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(57) ABSTRACT

A light amount control apparatus includes a pair of light
amount control plates arranged at side edge portions of a
light path, a driving device having a drive rotating shaft, and
a transmitting member for transmitting rotation of the drive
rotating shaft to the light amount control plates. The light
amount control plates are supported by the rotating support
shafts at two side edges of the light path to pivot in an
advancing direction of the light path. The drive rotating shaft
is arranged substantially parallel to the rotating support
shafts. A transmitting member includes a first gear assembly
connected to the drive rotating shaft, and a second gear
assembly rotated in a direction reverse thereto. One light
amount control plate is fixedly supported by the first gear
assembly, and the other light amount control plate is fixedly
supported by the second gear assembly.

12 Claims, 14 Drawing Sheets




U.S. Patent Feb. 27, 2007 Sheet 1 of 14 US 7,182,470 B2

Fig. 1

RGB signal
/ PC
L
Component ,
signal
L DVD player I
Projector - High vision
signal .
High vision tun_eL
Video signal -
Lllideo deck |




U.S. Patent Feb. 27, 2007 Sheet 2 of 14 US 7,182,470 B2

h------ﬂ“




U.S. Patent Feb. 27, 2007 Sheet 3 of 14 US 7,182,470 B2

Fig. 3(a) C

20a. | W _20b
)




U.S. Patent Feb. 27, 2007 Sheet 4 of 14 US 7,182,470 B2

Fig. 4

20a

o |

i 7' o200
] R




U.S. Patent Feb. 27, 2007 Sheet 5 of 14 US 7,182,470 B2

S

Fig.
70
1071 ~—20a
Q T™—20g
35
70
\
34
\
s X
33a 133 @ '

I

20b

20h i

71 3

40




U.S. Patent Feb. 27, 2007 Sheet 6 of 14 US 7,182,470 B2

Fig. 6

/ﬁ \\31




U.S. Patent

Fig. 7

Feb. 27, 2007

Sheet 7 of 14

US 7,182,470 B2

,120a

//ZOg

n

il

i

10

1]




U.S. Patent Feb. 27, 2007 Sheet 8 of 14 US 7,182,470 B2

“ ‘:r'rrf[ =
I

l r H."IE-'".'!M“ (it el -Ill

N

ey

40 —

?

30 31 /




U.S. Patent Feb. 27, 2007 Sheet 9 of 14 US 7,182,470 B2

: 1 4 1 ~

7
0 R ||
AT f2oe 20|
20h
51 e o e
50/ = 40 =
35F W
30
i




U.S. Patent Feb. 27, 2007 Sheet 10 of 14 US 7,182,470 B2

40
)
>
e
206 Z 20a
20f | |y /. 20e
20h | 36e 3\5 ‘ //' 20g
I 36 e @350 ||| )
i 38 NN 10 ||
(36c) ‘ 7 \ o \
71 . 4 S 2l
~ N
L
YN v
\\ B . | _-33a
ia “ B
) i / <F ED
e 36f ‘ -

' 35777 200 | F——

(

|

34 =




U.S. Patent

Fig. 11

Feb. 27, 2007

Sheet 11 of 14

US 7,182,470 B2

N >

%

\Z

| D
>

v,

\/

\/
P
N </
O
)]

20a



U.S. Patent Feb. 27, 2007 Sheet 12 of 14 US 7,182,470 B2

[om]

0/0

Fig. 12
/ \
i X
/ AN
! =
\
\
\
\
§
\

51015 20 25 30 35 40 4550 55 60 65 70 75 80 85 90
al® ]



U.S. Patent Feb. 27, 2007 Sheet 13 of 14 US 7,182,470 B2

Fig. 13(a)

10




U.S. Patent Feb. 27, 2007 Sheet 14 of 14 US 7,182,470 B2

Fig. 14 "

10

q { &9 O
':‘-;3\1 —

\ 5 /b_-—-: B [, Q
v N = 1
‘ : 1
1Y
‘”l!l]

== | =) f-l
' ‘Ilk—i'l'ﬂﬂ ['r;-'ll'f‘.'-"l.l".flll.u, QL ,l:,li,lll!l i L‘J ,
i I \A .




US 7,182,470 B2

1

LIGHT AMOUNT CONTROL APPARATUS
AND PROJECTOR APPARATUS USING THE
SAME

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present relates to a light amount control apparatus for
controlling a light amount in projecting an image formed by
image forming device of a liquid crystal panel or the like
onto a screen with a projecting lens, and a projector appa-
ratus using the same.

Generally, an apparatus for projecting a light image of a
liquid crystal projector apparatus or the like onto a screen is
widely used as an apparatus connected to an image appara-
tus of a computer, a television set, or the like for projecting
an image outputted from the image apparatus onto a screen
with a projecting lens.

A light image projected by such a projector apparatus is
felt to be dazzling or dark depending on an environment
where the apparatus is used. The reason is that, for example,
in a state in which a pupil of a person using the apparatus at
a dark place is opened, when a bright image is constituted
abruptly, light is felt more strongly than actual light. Con-
versely, at a bright place, the screen is felt to be dark and
therefore, an easiness to see depending on a surrounding
brightness causes a problem. Further, there also causes a
problem that even by an image viewed as in a flash image,
an unpleasant feeling is felt by extremely stimulating a nerve
of a person enjoying the image by changing the brightness
of the image in an extremely short period of time though the
nerve is stimulated temporarily.

It is necessary to control a brightness of an image pro-
jected to a screen in accordance with a surrounding envi-
ronment or a viewing environment. In a related art, as a
method of controlling the projected light amount, there is
known a method of controlling a light source of irradiating
light to a liquid crystal panel or the like, or controlling a
voltage applied to the liquid crystal panel in, for example,
Patent Reference 1 (Japanese Patent Publication (Kokai) No.
2000-28988)

In a related art, as a method of controlling the projected
light amount (brightness of screen image), a method of
controlling a voltage applied to a liquid crystal panel is
known. However, a liquid crystal panel has a particular
relationship between a voltage and a transmittance, and there
poses a problem that in changing a brightness by changing
the voltage, it is difficult to control the voltage such that red,
blue, and green are uniformly changed, further, in control-
ling the brightness, also a tone of color is changed.

It is proposed in, for example, Patent Reference 2 (Japa-
nese Patent Publication (Kokai) No. 2003-121938) to con-
trol a brightness of a screen image constant by controlling a
light amount projected by a projecting lens by a light
shielding mask plate. The reference discloses a constitution
for providing a base member having a projecting hole (lens
hole) in a direction orthogonal to a projecting light path of
a projecting lens at a front face thereof and attaching a light
shielding plate (mask member) for controlling an aperture of
the projecting hole to be large or small at the base member
opening and closing in the direction orthogonal to the light
path to control a light amount. Therefore, by controlling an
interval in irradiating an image formed at a liquid crystal
panel onto a screen by a projecting lens by receiving light
from a light source by controlling an opening of a light path
to be large or small by a light shielding plate provided at a
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plane orthogonal to the projecting light path, a brightness of
an image on the screen is controlled.

In controlling the light amount of the light path projected
by the projecting lens as described above by the light
shielding plate (mask member), when the light amount is
intended to control by sliding to move the light shielding
plate provided at the plane orthogonal to the projecting light
path as disclosed in Patent Reference 2, a space for moving
forward and rearward a light shielding member (mask plate
in a blade-like shape or the like) and a space of arranging a
drive mechanism for opening and closing the light shielding
member are needed at a side portion of the projecting lens.
The spaces become at least double of an area of the light
shielding member. On the other hand, the projecting lens is
normally constituted by a circular shape and integrated to a
lens-barrel portion in a cylindrical shape. Accordingly, the
light amount control apparatus is projected in a side direc-
tion of the lens. Therefore, an undesirable result for small-
sized formation or space saving formation of the apparatus
is brought about.

In order to resolve such a problem, the inventors have
tried to achieve space saving formation and small-sized
formation of an apparatus in comparison with those in the
case of constituting the light shielding plate to be able to
move forward and rearward in the plane orthogonal to the
light path by providing a pair of light shielding plates (plate
members) on the left and on the right of a light path of
projecting onto a screen by a projecting lens and controlling
an amount of opening the light path by pivoting the light
shielding plates in a direction of advancing the light path.

However, there poses a problem that by adopting such a
constitution, a center of a projecting light amount is shifted
unless the pair of the shielding plates is moved to open and
close by the same amount in synchronism with each other,
and there poses a problem that depending on arrangement of
a drive apparatus of a drive motor or the like relative to
rotating shafts for supporting the light shielding plates, the
apparatus is significantly projected in a side direction of the
projecting light path similar to the related art. Accordingly,
a mechanism in opening and closing the pair of light
shielding plates by a drive apparatus of a motor or the like
has a significant influence on a compactness of the appara-
tus.

In view of the problems described above, it is an object of
the invention to provide a light amount control apparatus
capable of achieving a small-sized compact formation of the
apparatus by compactly arranging a mechanism for control-
ling a light amount of a projecting light path at a peripheral
edge of the light path and firmly controlling the light amount
and a projector apparatus using the same.

Further objects and advantages of the invention will be
apparent from the following description of the invention.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, a light amount
control apparatus comprises a pair of light amount control
plates arranged at side edge portions of a light path for
projecting light of a light source opposed to each other; a
driving device having a drive rotating shaft; and a transmit-
ting member for transmitting rotation of the drive rotating
shaft to the light amount control plates. The pair of the light
amount control plates is supported by centering on a pair of
rotating support shafts arranged substantially in parallel with
each other at two side edges of the light path to pivot in an
advancing direction of the light path. The drive rotating shaft
is arranged substantially in parallel with the rotating support



US 7,182,470 B2

3

shafts. The transmitting member comprises a first gear
assembly arranged in a direction substantially orthogonal to
the drive rotating shaft and connected to the drive rotating
shaft to rotate, and a second gear assembly moving in
cooperation with the first gear assembly and rotating in a
direction reverse thereto. One of the pair of the light amount
control plates is fixedly supported by the first gear assembly,
and the other of the pair of the light amount control plates
is fixedly supported by the second gear assembly, respec-
tively.

The pair of the rotating support shafts and the drive
rotating shaft is arranged substantially in parallel with each
other at left and right side edges opposed to each other by
interposing the light path. The pair of the light amount
control plates and a drive apparatus of a motor or the like are
compactly integrated in a side direction of the light path, and
the above-described problems can be resolved.

According to a second aspect of the invention, in the
constitution of the first aspect, the transmitting member is
provided to transmit the rotation in a direction substantially
orthogonal to the pair of the rotating support shafts by
connecting the first gear assembly to the drive rotating shaft
to be driven via a timing belt and rotating the second gear
assembly by rotating the first gear assembly. The pair of the
light amount control plates is rotated respectively by a
constant amount by moving to rotate the transmitting mem-
ber by the drive rotating shaft. Thereby, the transmitting
member is arranged at a peripheral edge of a lower portion
or an upper portion of the light path, and the driving
movement is transmitted to the pair of the rotating support
shafts by moving the transmitting member, thereby making
the transmitting mechanism simple.

According to a third aspect of the invention, in one of the
constitutions of the first and the second aspects, the one of
the pair of the light amount control plates is attached to the
first gear assembly, and the other of the pair of the light
amount control plates is attached to the second gear assem-
bly, respectively, at positions spaced apart from rotational
centers of the first gear assembly and the second gear
assembly by predetermined distances. The pair of the light
amount control plates is pivoted respectively by a predeter-
mined angle between an operating position of advancing
into the light path and an escaping position escaped from the
light path. Thereby, a light amount can be controlled by
pertinently moving the light amount control plates between
the operating position of advancing into the light path and
the escaping position of escaping from the light path.

According to a fourth aspect of the invention, in the
constitution of the first aspect, the first gear assembly
includes one spur gear. The second gear assembly comprises
two spur gears rotatably supported on a same axis and
brought in mesh with the spur gear of the first gear assembly.
The two spur gears are urged in a direction of pulling each
other in a rotational direction thereof. Teeth of the spur gears
are held at positions shifted from each other, and teeth of the
spur gear of the first gear assembly are brought in mesh with
between the shifted teeth of the two spur gears of the second
gear assembly. By adopting a drive connecting structure of
bringing the teeth of the spur gear of the first gear assembly
in mesh with between the teeth of the two spur gears of the
second gear assembly shifted from each other, the backlash
can be removed, thereby improving positional accuracy of
the light amount control plates and preventing the light
amount from dispersing.

According to a fifth aspect of the invention, in one of the
constitutions of the first through the fourth aspects, respec-
tive pairs of the light amount control plates are provided at

20

25

30

35

40

45

50

55

60

65

4

left and right side edge portions and upper and lower side
edge portions of the light path opposed to each other, and the
respective light amount control plates are pivotally sup-
ported by the rotating support shafts in the advancing
direction of the light path. Therefore, the pairs of the light
amount control plates are arranged on left and right sides and
upper and lower sides of the light path, and the light amount
is controlled to be large or small by a relationship substan-
tially uniform in the left and right directions and the upper
and lower directions relative to the center of the light path.

In the light amount control apparatus of the invention, the
first gear assembly includes a spur gear connected to the
drive rotating shaft to rotate. The second gear assembly
includes a pair of spur gears supported pivotally on a same
axis and urged in a direction of pulling each other in a
rotational direction. Teeth of the spur gear are brought in
mesh with between teeth of the pair of the spur gears shifted
from each other. Thereby, the pair of the rotating support
shafts and the drive rotating shaft is respectively arranged
substantially in parallel with each other at the left and right
side edges opposed to each other by interposing the light
path. The light amount control plates and the drive apparatus
of'a motor or the like are compactly integrated without being
projected in a side direction of the light path, and the
above-described problem can be resolved.

Further, an urging device is interposed between the pair of
the spur gears for urging the pair of the spur gears in a
direction of pulling each other. The urging device comprises
atension spring expanded between the pair of the spur gears.

In the above-described light amount control apparatus,
vicinities of side ends of the pair of the light amount control
plates on sides of the light source can be rotated around the
pair of the rotating support shafts in an escaping state of
escaping from the light path. The side edges are folded to
bend to outer sides from a center of the light path by
substantially a right angle or larger. Thereby, the pair of the
rotating support shafts and the drive rotating shaft is respec-
tively arranged substantially in parallel with each other at
the left and right side edges opposed to each other by
interposing the light path. The light amount control plates
and the drive apparatus of a motor or the like are compactly
integrated without being projected in the side direction of
the light path, and the above-described problem can be
resolved.

According to a sixth aspect of the invention, a projector
apparatus comprises an image forming device for forming
an image; a projecting light path for projecting light from a
light source to irradiate to the image forming device; a pair
of light amount control plates arranged at side edge portions
of the projecting light path opposed to each other; and a
driving device having drive rotating shafts for driving to
open and close the light amount control plates. The pair of
the light amount control plates is supported by centering on
a pair of rotating support shafts-arranged substantially in
parallel with each other at two side edges of the light path
to pivot in an advancing direction of the light path. The drive
rotating shaft is arranged substantially in parallel with the
rotating support shafts. The transmitting member comprises
a first gear assembly arranged in a direction substantially
orthogonal to the drive rotating shaft and connected to the
drive rotating shaft to rotate, and a second gear assembly
moving in cooperation with the first gear assembly and
rotating in a direction reverse thereto. One of the pair of the
light amount control plates is fixedly supported by the first
gear assembly, and the other of the pair of the light amount
control plates is fixedly supported by the second gear
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assembly, respectively. Thereby, the small-sized and com-
pact projector apparatus can be provided.

In the above-described projector apparatus of the inven-
tion, the first gear assembly includes a spur gear connected
to the drive rotating shaft to rotate. The second gear assem-
bly includes a pair of spur gears pivotally supported on a
same axis and urged in a direction of pulling each other in
a rotational direction. Teeth of the spur gear are brought in
mesh with between teeth of the pair of spur gears shifted
from each other. Thereby, the pair of the rotating support
shafts and the drive rotating shaft is respectively arranged
substantially in parallel with each other at the left and right
side edges opposed to each other by interposing the light
path. The light amount control plates and the drive apparatus
of'a motor or the like are compactly integrated without being
projected in the side direction of the light path, and the
above-described problem can be resolved.

Further, in the above-described projector of the invention,
vicinities of side edges of the pair of the light amount control
plates on sides of the light source can be rotated centering on
the pair of the rotating support shafts in an escaping state of
escaping from the light path. The side edges are folded to
bend to outer sides from a center of the light path by
substantially a right angle or larger. Thereby, the pair of the
rotating support shafts and the drive rotating shaft is respec-
tively arranged substantially in parallel with each other at
the left and right side edges opposed to each other by
interposing the light path. The light amount control plates
and the drive apparatus of a motor or the like are compactly
integrated without being projected in the side direction of
the light path, and the above-described problem can be
resolved.

Further, in the projector apparatus of the invention, the
light amount control apparatus is attached to a main body of
the projector apparatus by being inclined relative to front
and rear directions in the advancing direction of the pro-
jecting light path. The pair of the light amount control plates
is respectively pivoted by a predetermined angle between an
operating position of advancing into the light path and an
escaping position of escaping from the light path relative to
the front and rear directions in the advancing direction of the
projecting light path.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is an explanatory view showing a system consti-
tution of a projector apparatus according to an embodiment
of the invention;

FIG. 2 is an explanatory view of a layout of the projector
apparatus according to the embodiment of the invention;

FIGS. 3(a) and 3(b) are explanatory views of an opera-
tional principle of a light amount control apparatus accord-
ing to the invention;

FIG. 4 is a front view of the light amount control
apparatus according to the invention;

FIG. 5 is a perspective view of the apparatus shown in
FIG. 4 viewed from above;

FIG. 6 is a perspective view of the apparatus shown in
FIG. 4 viewed from below;

FIG. 7 is a rear view of the light amount control apparatus
according to the invention;

FIG. 8 is a perspective view of the apparatus shown in
FIG. 7 viewed from above;

FIG. 9 is a perspective view of the apparatus shown in
FIG. 7 viewed from below;
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FIG. 10 is an enlarged perspective view showing a drive
transmitting system of the light amount control apparatus
according to the invention;

FIG. 11 is an explanatory view of an operation showing
a movement locus of a light amount control plate of the light
amount control apparatus according to the invention;

FIG. 12 is an explanatory chart showing a characteristic
of driving the light amount control plate of the light amount
control apparatus according to the invention;

FIGS. 13(a) to 13(c) are explanatory views showing a
mode of a light amount control plate different from that of
the apparatus shown in FIG. 4 through FIG. 9, wherein FIG.
13(a) shows a state that the light amount control plate is
disposed at an escaping position, FIG. 13(b) shows a state
that the light amount control plate is moved from the
escaping portion to a contracting position, and FIG. 13(c)
shows a state that the light amount control plate is disposed
at the contracting position; and

FIG. 14 is an explanatory view for explaining a process of
attaching the light amount control apparatus to a main body
of the projector apparatus.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereunder, embodiments of the invention will be
explained with reference to the drawings.

FIG. 1 is an explanatory view showing a system consti-
tution of a projector apparatus using the invention, FIG. 2 is
a view of an outline constitution of the projector apparatus,
FIGS. 3(a) and 3(b) are explanatory views of a light amount
control apparatus for controlling a projecting light amount of
the projector apparatus, FIG. 4 through FIG. 9 are explana-
tory views for explaining a total constitution of the light
amount control apparatus, FIG. 10 is an enlarged perspective
view showing a drive transmitting system of the light
amount control apparatus, FIG. 11 is an explanatory view of
operation showing a movement locus of a light amount
control plate in the light amount control apparatus, FIG. 12
is an explanatory view showing a characteristic of driving
the light amount control plate in the light amount control
apparatus, FIGS. 13(a) to 13(c) are explanatory views
showing a mode of a light amount control plate different
from that of the light amount control apparatus of FIG. 4
through FIG. 9 wherein FIG. 13(a) is a state when the light
amount control plate is disposed at an escaping position,
FIG. 13(d) is a state when the light amount control plate is
moved from the escaping position to a contracting position,
and FIG. 13(c) is a state when the light amount control plate
is disposed at the contracting position, and FIG. 14 is an
explanatory view for explaining a method of attaching the
light amount control apparatus according to the invention to
a main body of the projector apparatus.

First, in FIG. 1, as methods of inputting an image to a
projector apparatus, there are methods by an RGB signal, a
component signal, a high vision signal, and a video signal.
The RGB signal is used when the signal is transmitted from
an image output terminal of, for example, a computer to the
projector apparatus. In using the component signal, an
output terminal of a DVD player and the projector apparatus
are connected. In using the high vision signal, an output
terminal of a tuner of a high vision television set and the
projector apparatus are connected. In using the video signal,
an output terminal of a video deck and the projector appa-
ratus are connected. Further, although various kinds of the
projector apparatus are known, as an example thereof, FIG.
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2 shows a layout constitution when a liquid crystal panel is
used as an image forming portion (image forming device).

As shown in FIG. 2, the projector apparatus is constituted
by a light source A, a condenser lens B for converting light
from the light source A into parallel ray, an illuminating
optical system D including a dichroic mirror for separating
color of light of the lens B, a liquid crystal panel E for
receiving light from the illuminating optical system D, and
a projecting lens F for projecting light passing the liquid
crystal panel E. Various methods are known for the project-
ing optical system, and the projector apparatus is constituted
by integrating a light source portion (light source A or the
like), an image forming portion (liquid crystal panel E or the
like) and a projecting portion (projecting lens F or the like)
in a casing by a pertinent constitution.

A light amount control apparatus C included in the
projector apparatus is integrated between, for example, the
condenser lens B and the illuminating optical system D as
the following structure.

As shown in FIG. 4 through FIG. 9, the light amount
control apparatus C is constituted as a unit by integrating a
light amount control plate 20, a drive apparatus 30, and a
transmitting mechanism 40 with a frame 10 surrounding a
light path R of the projector apparatus.

The frame 10 is formed in a shape of integrating to the
projector apparatus by a pertinent resin material and is
provided with an opening of the light path R. A peripheral
side edge of the opening is arranged with a pair of light
amount control plates 20a, 205 at left and right side edges
thereof opposed to each other to form an opening diameter
of'the opening. The light amount control plates 20a, 205 are
formed by punching a thin plate of a metal plate (for
example, SUS304 material, a plate thickness of 1.0 mm)
capable of withstanding a high temperature equal to or
higher than 100 degrees without being subjected to a surface
treatment to reflect illuminating heat as much as possible.
Shapes of the light amount control plates 20a, 205 are
formed to provide the opening substantially uniform from a
center of the light path R to left and right sides and upper and
lower sides.

That is, the center of the light path R is derived from
centers of the condenser lens B and the projecting lens F, and
the shapes of the light amount control plates 20a, 205 are
determined to form substantially the uniform opening to the
left and right sides and the upper and lower sides relative to
the center of the optical path R. The shapes may pertinently
be set, and since an image to be projected is constituted by
a rectangular shape, the shapes of the light amount control
plates 20a, 205 are also formed in the rectangular shape as
illustrated. Further, the pair of left and right light amount
control plates 20a, 205 is supported by rotating support
shafts 70, 71 comprising projected pins provided by being
integrally formed with the frame 10. In this case, the light
amount control plates 20a, 205 are respectively formed with
bearing holes for fitting the respective projected pins of the
rotating support shafts 70, 71, and the both members are
fitted pivotally by bearings.

As shown in FIGS. 3(a) and 3(b), the pair of left and right
light amount control plates 20a, 205 is opened and closed in
a biparting shape by being pivoted centering on the rotating
support shafts 70, 71 in an arrow mark direction penetrating
the center (advancing direction of the light path), and
regulated to open and close to dispose at a position pertinent
for providing a desired light amount between an operating
position shown in FIG. 3(a) at which the light amount
control plates are mostly closed and an escaping position
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shown in FIG. 3(4) at which the light amount control plates
are escaped to outside of the light path.

As shown in FIG. 4, the rotating support shafts 70, 71
constituted by the projected pins are arranged in parallel
with peripheral side edges of the light path. R opposed to
each other, and the shapes and opening and closing operation
of the light amount control plates 20a, 205 are formed
symmetrically in the left and right direction. Although the
rotating support shafts 70, 71 are integrally formed with the
frame 10, the rotating support shafts 70, 71 may be integrally
formed with the pair of left and right light amount control
plates 20a, 205 by switching bearing holes of counterparts
of fitting.

The frame 10 is attached with a drive motor 31, and a
drive rotating shaft 33 thereof is disposed substantially in
parallel with the rotating support shafts 70, 71 constituting
rotational centers of the light amount control plates 20a,
20b. Therefore, the rotating support shatts 70, 71 pivotally
supporting the light amount control plates 20a, 205 are
arranged in parallel at two left and right side portions
relative to an optical axis center of the light path R, and the
drive motor 31 is arranged such that the drive rotating shaft
33 becomes in parallel with the two support shafts 70, 71.
The illustrated drive motor 31 is constituted by a stepping
motor.

The pair of left and right rotating support shafts 70, 71 and
the drive rotating shaft 33 are arranged in parallel with each
other by being spaced apart from each other at distances
therebetween in a plane orthogonal to the light path R in this
way to constitute an arrangement derived for making spaces
occupied by the respective constituent parts as small as
possible. The constituent parts may be arranged substan-
tially in parallel in accordance with a shape of the light path
R.

As shown in FIG. 14, by pertinently rotating the light
amount control apparatus C in an arrow mark direction
centering on an X—X axis as illustrated relative to the plane
orthogonal to the light path R to attach to the main body of
the projector-apparatus to incline a Y—Y axis as illustrated
in a front and rear direction of an advancing direction of the
optical path by an angle of 0, the light amount control
apparatus C can be attached to the main body of the
projector apparatus in a state of inclining the respective
rotating shafts of the pair of rotating support shafts 70, 71 in
the front and rear direction in the advancing direction of the
optical path by the angle of 8. The pair of light amount
control plates 20a, 205 of the light amount control apparatus
C arranged at the main body of the projector apparatus
shown in FIG. 2 can be opened in the biparting way in the
state of being inclined in the front and rear direction in the
advancing direction of the light path relative to the light
source A by being supported in an inclined state.

By inclining the pair of light amount control plates 20a,
205 in the front and rear direction in the advancing direction
of the light path, and by reflecting reflected light shielded
and reflected by surfaces of the pair of light amount control
plates 20a, 205 to outside of the light path R, the reflected
light is not returned to a reflector of the light source A and
does not repeat re-irradiation. As a result, a light amount
speckle by repeating the irradiation is not brought about.
There is not also brought about an operating speckle by
causing a temperature rise by confining heat between the
light source A and the light amount control apparatus C.
Therefore, stable light amount control can be carried out.

Although the light amount speckle can be restrained
sufficiently by constituting an inclination angle of the
respective rotating shafts of the pair of rotating the support
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shafts 70, 71 in the front and rear direction in the advancing
direction of the light path by 5 degrees to about 10 degrees,
the inclination angle may pertinently be controlled by the
optical system, a surface state of the light amount control
plate, or a cooling structure in the apparatus. Further, in this
case, in paper face of FIG. 14, left and right sides of the
paper face inclined in an up and down direction of the light
amount control apparatus C in the front and rear direction in
the advancing direction of the light path may be inclined by
being pivoted in the front and rear direction.

An explanation will be given of a transmitting mechanism
for connecting the drive rotating shaft 33 and the rotating
support shafts 70, 71 for pivotally supporting the light
amount control plates 20a, 206 in reference to FIG. 10.

First, driving is transmitted to a drive gear 33a attached to
the drive rotating shaft 33 constituting an output shaft of the
drive motor 31. A toothed timing belt 34 for driving and
connecting is hung between the drive gear 33¢ and a
connecting gear 354 of a first gear assembly 35. A rotational
drive force of the drive gear 33a transmitted to the toothed
timing belt 34 is transmitted to the first gear assembly 35,
and the first gear assembly 35 follows to rotate. Rotation of
the first gear assembly 35 is further transmitted to a second
gear assembly 36 brought in mesh with a spur gear 35b
thereof, and the second gear assembly 36 is rotated in a state
of being synchronized with rotation of the first gear assem-
bly 35 in a direction reverse thereto. Further, both of the first
gear assembly 35 and the second gear assembly 36 are
rotatably supported by the frame 10.

The spur gear 3556 constituting the first gear assembly 35
is attached with a folded arm 20c¢ of the light amount control
plate 20a such that the light amount control plate 20a is
integrally pivoted with the spur gear 355 by a rotating shaft
35¢, a positioning pin 354, and an E ring 35e of the first gear
assembly 35. A spur gear 365 constituting the second gear
assembly 36 is attached with a folded arm 204 of the light
amount control plate 205 such that the light amount control
plate 205 is integrally pivoted with the spur gear 365 by a
rotating shaft 36¢, a positioning pin 364, and an E ring 36e
of the second gear assembly 36.

Therefore, the biparting opening can be carried out by
rotating the light amount control plates 20a, 205 in direc-
tions reverse to each other respectively by a predetermined
angle, in this case, 90° between the operating position at
which the light amount control plates 20a, 205 advance into
the light path R and the escaping position at which the light
amount control plates 20a, 205 are escaped from the light
path R as shown in FIG. 3(4) by rotating the first gear
assembly 35 and the second gear assembly 36 in synchro-
nism with each other via the timing belt 34 by pertinently
rotating the drive motor 31 regularly and reversely.

As shown in FIG. 10, according to the transmitting
member 40, the second gear assembly 36 brought in mesh
with the single spur gear 3556 of the first gear assembly 35
comprises two spur gears 365, 36/ pivotally supported on the
same axis within a pertinent angle relative to each other. The
two spur gears 365, 36/ are urged by a tension spring 36g in
directions of pulling each other, and teeth of the spur gears
are maintained in a positional relationship of being shifted
from each other. Teeth of the spur gear 365 of the first gear
assembly 35 are brought in mesh with between the shifted
teeth of the two spur gears 365, 36/ of the second gear
assembly 36. By always maintaining the contiguous tooth
faces in a pressed state by the meshing, a backlash generally
included in a gear connecting mechanism can be removed.
Accordingly, positional accuracy of the light amount control
plates is promoted, and the light amount is not dispersed.
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As shown in FIG. 11, by attaching the light amount
control plate 20a attached to the first gear assembly 35 and
the light amount control plate 205 attached to the second
gear assembly 36 to the first gear assembly 35 and the
second gear assembly 36 respectively by the folded arms
20c, 20d, front ends 20e, 20f of shielding plate portions 20e,
201 of the light amount control plates 20a, 205 are rotated to
draw rotational loci Xc, Xcc in accordance with an arm
length (about 0.6 mm) of the folded arms 20c¢, 204. By
drawing the rotational loci in this way, an amount [, for
displacing the front ends 20e, 20f of the shielding plate
portions 20e, 20f'into the light path R is displaced substan-
tially linearly at a rotational center of rotational angle 10°
through 65° from the escaping position relative to a rota-
tional angle o of rotating the front ends 20e, 20f of the
shielding plate portions 20e, 207 of the light amount control
plates 20a, 206 as shown in FIG. 12. The amount [ for
displaying into the light path R relative to the rotational
angle o becomes 2.25 mm which is substantially constant.
By controlling the rotational angle a by the drive motor 31,
the light amount can easily be controlled. Further, FIG. 12
is a characteristic diagram when distances of the front ends
20e, 201 of the shielding plate portions 20e, 20f from the
rotational center are about 1.2 mm, and the arm length of the
folded arms 20c¢, 204 is about 0.6 mm from the rotational
center.

Since the light amount control plates 20a, 205 are pivoted
centering on the rotating support shafts 70, 71 in the arrow
mark direction in FIGS. 3(a) and 3(b) (advancing direction
of light path) to open and close in the biparting shape, as
shown in FIG. 11, end portions 20g, 20/ on sides opposed
to the front ends 20e, 20f of the shielding plate portions 20e,
207 of the light amount control plates 20a, 205 are folded
substantially orthogonally in directions to outside of the
light path. By folding to bend the end portions, always, press
rupture faces thereof are not directed to a side of the light
source. A light amount speckle by random reflection of light
incident on the press rupture face is not brought about, and
control of the light amount is facilitated. Although, in this
case, the end portions are folded to bend substantially in
right angle, when the folded angle is substantially equal to
or larger than right angle, the end portions 20g, 20/ are not
opposed to the light source A, and a similar effect can be
achieved.

Therefore, at the contracting position at which the light
amount control plates 20a, 205 are substantially orthogonal
to the light path R, the light path R is contracted to a
minimum aperture, and the passing light amount is mini-
mized. At the escaping position at which the light amount
control plates 20a, 205 are substantially in parallel with the
advancing direction of the light path R, the light path R
becomes a maximum aperture, and the passing light amount
is maximized. The light amount of the light path R can
pertinently be controlled by pivoting the light amount con-
trol plates 20a, 205 by the drive motor 31 in steps respec-
tively within a range of 90 degrees.

As shown in FIG. 6 and FIG. 9, a fan-shaped slit hole 11
is formed at a bottom portion of the frame 10, and the slit
hole 11 is fitted with a restricting pin 35/ extended to project
downwardly from a lower face of the spur gear 365 of the
gear assembly 35. A slit length of the slit hole 11 is set to
constitute positions opened to outer sides from an interval
between the operating position at which both of the light
amount control plates 20a, 205 advance into the light path
R shown in FIGS. 3(a) and 3(b) and the light path R
becomes the minimum aperture, and the escaping position at
which the light amount control plates 20a, 205 are escaped
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from the light path R and the light path R becomes the
maximum aperture in a state in which the restricting pin 35/
is brought into contact with both end portions of the slit
more or less in consideration of part accuracy, error of part
attaching position.

Therefore, at the escaping position at which the light
amount control plates 20a, 205 escape from the light path R,
the light amount control plates 20a, 205 can be restricted to
be disposed firmly at outside of the light path. At the
operating position at which the light amount control plates
20a, 205 advance into the light path R, the front end portions
of the light amount control plates 20a, 205 can be restricted
not to collide with each other. Particularly, collision at the
operating position is prevented for restraining the shielding
plate portions 20e, 20/ from biting each other by interference
when the shielding plate portions 20e, 20f of the light
amount control plates 20a, 205 are rotated to draw the
rotational loci in accordance with the arm length of the
folded arms 20c¢, 20d.

Next, control of the drive apparatus 30 will be explained.
The drive apparatus 30 constituted by the stepping motor is
electrically connected to a control board, not illustrated,
integrated with a pulse generating circuit, a power source
circuit and the like. Further, the second gear assembly 36
constituting the transmitting member 40 is provided with a
position sensor lever 36/ for detecting a rotational position
thereof as shown in FIGS. 4, 7 and 9. Further, as shown in
FIGS. 7 and 9, a position sensor 51 constituted by a
photo-coupler attached to a detecting circuit board 50 is
attached to the frame 10. When the light amount control
plates 20a, 206 are disposed at the escaping position in FIG.
3(b), the position sensor lever 36/ makes the position sensor
51 ON as a home position.

In a state of being disposed at the escaping position (FIG.
3(b)) in FIG. 4 through FIG. 6, the drive motor 31 rotates the
drive gear 33a in the clockwise direction. The first gear
assembly 35 is rotated via the timing belt 34 similarly in the
clockwise direction, and the light amount control plate 20a
is pivoted in a direction of the operating position (FIG. 3(a))
substantially orthogonal to the light path R. The second gear
assembly 36 pinched to teeth of the spur gear 355 of the first
gear assembly 35 by an urge force of the tension spring 36g
is simultaneously rotated in the counterclockwise direction,
and the light amount control plate 2056 is pivoted in a
direction of the operating position (FIG. 3(a)) substantially
orthogonal to the light path R. By stopping the drive motor
31 at a pertinent position, the light amount control plates
20a, 205 are held at the stop position.

In holding the light amount control plates 20qa, 205 at the
stop position, postures thereof are maintained by detent
torque of the drive motor 31 comprising the stepping motor
or a load of a reduction gear.

Next, the drive motor 31 is rotated reversely, and the drive
gear 33a is rotated in the counterclockwise direction. The
first gear assembly 35 is similarly rotated in the counter-
clockwise direction via the timing belt 34, so that the light
amount control plate 20a is pivoted in a direction of the
escaping position (FIG. 3(b)) escaped from the light path R.
The second gear assembly 36 pinched to teeth of the spur
gear 355 of the first gear assembly 35 by the urge force of
the tension spring 36g is simultaneously rotated in the
clockwise direction, and the light amount control plate 205
is pivoted in a direction of the escaping position (FIG. 3(5))
escaped from the light path R. By stopping the drive motor
31 at a pertinent position, the light amount control plates
20a, 205 are held at the stop position. By stopping the drive
motor 31 similarly at a pertinent position, the postures of the
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light amount control plates 20a, 205 are maintained at the
stop position by the detent torque of the drive motor 30 or
the load of the reduction gear.

Although the above-explained transmitting member 40 is
constituted by a structure of bringing the first gear assembly
35 and the second gear assembly 36 into direct contact with
each other, the transmitting member 40 may be constituted
by a drive transmitting system using a timing belt or the like.
Further, the first gear assembly 35 and the second gear
assembly gear 36 may be constructed by a pertinent gear
train in accordance with a speed reducing state.

Although there has been shown a case in which the pair
of light amount control plates is arranged in the left and right
direction or in the up and down direction of the light path R
to open and close in the biparting state in the advancing
direction of the light path R, the pairs of the light amount
control plates may be formed in the left and right direction
and the up and down direction, which will be explained in
reference to FIGS. 13(a) to 13(c).

The light amount control plates 20a, 205 are provided at
the positions opposed to each other on the left and right sides
of the light path R, and light amount control plates 60a, 605
are provided at positions opposed to each other on the upper
and lower sides of the light path R as illustrated. The light
amount control plates 20a, 205 are pivotally supported by
the rotating support shafts 70, 71 at the frame 10 similar to
the above-described structure, and the light amount control
plates 60a, 605 are also pivotally supported by the rotating
support shafts 61, 62 similarly at the frame 10.

The upper and lower light amount control plates 60a, 605
are engaged with the left and right light amount control
plates 20qa, 205 at end portions thereof as shown in FIG.
13(a) to establish a relationship that when the left and right
light amount control plates 20a and 205 are pivoted, the
upper and lower light amount control plates 60a, 605 are
pivoted in cooperation therewith.

Respective intervals between the upper and lower light
amount control plates 60a, 605 and the rotating support
shafts 61, 62 are provided with coil springs to urge to pivot
in directions opposed to those designated by illustrated
arrow marks. The left and right light amount control plates
20a, 205 are connected with the drive rotating shaft and the
transmitting member having the above-described structure.
Therefore, when the left and right light amount control
plates 20a, 205 are opened and closed by a control similar
to the above-described structure, the upper and lower light
amount control plates 60a, 605 are opened and closed in
cooperation therewith.

Next, the constitution of the projector apparatus will be
explained as an outline layout constitution as shown in FIG.
2. The apparatus casing includes the light source A com-
prising a light source lamp of a halogen lamp or the like, and
a reflector for randomly reflecting light of the light source.
The light path R is formed by making light from the light
source A in parallel by the condenser lens B. Light of the
light path R is irradiated to the liquid crystal panel E via the
focusing lens D. The liquid crystal panel is formed in three
layers by filters of three primary colors of R, G, and B for
forming an image by receiving an image signal. Therefore,
the liquid crystal panel constitutes the image forming por-
tion, and the image is projected from the projecting lens F
onto the screen G by receiving light from the light source A.
The projecting lens F is integrated with a focusing mecha-
nism for focusing. The above-described light amount control
apparatus is integrated to the light path R between the
condenser lens B and the focusing lens D, and the light
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amount control plates 20a, 205 are arranged to open and
close in the advancing direction of light.

The casing of the apparatus is provided with an illumi-
nance sensor for detecting an exterior brightness. The illu-
minance sensor may be constituted by any of methods of
detecting light constituted by reflecting light from the pro-
jecting lens by the screen G, detecting exterior light other
than projected light from the projecting lens, or detecting a
difference in brightness by detecting the above-described
both of light. As the illuminance sensor, a position sensor for
electrically detecting a light amount by using a photoelectric
conversion element or a sensor of CCD may used.

A control portion of the projector apparatus is constituted
with an image signal processing portion for transmitting an
image signal to the liquid crystal panel by an IC chip or the
like, and is connected to other image apparatus of an exterior
computer or the like. The control portion is integrated with
a controller and wired with an operation panel along with a
focusing control, or a function of controlling the image. The
brightness is constituted to be automatically controlled by
operating a brightness control button provided at the opera-
tion panel or by a detecting signal from the illuminance
sensor for detecting exterior light along therewith.

An operation will be explained next. A power source of
the projector apparatus is switched on, and the image is
projected onto the screen. A user operates the brightness
control button of the control panel by looking at the image.
Or, exterior light is detected by the illuminance sensor, and
a previously set brightness control is executed. Or, both of
exterior light and projected light reflected by the screen are
detected by the illuminance sensor, and the brightness
control is executed from a difference between light amounts
thereof. When the control of the brightness on the screen is
instructed by the controller, the light amount control appa-
ratus executes the following operation.

First, the above-described drive apparatus 30 is in a state
where the transmitting mechanism 40 stays at the home
position. Although the home position is set to the escaping
position as illustrated, the home position may be either of the
contracting position or a middle point between the contract-
ing position and the escaping position. The control circuit 50
receives a starting signal of a predetermined pulse number
by receiving either signal of the manual control or the
automatic control at the previous set home position, and a
pulse power source is supplied to the drive motor 31. The
drive motor is rotated by a predetermined angle by supply-
ing the power source. Then, the drive gear 33a is rotated by
a predetermined angle. The timing belt 34 brought in mesh
therewith is driven, and the transmitting member 40 is
pivoted by a predetermined amount. The pair of light
amount control plates 20a, 205 is moved by a predetermined
angle by pivoting the transmitting member 40. The light
amount of the light path R is controlled to be large or small
by moving the light amount control plates 20a, 205 by the
predetermined angle, and the image projected to the screen
is controlled to be bright or dark.

In such a procedure, according to the invention, the pair
of light amount control plates 20a, 205 is supported by the
rotating support shafts to pivot in the advancing direction of
the light path at the side edge portions of the light path R for
projecting light from the light source onto the screen to be
opposed to each other. Accordingly, the light amount control
plates in the blade-like shape hang a space which is moved
to open and close, and moving loci are drawn as shown in
FIGS. 3(a) and 3(4). In this case, the pair of light amount
control plates. 20qa, 205 is supported by the rotating support
shafts 70, 71 arranged substantially in parallel with each
other at the left and right side edges of the light path R. The
drive rotating shaft 33 for rotating the pair of light amount
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control plates 20a, 205 by the predetermined angle is also
arranged substantially in parallel with the support shafts 70,
71.

Therefore, the support shafts for supporting the pair of
light amount control plates and the rotating shaft for driving
the pair of light amount control plates are arranged substan-
tially in parallel with each other at the left and right side
portions of the light path R, and the apparatus is integrated
by reducing a space of projecting in the side direction of the
light path R. Further, the drive force of the drive rotating
shaft 33 is transmitted to the rotating support shafts by the
transmitting member arranged in a direction substantially
orthogonal thereto. Accordingly, the transmitting member is
contained at a peripheral edge portion of the light path R to
downsize the apparatus.

The light amount control apparatus of the invention can
be utilized in an optical apparatus for controlling a light
amount other than the projector apparatus.

According to the invention, the amount of light passing
the light path is controlled by pivoting the pair of light
amount control plates arranged at the side edge portions of
the projecting light path opposed to each other in the
advancing direction of the light path. As compared with a
case of moving the light amount control plates in the plane
orthogonal to the light path, the light amount control appa-
ratus is not projected to extrude in the side direction of the
projecting light path, and the apparatus can be downsized.

According to the invention, the pair of light amount
control plates is supported by the rotating support shafts
arranged substantially in parallel with each other at the side
edge portions of the light path opposed to each other. The
drive rotating shaft is arranged substantially in parallel with
the rotating support shafts. The transmitting member is
arranged in the direction substantially orthogonal thereto.
Accordingly, respective element parts constituting the light
amount control apparatus can be arranged compactly at the
peripheral edge of the light path, and the apparatus can be
downsized. Particularly, the drive apparatus of the drive
motor or the like is arranged in parallel with the direction the
same as those of the rotating support shafts. Accordingly, the
drive apparatus is not projected in the side direction of the
light path. Since the pair of rotating support shafts is
arranged substantially in parallel with each other and the
transmitting member is provided in the direction substan-
tially orthogonal thereto, in moving the transmitting mem-
ber, the transmitting member can easily be realized to
transmit to move by the same amount in synchronism with
the pair of light amount control plates.

According to the invention, the mechanism of controlling
the light amount of the projecting light path can be arranged
to integrate to the peripheral edge of the light path. Accord-
ingly, small-sized compact formation of the apparatus can be
achieved, and the light amount control apparatus capable of
accurately controlling the light amount and the projector
apparatus using the same can be provided.

By respectively attaching one of the pair of light amount
control plates at the first gear assembly, and by attaching the
other thereof at the second gear assembly at the positions
spaced apart from the rotational centers of the first gear
assembly and the second gear assembly by the predeter-
mined distances, the pair of light amount control plates is
rotated centering on the rotational centers of the respective
assemblies. The amount of displacing the front ends of
shielding by the light amount control plates into the light
path relative to the rotational angle o becomes substantially
constant at a center of rotation. The control is facilitated by
the drive motor, and the light amount control can pertinently
be executed.

The pair of rotating support shafts is arranged substan-
tially in parallel with each other. The transmitting member
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removing the backlash is provided in the direction substan-
tially orthogonal thereto. Accordingly, in moving the trans-
mitting member, the transmitting member can easily be
realized to transmit to move by the same amount in syn-
chronism with the pair of light amount control plates.

The light amount control apparatus is attached to the main
body of the projector apparatus inclined to the direction
orthogonal to the advancing direction of the projecting light
path. Accordingly, even when the pair of light amount
control plates is pivoted to the operating positions, the
respective light amount control plates can always maintain
the inclined state relative to the advancing direction of the
light path. Most of light reflected by the surfaces of the
respective light amount control plates is diverged to outside
of the light path. The reflected light is not returned to the
reflector of the light source A to repeat re-irradiation. As a
result, there is not brought about the light amount speckle
caused by repeating re-irradiation. There is not brought
about the operating speckle by causing a temperature rise by
containing heat between the light source A and the light
amount control apparatus C, and the stable light amount
control can be executed.

The disclosures of Japanese Patent Applications No.
2004-262691, filed on Sep. 9, 2004, No. 2004-262692, filed
on Sep. 9, 2004, No. 2004-262693, filed on Sep. 9, 2004, and
No. 2004-262694, filed on Sep. 9, 2004, are incorporated in
the application.

While the invention has been explained with reference to
the specific embodiments of the invention, the explanation is
illustrative and the invention is limited only by the appended
claims.

What is claimed is:

1. A light amount control apparatus comprising:

at least one pair of light amount control plates facing each
other and arranged at side edge portions of a light path
of a light source;

a pair of rotating support shafts arranged substantially
parallel to each other for supporting the pair of light
amount control plates so that the pair of the light
amount control plates rotates relative to the light path;

a driving device having a drive rotating shaft, said drive
rotating shaft being arranged substantially parallel to
the pair of the rotating support shafts; and

a transmitting member for transmitting rotation of the
drive rotating shaft to the pair of light amount control
plates, said transmitting member including a first gear
assembly arranged perpendicular to the drive rotating
shaft and connected thereto to rotate in a first direction,
and a second gear assembly associated with the first
gear assembly and rotating in a second direction oppo-
site to the first direction, said first gear assembly
supporting one of the pair of light amount control plates
and said second gear assembly supporting the other of
the pair of light amount control plates;

wherein said first gear assembly includes one first spur
gear with first teeth, and said second gear assembly
includes two second spur gears with second teeth
rotatably supported on a same axis for meshing with the
one first spur gear, said two second spur gears being
urged in a direction that the two second spur gears are
pulled each other in a rotational direction thereof, said
second teeth being held at positions shifted from each
other, said first teeth meshing with a portion between
the second teeth.

2. A light amount control apparatus according to claim 1,
wherein said first gear assembly is connected to the drive
rotating shaft through a timing belt and rotates the second
gear assembly so that the transmitting member transmits
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rotation in a direction substantially perpendicular to the pair
of rotating support shafts so that the pair of light amount
control plates rotates by a constant amount when the drive
rotating shaft rotates the first gear assembly.

3. A light amount control apparatus according to claim 1,
wherein said one of the pair of light amount control plates
is attached to the first gear assembly and the other of the pair
of light amount control plates is attached to the second gear
assembly at positions away from rotational centers of the
first gear assembly and the second gear assembly by prede-
termined distances so that the pair of light amount control
plates rotates by a predetermined angle between an operat-
ing position where the pair of light amount control plates
advances into the light path and an escaping position where
the pair of light amount control plates is escaped from the
light path.

4. A light amount control apparatus comprising:

at least one pair of light amount control plates facing each
other and arranged at side edge portions of a light path
of a light source;

a pair of rotating support shafts arranged substantially
parallel to each other for supporting the pair of light
amount control plates so that the pair of the light
amount control plates rotates relative to the light path;

a driving device having a drive rotating shaft, said drive
rotating shaft being arranged substantially parallel to
the pair of the rotating support shafts; and

a transmitting member for transmitting rotation of the
drive rotating shaft to the pair of light amount control
plates, said transmitting member including a first gear
assembly arranged perpendicular to the drive rotating
shaft and connected thereto to rotate in a first direction,
and a second gear assembly associated with the first
gear assembly and rotating in a second direction oppo-
site to the first direction, said first gear assembly
supporting one of the pair of light amount control plates
and said second gear assembly supporting the other of
the pair of light amount control plates;

wherein said pair of light amount control plates includes
two pairs of light amount control plates facing each
other provided at the left and right side edge portions
and upper and lower side edge portions of the light
path, said two pairs of light amount of control plates
being rotationally supported by rotating support shafts
relative to the light path.

5. A light amount control apparatus comprising:

at least one pair of light amount control plates facing each
other and arranged at side edge portions of a light path
of a light source;

a pair of rotating support shafts arranged substantially
parallel to each other for supporting the pair of light
amount control plates so that the pair of the light
amount control plates rotates relative to the light path;

a driving device having a drive rotating shaft, said drive
rotating shaft being arranged substantially parallel to
the pair of the rotating support shafts; and

a transmitting member for transmitting rotation of the
drive rotating shaft to the pair of light amount control
plates, said transmitting member including a first gear
assembly arranged perpendicular to the drive rotating
shaft and connected thereto to rotate in a first direction,
and a second gear assembly associated with the first
gear assembly and rotating in a second direction oppo-
site to the first direction, said first gear assembly
supporting one of the pair of light amount control plates
and said second gear assembly supporting the other of
the pair of light amount control plates;
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wherein said first gear assembly includes one first spur
gear with first teeth connected to the drive rotating
shaft, and said second gear assembly includes a pair of
second spur gears with second teeth rotatably supported
on a same axis, said pair of second spur gears being
urged in a direction that the pair of the second spur
gears is pulled each other in a rotational direction
thereof, said second teeth being held at positions
shifted from each other, said first teeth meshing with a
portion between the second teeth.

6. A light amount control apparatus according to claim 5,
further comprising an urging device interposed between the
pair of second spur gears for urging the same in the direction
that the pair of second spur gears is pulled each other.

7. A light amount control apparatus according to claim 6,
wherein said urging device includes a tension spring inter-
posed between the pair of second spur gears.

8. A light amount control apparatus comprising:

at least one pair of light amount control plates facing each
other and arranged at side edge portions of a light path
of a light source;

a pair of rotating support shafts arranged substantially
parallel to each other for supporting the pair of light
amount control plates so that the pair of the light
amount control plates rotates relative to the light path;

a driving device having a drive rotating shaft, said drive
rotating shaft being arranged substantially parallel to
the pair of the rotating support shafts; and

a transmitting member for transmitting rotation of the
drive rotating shaft to the pair of light amount control
plates, said transmitting member including a first gear
assembly arranged perpendicular to the drive rotating
shaft and connected thereto to rotate in a first direction,
and a second gear assembly associated with the first
gear assembly and rotating in a second direction oppo-
site to the first direction, said first gear assembly
supporting one of the pair of light amount control plates
and said second gear assembly supporting the other of
the pair of light amount control plates;

wherein said pair of light amount control plates includes
side ends situated adjacent to the light path and rotating
around the pair of rotating support shafts when the pair
of light amount control plates is situated at an escaping
position where the pair of the light amount control
plates is escaped from the light path, said side edges
being bent outwardly relative to a center of the light
path at an angle equal to a substantially right angle or
greater.

9. A projector apparatus comprising:

an image forming device for forming an image;

a projecting light path for projecting light from a light
source to the image forming device;

a pair of light amount control plates facing each other and
arranged at side edge portions of the projecting light
path;

a pair of rotating support shafts arranged at the side edge
portions of the light path substantially parallel to each
other for supporting the pair of light amount control
plates so that the pair of light amount control plates
rotates relative to the light path;

a driving device having a drive rotating shaft for rotating
the pair of light amount control plates to open and
close, said drive rotating shaft being arranged substan-
tially parallel to the rotating support shafts; and

a transmitting member including a first gear assembly
arranged perpendicular to the drive rotating shaft and
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connected to the drive rotating shaft to rotate in a first
direction, and a second gear assembly associated with
the first gear assembly and rotating in a second direc-
tion opposite to the first direction, said first gear assem-
bly supporting one of the pair of light amount control
plates and said second gear assembly supporting the
other of the pair of light amount control plates;

wherein said first gear assembly includes one first spur
gear with first teeth connected to the drive rotating
shaft, and said second gear assembly includes a pair of
second spur gears with second teeth rotatably supported
on a same axis, said pair of second spur gears being
urged in a direction that the pair of second spur gears
is pulled each other in a rotational direction thereof,
said second teeth being held at positions shifted from
each other, said first teeth meshing with a portion
between the second teeth.

10. A projector apparatus comprising:

an image forming device for forming an image;

a projecting light path for projecting light from a light
source to the image forming device;

a pair of light amount control plates facing each other and
arranged at side edge portions of the projecting light
path;

a pair of rotating support shafts arranged at the side edge
portions of the light path substantially parallel to each
other for supporting the pair of light amount control
plates so that the pair of light amount control plates
rotates relative to the light path;

a driving device having a drive rotating shaft for rotating
the pair of light amount control plates to open and
close, said drive rotating shaft being arranged substan-
tially parallel to the rotating support shafts; and

a transmitting member including a first gear assembly
arranged perpendicular to the drive rotating shaft and
connected to the drive rotating shaft to rotate in a first
direction, and a second gear assembly associated with
the first gear assembly and rotating in a second direc-
tion opposite to the first direction, said first gear assem-
bly supporting one of the pair of light amount control
plates and said second gear assembly supporting the
other of the pair of light amount control plates;

wherein said pair of light amount control plates includes
side ends situated adjacent to the projecting light path
and rotating around the pair of rotating support shafts
when the pair of light amount control plates is situated
at an escaping position where the pair of light amount
control plates is escaped from the projecting light path,
said side edges being bent outwardly relative to a center
of the projecting light path at an angle equal to a
substantially right angle or greater.

11. A projector apparatus according to claim 9, wherein
said pair of light amount control plates is arranged to be
inclined relative to the projecting light path.

12. A projector apparatus according to claim 11, wherein
said pair of light amount control plates rotates by a prede-
termined angle between an operating position where the pair
of light amount control plates advances into the projecting
light path and an escaping position where the pair of light
amount control plates is escaped from the projecting light
path.



