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[57] ABSTRACT

A lamp module includes a lamp-reflector assembly sup-
ported within a plastic lamp frame for installation within an
image projector to direct light toward a projection engine of
the image projector. The lamp-reflector assembly includes a
light source accurately positioned near the crown ol an
elliptical reflector and a plurality of precisely sized kine-
matic mounting features accurately spaced around the
periphery of the reflector for mating with a plurality of
complementary mounting points accurately located on the
image projector about a light-path aperture of the projection
engine. The kinematic mounting features preferably include
a flat, a cone, and a V-groove; and the mounting points are
preferably three convex hemispherical surfaces. Mating the
kinematic mounting features to the mounting points imparts
six independent constraints, three translational and three
rotational, to eliminate the six degrees of positional freedom.
Alternatively, the kinematic mounting features are spaced
about the light-path aperture, and the hemispherical mount-
ing points are formed directly onto the reflector about its
periphery. A biasing mechanism biases the lamp-rellector
assembly toward the light-path aperture to seat the kinematic
mounting features against the mounting points and thereby
precisely orient the lamp-reflector assembly relative to the
light-path aperture.

15 Claims, 8 Drawing Sheets
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1
LAMP MODULE WITH KINEMATIC MOUNT

TECHNICAL FIELD

The present invention relates to image projection devices
and, in particular, to devices and methods for mounting a
replaceable reflector-lamp module (o such projection
devices.

BACKGROUND OF THE INVENTION

Projection systems have been used for many years to
project motion picturcs and still photographs onto screens
for viewing. More recently, multimedia projection systems
have become popular for conducting sales demonstrations,
business meetings, and classroom instruction.

In a common operating mode, multimedia projection
systems receive analog video signals from a personal com-
puter (“PC”). The video signals may represent still, partial-,
or full-motion display images of a type rendered by the PC.
A projection engine of these multimedia projection systems
includes a light source, an image-forming device, and opti-
cal components for directing images onto a screen. The light
source typically includes a replaceable lamp module for
generating and directing light toward the image-forming
device before it is projected on the screen. Lamp modules
include a lamp-reflector assembly having a concave reflector
and a lamp or burner accurately mounted near the focal point
of the concave reflector. Because lamps have limited life
expectancy, lamp modules are designed to be replaced in the
field by a user of the projection system.

Significant effort has been invested into developing pro-
jectors producing bright, high-quality color images.
However, the optical performance of conventional projec-
tors is often less than satisfactory. For example, suitable
projected image brightness is difficult to achieve, especially
when using compact portable color projectors in a well-
lighted room. The intensity of the light that can be generated
by the lamp is one limitation of compact projectors. To
maximize the intensity of light directed toward the image-
forming device, an elliptical reflector is often used in the
lamp-reflector assembly instead of a spherical or parabolic
reflector. However, for optimal results, elliptical reflectors
must be accurately positioned relative to a light-path aper-
ture of the projection engine within true position and par-
allelism tolerances of approximately +0.002 inch (0.05 mm),
making it impractical to adjust the position of the lamp-
reflector assembly after it is installed in the projector.

I'IG. 1 shows an exploded view of a prior art lamp module
10 that includes a mounting bracket 12 having a pair of
opposing channels 14 formed therein. Channels 14 are sized
to slide onto mounting rails locatcd within a projcctor (not
shown) for precise positioning of mounting bracket 12
without the use of tools. A cover plate 16 is securely
mounted to mounting bracket 12 and includes perforations
that allow airflow generated by a fan within the projector
(not shown) to pass through lamp module 10. A lamp-
reflector assembly 18 is held securely in place against an
adjustment plate 20 by a spring clip 22. Lamp-reflector
assembly 18 includes a collar 24 having a flat face 26 that
seats against pads 28 on the surface of adjustment plate 20
to fix the position ol lamp-reflector assembly 18 along the
X-axis. Collar 26 includes a groove (not shown) in which a
key 30 on the surface of adjustment plate 20 fits to maintain
the rotational position of lamp-reflector assembly 18.
Because pads 28 and key 30 are formed in sheet metal,
lamp-reflector assembly cannot be accurately positioned on
adjustment plate within the desired tolerances.
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Three screws 32 are inserted through three oversize holes
34 in adjustment plate 20 and threaded into three threaded
holes 36 in mounting bracket 12. Oversize holes 34 allow
the position of adjustment plate 20 (with lamp-reflector
assembly 18 mounted thereon) to be adjusted by the manu-
facturer in the Y- and Z-directions during the assembly of
lamp module 10. After adjusting the position of the adjusting
plate 20, screws 32 are tightened to fix the position of
adjustment plate 20 relative to mounting bracket 12. Typi-
cally the adjustment is performed while verifying the posi-
tional accuracy of lamp-reflector assembly 18 relative to
mounting bracket 12. This verification is accomplished by
sliding lamp module 10 onto a test fixture and measuring the
position of lamp-reflector assembly 18 or the light generated
by lamp-reflector assembly 18, relative to the test fixture.

Lamp module 10 is expensive to manufacture because
mounting bracket 12, adjustment plate 20, spring clip 22,
and screws 32 are all metal components. In particular,
adjustment plate is difficult to manufacture duc to the
accurately sized pads 28 necessary to locate lamp-reflector
assembly 18 in the X-direction. Heavy metal components
are also undesirable because they cause the projector to be
less portable, especially if a spare lamp module 10 is also
carried. The individual adjustment of each lamp module 10
in the Y- and Z-directions during assembly also contributes
significantly to the manufacturing cost of lamp module 10.

SUMMARY OF THE INVENTION

An object of the invention is, therefore, to provide an
apparatus and a method for accurately positioning a lamp-
reflector assembly in relation to a light-path aperture of an
image projector.

Another object of this invention is to provide such an
apparatus and a method [or use in a multimedia projection
system to provide improved display brightness and image
quality.

A further object of the invention is to provide such an
apparatus that reduces manufacturing costs by the use of
plastic components and by eliminating the need to manually
adjust the position of the lamp-reflector assembly during
assembly of either the apparatus or the image projector.

Yet another object of this invention is to provide an
apparatus that improves the portability of a multimedia
projector in which the apparatus is used.

These and other objects of the invention are accomplished
by a lamp module including a lamp-reflector assembly
supported within a plastic lamp frame that is connected to a
plastic lamp housing of an image projector. The lamp-
reflector assembly includes a light source accurately posi-
tioned near the crown of a concave reflector that is prefer-
ably of an elliptical shape to maximize the amount of light
directed toward a projection engine of the image projector.
A plurality of precisely sized kinematic mounting features
are accurately spaced around the periphery of the reflector
for mating with a plurality of complementary mounting
points accurately located on the image projector about a
light-path aperture of the projection engine. The kinematic
mounting features preferably include a flat, a cone, and a
V-groove; and the mounting points are preferably three
convex hemispherical surfaces.

Mating the kinematic mounting features to the mounting
points imparts six independent constraints, three transla-
tional and three rotational, to eliminate the six degrees of
positional freedom. The cone eliminates three translational
degrees of freedom, the V-groove eliminates two rotational
degrees of freedom, and the flat eliminates the third rota-
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tional degree of freedom. Kinematic mounting systems of
this type are known to be used for optics laboratory pur-
poses. Other kinematic mounting systems, in addition to the
flat-cone-groove type, are contemplated to be within the
scope of the present invention when they provide six inde-
pendent constraints. To reduce manufacturing costs, the
kinematic mounting features are formed in a ceramic collar
that is bonded to the reflector at its periphery using ceramic
cement. Alternatively, the kinematic mounting features are
spaced about the light-path aperture, and the hemispherical
mounting points are formed in the collar or directly onto the
periphery of the reflector. A biasing mechanism biases the
lamp-reflector assembly toward the light-path aperture to
seat the kinematic mounting features against the mounting
points and thereby precisely orient the lamp reflector assem-
bly relative to the light-path aperture.

The light source of the lamp-reflector assembly is pref-
erably a metal-halide arc lamp to project from the image
projector an image having a luminous flux ranging from
approximatcly 470 to approximately 550 lumens. The mctal-
halide arc lamp operates at temperatures in excess of 950° C.
at its surface. To facilitate cooling of the lamp module and
to reduce heat transfer from the light source to the projection
cngine, the concave rcflector is formed of glass and coated
with an infrared transmissive dichroic coating. The dichroic
coating, also known as a cold mirror coating, allows heat
energy radiating from the light source to pass through the
reflector while reflecting visible wavelengths of light. The
dichroic coating also transmits ultraviolet radiation to mini-
mize the degradation of plastic optical components and other
components ol the projection engine thal are sensitive Lo
ultraviolet light. The ceramic material of the collar and the
ceramic cement have a coefficient of thermal expansion that
is similar to that of the glass reflector so that the collar will
not separate from the reflector when in use. The lamp-
reflector assembly also includes a ceramic endcap on which
the reflector and light source are accurately positioned
relative to each other and to which the reflector and light
source are bonded with ceramic cement. An electric fan
positioned within the image projector adjacent the lamp
housing directs a cooling airflow through the lamp frame
and across the outer surface of the lamp-reflector assembly.
A slot in the collar holds a metal deflector fin for deflecting
airflow into the concave region of the lamp-reflector assem-
bly to cool the light source and the concave surface of the
reflector.

‘The projection engine includes a condenser tube and a
projection engine housing that are both formed of cast
magnesium for light weight, strength, and machinability and
to conduct heat away from optical elements and an image
forming device of the projection engine. The condenser tube
defines the light-path aperture and includes a mounting face
on which the hemispherical mounting points are positioned.
To provide superior light quality and intensity to the pro-
jection engine, the lamp-reflector assembly is positioned
relative to the light-path aperture within positional and
parallelism tolerances of approximately +0.002 inch (0.05
mm). However, positional and parallelism errors of up to
+0.020 inch (0.05 mm) will produce satisfactory results in
most multimedia image projection applications that use an
elliptical reflector. Parabolic and spherical reflectors require
less accurate positioning. To attain the desired positioning
accuracy, the hemispherical mounting points are precisely
machined of hardened steel and fitted within holes that have
been reamed in the mounting face of the condenser tube after
it is cast. The mounting points are coated with a TEFLON
coating to reduce friction and facilitate proper seating of the
kinematic mounting features against the mounting points.
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The lamp-reflector assembly is supported within the lamp
frame so that an outer face of the collar rests against an
interior side of a leading wall of the lamp frame. The biasing
mechanism preferably comprises three coil springs each
connected at one end to the lamp frame proximal to the
leading wall and at the other end to a lamp retainer plate that
is positioncd against a distal cnd of thc cndcap of the
lamp-reflector assembly. The coil springs pull the lamp-
reflector assembly toward the interior side of the leading
wall. The lamp module connects to the lamp housing by two
screws that fit through holes in the lamp frame and thread
into threaded inserts in the lamp housing. The lamp housing
and lamp frame are sized so that tightening the screws
causes the kinematic mounting features to fully engage with
the hemispherical mounting points. Tightening the screws
also causes the lamp frame to be drawn toward the con-
denser tube to create a small gap between the lamp-reflector
assembly and the interior side of the leading wall of the lamp
frame, consequently causing the biasing mechanism to apply
grealer force Lo press the lamp-reflector assembly against the
condenser tube. Other biasing mechanisms may also be
employed. Non-limiting examples of such alternative bias-
ing mechanisms include a leaf spring placed between a back
wall of the lamp frame and the lamp-reflector assembly, and
magnets positioned on each of the condenser tube and the
lamp-reflector assembly that result in attractive magnetic
forces when placed in proximity to each other.

Once the lamp module is connected to the lamp housing,
an electrical connector of the lamp module slides to elec-
trically couple the lamp module to a power supply of the
image projector and to lock the lamp module in place so that
the lamp module cannot be removed without disconnecting
it from the power supply. When changing a burnt-out lamp
module, the plastic lamp frame prevents a user from touch-
ing the potentially hot surfaces of the lamp-reflector assem-
bly.

Additional objects and advantages of this invention will
be apparent from the following detailed description of
preferred embodiments thereof which proceeds with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a prior art lamp
module;

FIG. 2 is a perspective side view of a partly disassembled
image projector showing a lamp module in accordance with
the present invention with a biasing mechanism of the lamp
module omitted;

FIG. 3 is an enlarged perspective view of the lamp module
of FIG. 2 showing a concave reflecting surface of a lamp-
reflector assembly of the lamp module;

FIG. 4 is a perspective view of a projection engine of the
image projector of FIG. 2 and the lamp module of FIG. 2;

FIG. 5 is a perspective view a lamp-reflector assembly of
the lamp module of FIG. 2;

FIG. 6 is a top plan view of the lamp module of FIG. 2;

FIG. 7 is a back, side, and bottom perspective view of the
lamp module of FIG. 2 with a portion of an underside of
lamp module cut away to show detail of the biasing mecha-
nism;

FIGS. 8A and 8B are respective side and front elevation
views of an alternative embodiment of a reflector of the
lamp-reflector assembly; and

FIG. 9 is a perspective view of internal components of the
image projector of FIG. 2 showing the lamp module opera-
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tively positioned in a lamp housing and further showing
screws in the disassembled position.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

F1G. 2 shows a pictorial view of a multimedia image
projector 50 and a lamp module 54, which represent a first
preferred embodiment of the present invention. With refer-
ence to FIG. 2, lamp module 34 includes a lamp-reflector
assembly 58 supported within a plastic lamp frame 62.
Image projector 50 includes an cnclosurc 66 having an
access opening 68 through which lamp module 54 may be
slidably inserted and removed along the path generally
indicated by an arrow 70. A male electrical connector 72 is
slidably mounted to lamp frame 62 and wired to lamp-
reflector assembly 58. After a user inserts lamp module 54
fully within enclosure 66, the user pushes a tab 73 to slide
male connector 72 into electrical connection with a female
electrical connector 74 that is fixedly mounted within enclo-
sure 66. Access opening 68 is then covered by an access
panel (not shown) that snaps into place and is secured to
enclosure 66 by a pair of latches 75.

FIG. 3 shows an enlarged pictorial view of lamp module
54 rotated to show detail of lamp module 54 not visible in
FIG. 2. FIG. 4 shows a pictorial view of lamp module 54 and
a projection engine 76 of image projector 50. With reference
to FIGS. 3 and 4, projection engine 76 includes a lamp
housing 78 defining a cavity 80 into which lamp module 54
may be inserted and removed. Projection engine 76 includes
a body 88 that encloses electronic and optical components
(not shown) for generating color images in response to an
external data signal received by image projector 50 (FIG. 2).
Images generated within projection engine 76 are projected
through a projection lens 92 mounted on body 88. A con-
denser tube 98 is securely mounted to body 88 and includes
a light-path aperture 100 sized to receive substantially all of
the visible light projected from lamp module 54 when it is
inserted in its operating position within cavity 80. Body 88
and condenser tube 98 are manufactured of cast magnesium
alloy for its light weight, machinability, strength, and heat
dissipation. Lamp frame 62 and lamp housing 78 are both
injection molded of cither RYTON, a polyphenylenc sul-
phide resin sold by Phillips Chemical Company, Houston,
Texas, or ULTEM, a polyetherimide resin sold by GE
Plastics, Pittsfield, Massachusetts. Both RYTON and
ULTEM have high temperature resistance, strength, and
dimensional stability.

I'IG. 5 shows a pictorial view of lamp-reflector assembly
58 removed from lamp frame 62. With reference to FIGS.
3-5, lamp-reflector assembly 58 includes a concave reflector
106 having an axis of symmetry 108, and further includes a
light source 112 positioned adjacent reflector 106 along axis
of symmetry 108 near a focal point or crown 114 of reflector
106. To provide adequate light intensity and quality, light
source 112 is preferably a 270-watt, metal-halide arc lamp,
although light sources dissipating less than approximately
300 watts are suitable for use in portable multimedia image
projectors. Other light sources such as different types of arc
lamps, incandescent lamps, fluorescent lamps, burners,
photo diode modules, and lasers are not typically used to
achieve the light intensity and light quality required [or
multimedia image projectors, but are contemplated to be
within the scope of the invention. Reflector 106 may be
elliptical, parabolic, or spherical in shape, but is preferably
elliptical to maximize the brightness of the image projected
by projection engine 76. However, with an elliptical reflector
106, the operative alignment of lamp-reflector assembly 58
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with the optics and electronics of projection engine 76 is
important. This is so because elliptically shaped reflectors
reflect light toward a point rather than in a diffuse beam as
produced by parabolic and spherical reflectors. Because
lamp module 54 has a limited life span, it must be
replaceable, making undesirable any post-installation
adjustment of the position of lamp-reflector assembly 58
relative to light-path aperture 100.

To obtain sufficient relative positional accuracy and align-
ment between lamp-reflector assembly 58 and light-path
aperturc 100, lamp-reflector assembly 58 includes threc
precisely sized kinematic mounting features 120 accurately
spaced around a periphery rim 124 of reflector 106. Kine-
matic mounting features 120 preferably include a flat 128, a
cone 130, and a V-groove 132 equidistantly spaced about
periphery rim 124. Condenser tube 98 (FIG. 3) includes a
mounting face 136 that supports three hemispherical mount-
ing pins 140 accurately positioned around light-path aper-
ture 100 and sized to complement kinematic mounting
features 120. Lamp frame 62 includes a leading wall 144
having reliefs 146 which provide clearance for mounting
pins 140 as lamp module 54 is installed in cavity 80 so that
kinematic mounting features 120 mate with mounting pins
140. To ensure precise positioning of lamp-reflector assem-
bly 58, mounting pins 140 are precision machined of hard-
ened steel and press fit into holes that are reamed in
mounting face 136 after condenser tube 98 has been cast.
Mounting pins 140 are coated with TEFLON to reduce
friction and facilitate precise seating of kinematic mounting
features 120.

FIGS. 6 and 7 are respective top plan and bottom per-
spective views of lamp module 54 showing detail of a
biasing mechanism 152 of lamp module 54. With reference
to FIGS. 6 and 7, biasing mechanism 152 includes two upper
coil springs 154 and a lower coil spring 156 that cause
lamp-reflector assembly 58 to be forced toward an interior
side 158 of leading wall 144. Upper coil springs 154 are
positioned on either side of a spacer bracket 162 that spans
between leading wall 144 and a back wall 164 of lamp frame
62. Lower coil spring 156 is positioned centrally between
lamp-reflector assembly 58 and an undercarriage 168 of
lamp frame 62. Onc cnd of cach of the upper coil springs 154
connects to spacer bracket 162 proximal to leading wall 144,
and one end of lower spring 156 connects to an anchor hole
170 formed in undercarriage 168 proximal to leading wall
144. The other ends of upper and lower springs 154, 156 are
connected to three anchor points 174 on a lamp retainer plate
176 that is positioned against lamp-reflector assembly 58
opposite kinematic mounting features 120 so as to preload
upper and lower springs 154, 156. Anchor points 174 are
equidistantly spaced about axis of symmetry 108 and posi-
tioned so that coil springs 154 impart a biasing lorce 1o
lamp-reflector assembly 58 in a direction generally parallel
to axis of symmetry 108 when lamp module 54 is installed
in cavity 80, as further described below. Lamp retainer plate
176 and spacer bracket 162 are preferably made of alumi-
num for light weight, heat resistance, and strength. Biasing
mechanism 152 retains lamp-reflector assembly 58 within
lamp frame 62 while allowing it to float laterally within lamp
frame 62 and self-align as kinematic mounting features 120
are mated with mounting pins 140.

Kinematic mounting features 120 are formed in a ceramic
collar 180 to reduce the manufacturing cost of lamp-reflector
assembly 58. Collar 180 is bonded or “potted” to periphery
rim 124 of reflector 106 with ceramic cement compound
(not shown). Kinematic mounting features 120 may also be
formed directly in reflector 106 thereby eliminating the need
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for collar 180, but not without significantly increasing the
cost of lamp-reflector assembly 58. Lamp-reflector assembly
58 also includes a ceramic endcap 182 to which reflector 106
and light source 112 are accurately bonded using ceramic
cement. Collar 180, endcap 182, and the cement used in
lamp-reflector assembly 58 are made of ceramic for heat
resistance and because the thermal expansion properties of
ceramic closely resemble the thermal expansion properties
of reflector 106, which is formed of glass. Reflector 106 is
coated with an infrared transmissive dichroic coating that
transmits heat radiating from light source 112, while reflect-
ing substantially all light in the visible wavelength range. A
fan 188 positioned within enclosure 66 (FIGS. 2 and 7)
directs a cooling air flow through openings 190 in lamp
[rame 62 and across lamp-rellector assembly 58. A dellector
fin 192 is mounted on collar 180 to direct a portion of the
airflow into the concave region of reflector 106 to cool
reflector 106 and light source 112.

To ensure that lamp-reflector assembly 58 will cause
image projector 50 to generate the desired projected image
brightness, reflector 106 is bonded to collar 180 and placed
in a test fixture (not shown) before assembling light source
112 and endcap 182. The test fixture includes mounting pins
arranged [or seating kinematic mounting features 120 and an
aperture positioned at the theoretical focal distance from
reflector 106. After collar 180 and reflector 106 have been
bonded together and positioned in the test fixture, light
source 112 is positioned within retflector 106 near its crown
114 so that the light directed through the aperture of the test
fixture falls within test limits that correlate to the desired
image brightness to be projected by image projector 50.
Light source 112 and endcap 182 are then bonded to reflector
106. This asscmbly mcthod allows light source 112 to bc
offset from the focal point of reflector 106 to compensate for
slight alignment errors between reflector 106 and collar 180.
This assembly method also results in improved positioning
and brightness of the light directed into projection engine 76
by lamp-reflector assembly 58, without requiring further
adjustment of lamp-reflector assembly 58 after it is installed
in either lamp frame 62 or image projector S0.

FIGS. 8 A and 8B show respective side and front elevation
vicws of an altcrnatc cmbodiment of a reflector 106' includ-
ing hemispherical mounting points 140" formed therein. In
this embodiment, the kinematic mounting features (not
shown) are machined or formed in the mounting face of the
condenser tube. In this embodiment, it is possible to elimi-
nate the use of a ceramic collar, because mounting points
140" are easier to form in the glass material of reflector 106’
than the flat, cone, and V-groove of the kinematic mount.

FIG. 9 shows a pictorial view of lamp module 58 installed
within lamp housing 78. With rcference to FIG. 9, a pair of
screws 196 are inserted through mounting holes 198 in back
wall 170 of lamp module 54 and threaded into threaded
inserts 202 (FIG. 4) that have been insert molded or press fit
into lamp housing 78. Screws 196 are tightened to cause
lamp frame 62 to be drawn toward condenser tube 98 (FIG.
4). Lamp frame 62 and lamp housing 78 are sized so that
kinematic mounting features 120 contact mounting points
140 before screws 196 are fully tightened. Fully tightening
screws 196 results in a small gap (not shown) between
lamp-reflector assembly 58 and interior side 158 of leading
wall 144 of lamp frame 62. This gap allows lamp-reflector
assembly 58 to float so that kinematic mounting features
properly seat against mounting pins 140. It will be obvious
to one skilled in the art that other biasing mechanisms can
be used with lamp module 54 to bias lamp-reflector assem-
bly 58 toward condenser tube 98. The invention may also be
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employed without a biasing mechanism through the use of
a mounting bracket (not shown) designed to securely con-
nect lamp-reflector assembly 58 to condenser tube 98.

It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described
embodiments of this invention without departing from the
underlying principles thereof. The scope of the present
invention should, therefore, be determined only by the
following claims.

‘What is claimed is:

1. A lamp module for use in an image projector having a
light-path aperture, the lamp module comprising;:

a prefocused lamp-reflector assembly including a concave
reflector having a crown and bounded by a periphery
rim, a light source fixedly positioned adjacent the
crown of the concave reflector, and a collar rigidly
mounted to the periphery rim of the concave reflector;
and

a plurality of kinematic mounting features formed in the
collar in a predetermined spatial relationship for seating
against corresponding ones of a plurality of comple-
mentary hemispherical mounting points located on the
image projector around the light-path aperture to pre-
cisely orient the lamp-reflector assembly adjacent the
light path aperture when the lamp-reflector assembly is
urged toward the mounting points.

2. The lamp module of claim 1, [urther comprising a
biasing mechanism, the biasing mechanism urging the lamp-
reflector assembly toward the mounting points to seat the
kinematic mounting features against the mounting points
and thereby precisely orient the lamp-retlector assembly
relative to the image projector.

3. The lamp module of claim 2 in which the biasing
mechanism comprises a spring for operatively coupling the
lamp-reflector assembly to the image projector.

4. The lamp modulc of claim 3, further comprising a lamp
frame supporting the lamp-reflector assembly and mount-
able to the image projector so that the kinematic mounting
features are seated against the mounting points when the
lamp frame is mounted to the image projector, the spring
operatively coupling the lamp frame to the lamp-reflector
assembly to force the kinematic mounting features of the
lamp-reflector assembly against the mounting points of the
image projector when the lamp frame is mounted to the
image projection, the lamp module removable from the
image projector for convenient replacement of the lamp
module.

5. The lamp module of claim 1 in which the kinematic
mounting features, when seated against the mounting points,
provide six independent constraints on movement of the
lamp-reflector assembly that correspond to three transla-
tional and three rotational degrees of freedom.

6. T'he lamp module of claim 1 in which:

the concave reflector has an axis of symmetry; and

the kinematic mounting features include a flat, a
V-groove, and a conical depression substantially equi-
distantly spaced around the periphery rim and oriented
in alignment with the axis of symmetry to receive the
mounting points in the form of three hemispherical
pins.

7. A system for aligning a prefocused lamp-reflector
assembly with a light-path aperture of an image projector,
the lamp-reflector assembly including a concave reflector
bounded by a periphery rim and a light source fixedly
positioned adjacent the concave reflector, the system com-
prising:
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a plurality of hemispherical mounting points positioned in
a predetermined spatial relationship around one of the
light-path aperture of the image projector and the
periphery rim of the concave reflector;

a plurality of kinematic mounting features complemen-
tary to the plurality of mounting points and rigidly
positioned in a predetermined spatial relationship
around the other of the light-path aperture of the image
projector and the periphery rim of the concave reflector
for seating against the mounting points; and

a biasing mechanism urging the kinematic mounting
features of the lamp-reflector assembly against the
mounting points to precisely orient the lamp-reflector
assembly and provide six independent constraints on
movement of the lamp-reflector assembly relative to
the light-path aperture.

8. In an image projector having a light-path aperture, a
method of removably mounting a prefocused lamp-reflector
assembly of a replaceable lamp module in precise alignment
with the light-path aperture, the method requiring no post-
mounting adjustment, and the lamp-reflector asscmbly
including a concave reflector bounded by a periphery rim
and a light source fixedly positioned adjacent the concave
reflector, the method comprising:

providing a plurality of stationary hemispherical mount-
ing points in a predetermined spatial relationship
around one of the light-path aperture of the image
projector and the periphery rim of the concave reflec-
tor;

providing a plurality of kinematic mounting features
around the other of the light-path aperture of the image
projector and the periphery rim of the concave reflector,
the kinematic mounting features complementary to the
mounting points;

positioning the lamp-reflector assembly adjacent to the
light-path aperture so that the mounting points are
seated in the kinematic mounting features; and

biasing the lamp-reflector assembly to urge the kinematic
mounting features against the mounting points and
thereby precisely orient the lamp-reflector assembly
and provide six independent constraints on movement
of the lamp-reflector assembly relative to the light-path
aperture.

9. The method of claim 8, further comprising:

providing a lamp frame; and

releasably supporting the lamp-reflector assembly on the
lamp frame; and
in which:
the positioning of the lamp-reflector assembly includes
positioning the lamp frame and the lamp-reflector
assembly as a unit adjacent the light path aperture;
and
biasing of the lamp-reflector assembly includes rigidly
mounting the lamp frame to the image projector.
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10. A replaceable lamp module for installation in and use
with an image projector having a light-path aperture, the
lamp module comprising:

a prefocused lamp-reflector assembly including a concave
reflector and a light source positioned adjacent the
concave reflector;

a lamp frame removably mountable on an image projector
adjacent a light-path aperture of the image projector,
the lamp frame supporting the lamp-reflector assembly,
and the lamp frame and lamp-reflector assembly
removably installed as a unit in the image projector for
convenient installation and replacement ol the lamp
module;

a plurality of kinematic mounting features positioned on
the lamp-reflector assembly in a predetermined spatial
arrangement for seating against corresponding ones of
a plurality of complementary mounting points rigidly
positioned on the image projector to precisely align the
lamp-reflector assembly relative to the light path aper-
ture when the lamp module is installed in the image
projector; and

a biasing mechanism operatively connected to the lamp-
reflector assembly and positioned to urge the kinemaltic
mounting features of the lamp-reflector assembly
against the mounting points when the lamp module is
installed in the image projector so that the lamp-
reflector assembly is sell-aligning relative Lo the light-
path aperture.

11. The lamp module of claim 10 in which the biasing
mechanism comprises a spring for operatively coupling the
lamp-reflector assembly o the image projector.

12. The lamp module of claim 10 in which the kinematic
mounting features, when seated against the mounting points,
provide six independent constraints on movement of the
lamp-reflector assembly that correspond to three transla-
tional and three rotational degrees of freedom.

13. The lamp module of claim 10 in which:

the concave reflector has an axis of symmetry; and

the kinematic mounting features include a flat, a
V-groove, and a conical depression substantially equi-
distantly spaced about the periphery rim and oriented in
alignment with the axis of symmetry to receive the
mounting points in the form of three hemispherical pins
when the concave reflector is moved along the axis of
symmetry toward the hemispherical pins.

14. The lamp module of claim 10 in which the lamp frame
is formed of a thermoplastic resin and shaped to generally
surround the lamp-reflector assembly to prevent a user from
being burned by the lamp-reflector assembly when replacing
the lamp module.

15. 'The lamp module of claim 4 in which the lamp frame
is formed of a thermoplastic resin and shaped to generally
surround the lamp-reflector assembly to prevent a user from
being burned by the lamp-reflector assembly when replacing
the lamp module.



