filter relative to a light beam to cause the color spec-
trum transmitted through the filter to be varied. Di-
chroicfilters work on an interference principle, essen-
tially separating two colors out of a white light source,
one color being transmitted and the other color, the
complement of that being transmitted, being reflect-
ed. The color transmitted through the dichroic filter
depends upon the types of material used in the filter
layer and their refractive indices, the thickness of
each layer, the number of the layers, and the angle
of incidence of the white light source striking the sur-
face of the filter. By varying the angle of incidence of
the filters, a preselected range of colors may be pro-
duced.

The dichroic filters for use with the present inven-
tion may comprise numerous commercially available
filters made from dielectric film coating on glass or the
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like. The dichroic film is made of multiple layers in
which alternate layers have low and high indexes of
refraction, respectively.

Referring now to FIG. 2, three subassemblies or
modules 2, 4 and 6 are connected in optical series re-
lationship with their frames 10 (shown in phantom)
abutting to form a single tubular arrangement. Each
module has a set of three dichroic filters which are
pivotable in the manner described above with refer-
ence to the filters 20 of FIG. 1.

The sets of filters of FIG. 2 are shown rotated to
different positions. Module 2 shows filter set Awith its
filters in the closed position in which they intercept
substantially all of the light rays passing through mod-
ule 2.

Module 4 shows filter set B with its filters aligned
substantially parallel to the longitudinal axis 12. This
position will be referred to as the open position in
which the filters intercept essentially none of the light
rays passing through the module.

Module 6 shows filter set C with its filters dis-
posed in an intermediate position between the open
and closed positions. The actual intermediate posi-
tion shown in FIG. 2 is such that the planes defined
by the filters of set C are each disposed at 45-degree
angles to the longitudinal axis 12.

In the embodiment shown in FIG. 2, all of the fil-
ters of each set have their axes of pivotable move-
ment intersecting the primary axis 12 at a common
point. In the preferred embodiment, the axes of pivo-
tal movement of the filters of each set define a radial
plane. The present invention contemplates various al-
ternative configurations in which the filters of each
set are staggered in position so that their axes do not
intersect the primary axis 12 at a common point. In
one such configuration, the axes of pivotal movement
of the filters within each set are spaced apart slightly
along the primary axis 12 so that the filters, when in
the closed position, have the appearance of stairs in
a spiral staircase.

In a preferred arrangement, the filters of set A
consist of long-wave pass amber filters, the filters of
set B consist of short-wave pass blue filters, and the
filters of set C consists of complex-color magenta fil-
ters. In such an arrangement, the lighting instrument
is capable of producing a large selection of beam col-
ors due to the combined effect of the three sets of fil-
ters in series.

It will be appreciated that at least some degree of
white light is passed through module 6 if the filters
therein are positioned in intermediate positions other
than a range of positions near the closed position. In
like manner white and colored light leaving module 6
may pass partially around the filters of module 4 if
they are notin the closed or near the closed position.
The same is true of light passing through module 2.

Referring now to FIG. 3, a preferred drive mech-
anism for pivoting the filters 20 will be described.
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Each set of three filters is pivoted under the control
of a bi-directional stepper motor 26 mounted to the
frame 10 in a suitable manner (not shown). The shaft
28 of the motor 26 terminates in a worm gear 30. A
worm wheel 32 is mounted on one of the filter sup-
porting wheels 22 by means of a drive shaft 34. Each
filter supporting wheel 22 has a geared periphery
which engages complementary gear teeth on ring
gear 24 as schematically depicted in FIGS. 2 and 3.
Because the filter supporting wheels 22 are the same
size and each is driven by a ring gear 24 common to
each module, all three filters of each module are ro-
tated in synchronization. The motor 26 may be energ-
ized by a conventional control system (not shown)
comprising motor driver circuits, feedback sensors,
and suitable electronic control circuits. Referring
again to FIG. 2, it will be appreciated that each filter
set A, B and C is independently pivotable under the
control of a separate drive motor 26.

Referring now to FIG. 4, a lighting instrument in-
cluding the assembly of FIG. 2 is shown assembled
in a cylindrical exterior housing 48. It will be appreci-
ated that housing shapes other than cylindrical may
also be employed. The housing 48 provides a means
for mounting and protecting the filter modules and
other components to be described. Conventional
mounting hardware (not shown) is employed. The
housing 48 is closed at the front end by bulkhead 50
and at the back end by bulkhead 52.

A lamp 40 and reflector 42 are mounted on the
back bulkhead 52. The lamp 40 and reflector 42 serve
as a light source to project a beam of light along the
longitudinal axis 12. The beam first passes through
pivoting filter set C, then passes through pivoting fil-
ter set B, and finally passes through pivoting filter set
A

A lenticular front glass 54 is also disposed trans-
verse to axis 12, and intercepts the beam of light after
the beam passes through pivoting filter set A. The
glass directs the beam to provide a beam shape char-
acteristic of wash luminaries. The glass is mounted in
an aperture centered in front bulkhead 50.

The lighting instrument of FIG. 4 may be em-
ployed as one of many such instruments in an auto-
mated system such as described in the 4,392,187 pa-
tent. In such a system, means are provided for sus-
pending the lighting instrument, controlling its orien-
tation and controlling such beam parameters as diver-
gence and intensity. The lighting instrument of FIG. 4
depicts a unique arrangement of pivotal filters for con-
trolling beam color and saturation.

To control beam intensity, lamp 40 may be a low-
voltage incandescent type, such as a tungsten-halo-
gen lamp, and may be coupled to an electronic dim-
mer (not shown). Alternately, lamp 40 may be an arc
lamp, such as a metal-halide discharge lamp and may
be modulated in brightness or intensity by conven-
tional mechanical dimming means (not shown)
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mounted within housing 48.

A preferred technique for supporting the filters in
tubular frame 10 is illustrated in FIG. 5A. A center sup-
port member 60, which preferably is a long aluminum
bar of hexagonal cross-section, is supported within
frame 10 by radial arms 62. The arms 62 have thread-
ed ends secured in the member 60. Threaded fasten-
ers 64 secure the arms 62 to the frame 10.

Referring now to FIGS. 5B and 5C, an alternate
arrangement of six dichroic filters is shown arranged
radially about center support member 60. Each filter
is fastened at its inner end to support member 60 by
a U-shaped clip 66. Each clip 66 is rotatable with re-
spect to the support member 60. Each filter 20 is sup-
ported at is outer end by a gear wheel 22 which has
a U-shaped channel 72 on its inner fact for receiving
the filter. Each gear wheel 22 is rotatably supported
just inside the frame 10 by a bushing 68 secured in
the frame wall. Alow friction spacer or bearing 70 sep-
arates the gear wheel 22 from the bushing 68.

Each gear wheel has a hollow shaft 76 extending
through the bearing 70 into the bushing 68. The ma-
terial of the bushing 68 is chosen to present a mini-
mum of friction between the bushing and the shaft 76
of the rotating gear wheel 22.

The gear wheels 22 are coupled for synchronous
rotation by a ring gear 24, seen best in FIG. 5C. The
ring gear 24 is maintained in engagement with the
gear wheels by bearings 78 secured to the frame by
suitable fastening means. To accomplish the rotation,
one filter supporting wheel 22 is fitted with a drive
shaft 34 which is inserted into the hollow shaft 76 of
the selected wheel 22 and secured therein by a suit-
able adhesive. A worm wheel 32 is attached to drive
shaft 34 to provide for motorized operation of the piv-
oting-filter assembly as described above with refer-
ence to FIG. 2.

The preferred shape of the filters employed in the
embodiment of FIG. 5B is illustrated in FIG. 5D. The
filter 20 is a six-sided irregular polygon having two
parallel sides for mounting as described above. The
shape of the filter is selected so that the arrangement
of sic such filters depicted in FIG. 5B will intercept
substantially all of the light rays of the light beam in
the intermediate positions between the fully closed
position and the 45 degree position (i.e., half way be-
tween the fully closed and fully open positions).

It will be appreciated that embodiments of the in-
vention can be constructed with any number of filters.
The six-filter per set embodiment of FIG. 5B is be-
lieved to provide an optimum stage-lighting instru-
ment. The three-filter per set embodiment of FIG. 4 is
more suitable for smaller track lighting instruments for
use in offices and is easier to illustrate in perspective
view than the embodiment of FIG. 5§B. One skilled in
the art will readily appreciate the resulting structure
achieved by substituting three modules of the six-fil-
ter embodiment of FIG. 5B for the modules 2, 4 and
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6 of FIG. 4.

ASSOCIATED ACTUATION MECHANISMS

Figure 6 illustrates a lighting instrument accord-
ing to another embodiment of the present invention.
This embodiment features an alternative filter actua-
tion mechanism for providing improved actuation con-
trol. As shown in Figure 6, the lighting instrument in-
cludes a cylindrical frame 10 and multiple sets of color
filters 20 mounted therein. Each set of filters 20 is dis-
posed spaced apart along the longitudinal axis of said
frame. The filters 20 are supported within the cylin-
drical frame 10 by large filter carriers 100 and small
filter carriers 102. Each of the large filter carriers 100
rotates within a bushing 70. Each of the large filter
carriers 100 includes a channel 72 for receiving one
of the color filters 20 and a carrier shaft 34, which ex-
tends through bushing 70 and protrudes through one
of a plurality of openings along frame 10.

Figure 7 is an expanded view of an outside por-
tion of frame 10, showing mechanisms for coupling
two sets of color filters 20. Alength of spring wire 104
is secured to carrier shaft 34 and extends outwardly
through and from slot 106 at the end of carrier shaft
34. The outward extension of spring wire 104 includes
a straight portion for actuation linkage with coupling
block 116. The spring wire 104 is preferably made
with stainless steel.

Each of the coupling blocks 116 is pivotally
mounted on ring 108 with a mounting post 117 and in-
cludes a hole through which the straight portion of
spring wire 104 extends. The ring 108 encircles frame
10 and is rotatably supported on frame 10 by a plur-
ality of rollers 110 attached to tabs 112 on ring 108.
Rollers 110 are secured to tabs 112 by axle pins 114
driven through holes formed in the tabs. The ring 108
is preferably made from a semi-flexible, high-
temperature thermoplastic such as polyphenylene
sulfide with glass fiber reinforcement, which is similar
to the Ryton material manufactured by the Phillips
Petroleum Company.

With the above coupling mechanism, it can be
seen that rotation of the ring 108 about the center of
the cylindrical frame 10 will cause the color filters 20
to rotate about their respective axes, each of the re-
spective axes being generally transverse to the long-
itudinal axis of the cylindrical frame 10.

Figure 8 illustrates the driving mechanism ac-
cording to the present invention. The driving mecha-
nism may be a stepper motor 122 supported by a mo-
tor mount 124, which in turn is mounted on the frame
10. The stepper motor 122 includes a shaft 121 which
is extended or withdrawn by the reversible action of
the stepper motor 122. One end of the shaft 121 is en-
gaged to a flexible bracket 123 which is preferably
made from spring steel. This bracket 123 is secured
toatab 127. The tab 127 is part of the ring 108. Thus,
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when the motor 122 is driven in one direction, the
shaft 121 extends, pushing on bracket 123 and tab
127 and thereby rotating the ring 108 about the cen-
tral or main axis 12 of frame 10 and substantially con-
centrically with respect to frame 10. When the motor
122 is driven in the reverse direction, the ring 108 cor-
respondingly rotates in the opposite direction.

The coupling mechanisms including the filter car-
rier shaft 34, spring wire 104 and the coupling blocks
116 allow for at least three degrees of freedom of
movement. First, as the ring 108 rotates back and
forth and the coupling blocks 116 travel past the
shafts 34, the coupling blocks 116 pivot on their
mounting posts 117 to accommodate the changing
angle between the coupling blocks 116 and the filter
carrier shafts 34.

Second, the distance between the coupling block
116 and the filter carrier shaft 34 varies as the ring
108 rotates. The spring wire 104 passes through a
hole in the coupling block 116, but is otherwise not at-
tached to the coupling block 116. The straight portion
of the spring wire 104 is long enough to remain flex-
ibly linked to the pivoting coupling block 116 at either
extremes of travel, thereby accommodating the vary-
ing distance.

Third, the angle of elevation of the coupling block
116 with respect to the end of the filter carrier shaft
34, as viewed from the end of the cylindrical frame 10,
varies as the ring 108 rotates, owing to the curvature
of the frame 10. The straight portion of the spring wire
104 bends slightly to accommodate the varying an-
gle.

With the drive and coupling mechanisms accord-
ing to this embodiment of the invention, the filters 20
can be actuated through moving components having
significantly reduced amounts of friction. Thus, the
movement of the filters 20 and the filter carriers 100
has a very low backlash, especially when compared
with a gear-driven arrangement. Therefore, a more
energy efficient actuation mechanism with more pre-
cise actuation control is obtained.

Another improvement derivable from the present
embodiment is attributed to the flexibility of the ring
108, which allows the cylindrical frame 10 to stray
from being perfectly circular in cross section. The
frame 10 may then be a relatively inexpensive sheet
metal as opposed to a precision casting. If the frame
10 is slightly out-of-round, the semi-flexible ring 108
compensates for small distortions in the shape of the
frame, riding over the slightly varying surface on the
rollers 110.

Again, referring to Figure 7, the semi-flexible ring
108 includes a plurality of slots 128 through which a
guide post 130 can be inserted. The guide post 130
is attached to a carrier mounting bracket 132, which
in turn is mounted on frame 10. As ring 108 rotates
substantially concentrically with respect to the cylin-
drical frame 10, slots 128 and guide posts 130 main-
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tain the longitudinal position of ring 108 and also limit
the extent of travel of ring 108 around the frame 10.

Thus, the ring 108 is maintained in substantially
the same longitudinal position so that spring wires
104 do not come out of the holes in pivoting coupling
blocks 116. The extent of travel of ring 108 is physi-
cally limited by slots 128 and guide post 130 so that
the ring 108 cannot be overdriven to the extent that
the pivoting coupling arrangement is damaged.

The large color filter carriers 100 also incorporate
travel-limiting features. As shown in Figure 10, large
filter carriers 100 include two end-of-travel stops 140
and 142 molded therein to limit the range of rotation
of the filters 20. The angle between the two stops is
carefully chosen so that the color filters 20 are paral-
lel to the longitudinal axis 12 when fully open, and so
that the color filters 20 do not touch each other when
fully closed.

Again referring to Figure 7, the length of slots 128
is carefully chosen so that ring 108 can be driven
slightly farther in the open direction than filter carri-
ers 100 will pivot. Spring wires 104 bend slightly in
such a case so the flexible couplings are not dam-
aged. Stepper motors 122 can be controlled by a mi-
croprocessor and memory based control system such
as the system described in U.S. Patent No. 4,980,806
to Taylor et al., the disclosure of which is incorporated
herein by reference. When the control system is ini-
tialized, the motor control subsystem calibrates the
mechanism by driving the stepper motors 122 in the
direction which opens the color filters 20. The motors
are driven to the physical end-of-travel stops to en-
sure that all color filters 20 are set to a known position
parallel to the main longitudinal axis 12 of the lighting
instrument. No end-of-travel sensors are required, as
the motor control subsystem can simply drive the
stepper motor a few steps more than the number of
steps required for the full range of travel, and there-
after begin counting and recording the number of
steps moved. The control system maintains in mem-
ory arecord of the current position of the correspond-
ing filter set. The filters may then be driven open-loop,
eliminating any requirements for end-of-travel sen-
sors and control circuitry interface with such sensors.

Another feature of the present invention relates
to the mounting arrangement of the filters 20 and
small filter carriers 102. Figure 9 is an expanded view
of a portion of the light instrument at or near the hub
139. As shown in Figure 9, the hub 139 is suspended
within frame 10 by support rods 134. The hub 139 in-
cludes a plurality of holes 136 into which are inserted
small filter carriers 102. A compression apparatus,
such as finger springs 138, mounted within hub 139
exerts pressure on the ends of small filter carriers
102 to press the combination of small filter carriers
102, filters 20, and large filter carriers 100 against
bushing 70 mounted on the inner surface of frame 10.
The finger springs 138 maintain the radial alignment
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of the coupling mechanisms including coupling blocks
116 and spring wires 104.

The present invention also contemplates applica-
tions other than for stage lighting. For example, a
large lighting apparatus such as a search light for il-
luminating the night sky with different colored beams
can be constructed using the foregoing techniques. In
such an embodiment of the invention, a much larger
number of pivoting filters is contemplated so as to
minimize the axial dimension of the filter assembly. It
will be appreciated that the disclosed radial arrange-
ment of filters is ideally suited to the projection of a cir-
cular light beam and provides econimic and perfor-
mance advantages over square or rectangular filter
arrangements.

THERMAL MANAGEMENT TECHNIQUES

Figure 11 illustrates the thermal management
features of the present invention. The instrument in-
cludes a lamp housing 48 suspended within a moto-
rized yoke assembly 165. The lamp housing of the
present invention is preferably of the size of approxi-
mately 10 inches in diameter and 16 inches in length.
Figure 12 illustrates a cross section view of the inter-
ior of the instrument according to the present inven-
tion. Alight source 40, for example a 1000 watt incan-
descentlamp, is mounted within a reflector 42 for pro-
ducing a light beam, which includes a visible portion
and an infrared portion. Most of the heat generated by
the beam is from the infrared portion. The reflector 42
is preferably made of heat resistant glass and is pre-
ferably coated on the side facing the lamp 40 with a
multiple-layer dielectric film forming a "cold mirror",
which is capable of reflecting visible light while allow-
ing heat rays to pass through the film. A cold mirror
coated reflector, along with other beam adjusting de-
vices, are also described in our EP-A-0511829 filed
28th April 1992, entitled "Improvements In High Inten-
sity Lighting Projectors", the disclosure of which is in-
corporated by reference herein.

The reflector 42 is thermally connected to a heat
sink 52, which is preferably made of cast aluminum.
Preferably, the areas of contact of the heat sink 52
and reflector 42 may be finished with a slightly flat re-
gion for providing better thermal contact.

The rear surface of the glass reflector is disposed
proximally to the body of the heat sink. Most of the
heat rays directed at the reflector pass through the
film and glass substrate of the reflector 42 and strike
the heat sink 52 which absorbs the rays as heat. A
lesser amount of the heat rays are absorbed by the
glass substrate of reflector 42 and are dissipated by
convection through the vent holes and by radiation to
the heat sink 52.

The heat sink 52 includes a plurality of fins 57
formed in its rear portion, thereby providing increased
surface area from which to radiate heat and provide
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increased free convection. The protruding fins 57 are
oriented vertically so that hot air can flow freely up-
ward between the fins, resulting in free convection
unobstructed by the fins themselves. The base of the
lamp 40 is coupled to a socket mounted within a cav-
ity formed in the heat sink 52. An end cap 58 is instal-
led over the end of the heat sink 52 to serve as a light
baffle. A cavity between the heat sink 52 and the end
cap 58 provides space through which hot air can es-
cape from around the lamp 40. The cavity functions
as a chimney to cool the lamp socket when the lamp
housing points straight down. The heat sink 52, lamp
40, and reflector 42 may be disposed at one end of
the lamp housing 48. The light beam is directed
through an exit aperture at the other end of the lamp
housing 48.

Most of the heat produced by the lamp 40 passes
through the cold-mirror coating of reflector 42 and is
dissipated by radiation and convection via the glass
substrate of the reflector and heat sink 52. The visible
and cooler portion of the beam is projected out of the
housing 48 for illuminating entertainers or the stage.
Since the reflector 42 and heat sink 52 remove most
of the heat, the optical elements and other system
components disposed in the path of the beam are
protected from excessive thermal stress.

Figure 13 illustrates the lamp housing 48 with the
covers 156, 158 removed to expose the filter actuat-
ing mechanisms. These are driven by motors 122,
which are fitted with finned heat sinks 125 and are in-
stalled in a non-metallic molded motor mount 124,
which is preferably made of composed material with
low thermal conductivity. Ryton is used in the prefer-
red embodiment. The motor mount 124 is in turn in-
stalled upon a metal plate 144 suspended a short dis-
tance away from the cylindrical bulkhead 10. The met-
al plate 144 acts as a shield against heat radiation
emanating from the bulkhead 10. Thus, the motor is
protected against failure due to excessive heat build-
up within the housing of the motor by (1) the metal
plate heat shield 144 which blocks heat radiation and
convection from the bulkhead 10, (2) by the thermal-
ly-isolating motor mount 124 which resists heat con-
duction, and (3) by the finned heat sink 125 which
tends to dissipate heat produced by electric current
passing through the windings of the motor.

Again referring to Figure 12, it may be recalled
that the glass color filters 20 are supported within the
bulkhead 10 by metal center filter carriers 102, metal
outer filter carriers 100 and plastic bushings 70. The
metal center filter carriers 102 are supported by a hub
assembly 139 disposed generally along a longitudinal
axis of the lamp housing and in the direct path of the
light beam. The metal center filter carriers 102 are
made of a material which is resistant to deformation
due to heat. The metal outer filter carriers 100 are
supported by carrier holders 132 fastened to the out-
er surface of the bulkhead 10. The carrier holders in-
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clude fins 133 which radiate heat absorbed from the
bulkhead 10.

A heat resistant glass lens 54 is disposed across
the exit aperture of the lamp housing 48 and is sup-
ported by a front ring 148. A plurality of ventilation
holes 150 formed in the front ring permit air to pass
through the ring. Ventilation holes formed in the front
portion of the bulkhead 10 permit air to pass through
the bulkhead 10. Light baffles 156, 158 mounted to
the cylindrical bulkhead block stray light rays from the
beam. Heat deflector 155 blocks heat radiation and
convection from the heat sink 52 to the motors. Metal
covers fit around the bulkhead 10 enclosing the mo-
tors and filter actuation mechanisms and form an air
chamber surrounding the cylindrical bulkhead. Venti-
lation holes 160 formed in the covers permit air to
pass through the covers. A hump 162 is formed in
cover 158 to accommodate the motors 122 installed
in the thermally isolating motor mounts 124. Ventila-
tion holes 163 formed in the hump permit air to pass
through the hump. The metal plates 144 upon which
the motor mounts are supported form an air chamber
under the bump which is separate from the air cham-
ber surrounding the cylindrical bulkhead 10. Hot air
surrounding the bulkhead is prevented from mixing
with air surrounding the filter actuating motors 122.
The lamp housing 48 is cooled by convection as hot
air escapes through some of the ventilation holes
while relatively cooler air is drawn in through other
ventilation holes.

The lamp housing 48 is suspended within the mo-
torized yoke assembly 165 supported by thermally in-
sulating plastic tilt axles 164. The yoke assembly 165
encloses motorized mechanisms 166, 168 (See Figs.
15 and 16) for remotely adjusting the position of the
lamp housing with respect to azimuth and elevation.
Control electronics 170 responsive to a control signal
input may also be enclosed within the yoke assembly.
The electronics include motor drive circuits for actuat-
ing the motors of the position adjusting mechanism
and the filter actuation mechanism. Metal plates 171,
172 and 173 interposed between the lamp housing
and the yoke assembly are attached to a yoke cross
member 174 and to each of two yoke legs 175, 176
and serve as heat shields protecting the yoke assem-
bly from hot air and heat radiation emanating from the
lamp housing 48. The position adjusting motors and
electronic control circuits are protected from failure
due to excessive heat build-up within the yoke as-
sembly 165 by the effect of metal plates 171, 172 and
173.

The various thermal management features here-
in disclosed are designed to work in any orientation
of the lamp housing since a principal feature of the
lighting instrument is its ability to pan and tilt the lamp
housing to a variety of orientations.

Although several embodiments of the invention
have been illustrated in the accompanying Drawings
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and described in the foregoing Detailed Description,
it will be understood that the invention is not limited
to the embodiments disclosed, but is capable of nu-
merous rearrangements, modifications, substitution
of parts and elements without departing from the spir-
it of the invention.

Claims

1. Alighting instrument having variable parameters,
comprising:

a light source for producing light having a
visible portion and an infrared portion;

a housing having an inner frame and first
and second ends for enclosing said light source
near said first end;

areflector disposed proximally to said light
source for reflecting a portion of said light forming
a beam projected toward said second end, said
reflector including a cold mirror film capable of re-
flecting said visible portion and transmitting said
infrared portion of said light;

a heat sink disposed proximally to said re-
flector for dissipating heat from said infrared por-
tion of light which passed through said reflector;

a moveable color filter mechanism mount-
ed to said frame in the path of said beam for vary-
ing the color of said beam; and

at least one motor for driving said color fil-
ter mechanism.

2. Alighting instrument according to claim 1, where-
in said heat sink includes heat conductive fins
disposed externally to said frame.

3. Alighting instrument according to claim 1, where-
in said heat sink is metallic.

4. Alighting instrument according to claim 1, further
including a thermally isolating motor mount hav-
ing low heat conductivity for mounting said motor
to said frame; a heat shield plate supporting said
motor mount, and a finned heat sink coupled to
said motor.

5. Alighting instrument according to claim 1, where-
in said housing includes ventilation holes for en-
hancing air flow through said housing.

6. Alighting instrument according to claim 1, where-
in said frame includes ventilation holes for en-
hancing air flow through said frame.

7. Alighting instrument according to claim 1, further
including a yoke attached to said housing, said
yoke having motors for panning and tilting said
housing.
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Alighting instrument according to claim 7, further
including means for thermally shielding said yoke
from said housing.

Alighting instrument according to claim 7, further
including electronics for accepting a remote con-
trol input and for controlling said motors in said
yoke and said housing.

Alighting instrument according to claim 1, further
including a plurality of light baffles mounted to
said frame for blocking stray light ray from said
beam.

Alighting instrument according to claim 1, further
including means for mounting said motor external
to said frame and for thermally isolating said mo-
tor from said frame.

A motorized lighting instrument comprising:

a housing for enclosing a light source in a
free air-flow environment;

reflector means for reflecting light from
said light source for forming a light beam, said re-
flector including means for passing through heat
rays from said light source;

means for dissipating heat from said re-
flector and said light source;

means for selectively modifying said beam
including moveable color filter means disposed in
the path of said beam for varying the color of said
beam;

motor means for driving said color filter
means;

means for dissipating heat generated by
said motor means; and

means for isolating the air-flow environ-
ment surrounding said motor means from the air-
flow environment surrounding said color filter
means.

A motorized lighting instrument according to
claim 12, further including ventilation means for
enhancing free air-flow through said housing.

A motorized lighting instrument according to
claim 12, further including yoke means for sus-
pending said housing, said yoke means further
including means for pivoting said housing in pan
and tilt directions.

A motorized lighting instrument according to
claim 14, further including means for isolating the
air-flow environment surrounding said housing
from the air-flow environment surrounding said
yoke means.
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