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[s7 ABSTRACT

A diaphragm device including a pair of diaphragm
blades movable in opposite directions relatively to each
other along a moving line passing through an optical
axis of an optical system characterized in that each of
the diaphragm blades is provided with an opening of a
shape consisting of combination of an arc having a cen-
ter of curvature located on said moving line and at least
one arc having a radius smaller than the above-men-
tioned arc and having a center of curvature located on
said moving line or on a line at right angle to said mov-
ing line.

3 Claims, 13 Drawing Sheets
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1
DIAPHRAGM DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a diaphragm device
for use in cameras, such as single-lens reflex camera,
lens-shutter camera, video camera, electrostatic still
camera or the like.

2. Description of the Related Art

A diaphragm device is used to change an area of an
aperture of an optical system in order to adjust quantity
of incident light passing into the optical system. From
an idealistic viewpoint it is most preferable that the
aperture of the diaphragm has a circular shape. This is
because out-of-focus state of an image formed through
the circular aperture is uniform in all directions and
because the circular aperture has minimum proportion
of its circumferential length to its area, so that the image
is most insusceptible to influence of diffraction. Such
circular aperture can be formed by an iris diaphragm
having increased number of diaphragm blades. How-
ever the cost for manufacturing the diaphragm is expen-
sive and it is difficult to produce such diaphragm at low
cost. ’

With the object of obtaining the diaphragm at low
cost, several types of diaphragm having only two dia-
phragm blades have been proposed. FIG. 1 shows an
example of the diaphragm of this kind, in which one of
the diaphragm blades has an opening of tadpole shape,
including a circular portion of maximum diameter and a
tail-like portion extending from a part of the circular
portion. FIG. 2 shows another example of the dia-
phragm of this kind, in which each of the diaphragm
blades has an opening of partial square shape. FIG. 3
shows a further example of the diaphragm of this kind in
which each of the diaphragm blades has an opening of
the shape including a semi-circular portion of maximum
diameter and a semi-hexagonal portion extending from
a part of said semi-circular portion.

These diaphragm devices have defects as explained
below.

The diaphragm device as shown in FIG. 1 is a center-
position changing diaphragm in which the center of the
aperture area of the diaphragm continually changes its
position as the diaphragm is operated.

The diaphragm as shown in FIG. 2 always holds its
aperture in the form of a square, so that the center of the
aperture area does not change its position.

However, when the image is in out-of-focus state it is
deformed in only two directions, owing to the existence
of only two tangential directions and, furthermore, the
out-of-focus image of a point source is deformed into a
square shape, which looks strange.

According to the construction as shown in FIG. 3,
the aperture takes the form of rugby-ball, at an interme-
diate state of the aperture closing prcess, which has a
large length-breadth ratio, so that there is substantial
difference in degree of defocussing depending upon the
direction. Furthermore, the shape of the aperture con-
stantly varies according to the opening size of the dia-
phragm, so that it is impossible to produce a good im-
age.

Particularly in the case where it is desired to produce
a soft-focus effect or an intentional out-of-focus effect at
peripheral portion of a picture, it has been difficult to
attain such effects uniformly at the peripheral portion of
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2
the picture, for example in the breadthwise and vertical
directions of the picture.

FIGS. 4 and § illustrate another example of the con-
ventional diaphragm device including a pair of dia-
phragm blades which are movable in opposite direc-
tions relatively to each other along a common moving
line to control the aperture diameter of the diaphragm.
In these figures, 1 is a driving motor for driving the
diaphragm blades, 2 is a blade driving lever fixedly
connected to the output shaft of said driving motor and
having blade driving pins mounted thereon to drive the
diaphragm blades, 3 is a base plate slidably supporting
the diaphragm blades thereon, and 4 and 5 are the dia-
phragm blades for adjusting the quantity of light passing
through an objective. These diaphragm blades are slid-
ably held on said base plate and connected by the pins to
said blade driving lever 2. The diaphargm blades 4 and
5 have cut portions 4a and 5a, respectively, which co-
operate to form a diaphragm aperture.

These diaphragm blades 4 and 5 are arranged to be
movable in parallel toward or away from each other
along a2 common straight line on a plane at right angle to
the optical axis of the photographing lens. Thus the
motor 1 serves to rotate the blade driving lever 2, which
drives the diaphragm blades 4 and 5 trough the blade
driving pins to cause parallel movement of said dia-
phragm blades.

FIG. § shows the fully opened state of the diaphragm
device, where the larger diameter portions of the cut
portions 42 and 5a come into alignment with each other
to open the full diameter of the lens.

In operation of the diaphragm, a voltage signal is fed
from a voltage source (not shown) to the driving motor
1. The blade driving lever 2 fixedly connected to the
output shaft of the motor 1 is rotated thereby, and the
diaphragm blades 4 and 5 connected to said blade driv-
ing lever 2 through the pins are moved in opposite
directions along the common straight line.

Thus the opening area of the aperature formed by the
cut portions 4¢ and S5a of the diaphragm blades 4 and 5
is decreased until the opening area reduces to its mini-
mum diameter.

According to the conventional diaphragm device as
described above, the aperture formed by the diaphragm
blades 4 and 5 has a square shape having two sides
formed by one of the diaphragm blades and other two
sides formed by the other diaphragm blade. Although
this type of the diaphragm device produces a satisfac-
tory image when it is in in-focus state, it has a defect as
explained above with reference to FIG. 2. That is, when
the image is in out-of-focus state, the image of a point
source is deformed into a square shape, owing to the
square luminons flux. A square shape is in line symme-
try and, consequenily, an out-of-focus image is de-
formed in two directions only, and thus a very poorly
deformed image is produced.

SUMMARY OF THE INVENTION

It is a first object to provide a diaphragm device in
which the defects as described above are removed and
optimum shapes of aperture opening of the diaphragm
for attaining intentional out-of-focus states can be pro-
duced at a plurality of stages of the aperture opening
size.

In order to attain such object, the present invention
provides a diaphragm device including a pair of dia-
phragm blades movable in opposite directions relatively
to each other along a common moving line passing
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through an optical axis of an optical system, in which
each diaphragm blade has an opening having a periph-
eral shape consisting of a plurality of arcs which have
gradually smaller radius of curvature and gradually
shifted centers of curvature on said common moving
line.

It is a second object of the invention to provide a
diaphragm device in which the out-of-focus effect hav-
ing no directional difference on an image can be pro-
duced.

If the diaphragm biade having the shape as described
above is used to attain the above-mentioned first object,
the shape of the aperture opening varies as shown in
FIGS. 12(a), 12(d), 12(c), 12(d) and 12(e), at the succes-
sive stages of the aperture opening size of the dia-
phragm as the diaphragm blades are moved in opposite
directions to each other. Referring to these figures,
FIG. 12(e) shows the maximum opening state, FIG.
12(¢) shows the minimum opening state, and FIGS.
12(b)-13(d) show the intermediate opening states, re-
spectively, wherein FIG. 12(d) shows the state which
substantially corresponds to the commonly used open-
ing state. As is clear from these figures, the opening
state having circular shape or substantially circular
shape is obtained at the three aperture opening sizes
including the maximum opening size (a), the commonly
used opening size (d) and the minimum opening size (e).
However, in the commonly used opening state, that is,
the most frequently used state (d), the lengthwise size is
different from the breadthwise size, so that “difference
in out-of-focus state” is caused, according to lengthwise
and breadthwise directions. This is the problem in the
diaphragm device which is directed to attain the first
object.

The second object of the present invention resides in
avoiding such problem in the diaphragm device which
aims at attaining the first object and providing a dia-
phragm device including a pair of diaphragm blades
having such opening shapes that a circular or substan-
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tially circular opening can be formed at a plurality of 40

sizes of aperture opening and its length-to-breath ratio is
approximately equal to one at all times.

It is a third object of the present invention to provide
a diaphragm device which is suvitable to drive the dia-
phragm blades which attain the first and second objects
as described above.

It is a fourth object of the present invention to pro-

vide an improvement in a diaphragm device including a
plurality of diaphragm blades movable along a straight
line to form an aperture opening which attains the first,
second and third objects as described above, character-
ized by the fact that said diaphragm device includes a
plurality of diaphragm blades relatively movable in
parallel with each other along a common straight line,
which are so arranged that the aperture opening formed
by these diaphragm blades varies its size, while holding
its similar five or more cornered polygonal shape, until
it reaches at its minimum aperture opening size, except
when the diaphragm blades are positioned in the fully
opened state.
It is a fifth object of the present invention to provide
a diaphragm device including two or more diaphragm
blades movable relatively to each other along a com-
mon straight line to form an aperture opening which is
variable from its maximum size to its minimum size,
wherein the construction of the diaphragm device can
be made to be compact as compared with the conven-
tional construction.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to § illustrate several diaphragm devices
according to prior arts.

FIGS. 6 to 11 illustrate a first embodiment of the
present invention in which:

FIG. 6 shows the shape of the diaphragm blade;

FIGS. 7(a), 7(b) and 7(c) show the successive states of
the diaphragm aperture opening as the diaphragm
blades are moved relatively to each other;

FIG. 8 is a plan view of the diaphragm device in its
fully opened state;

FIG. 9 lllustrates the respective diaphragm blades;

FIG. 10 is a sectional view taken along a line A—A in
FIG. 8; and

FIG. 11 is a plan view of the diaphragm device in its
closed state.

FIGS. 12 io 15 illustrate a second embodiment of the
present invention in which:

FIGS. 12(a), 12(b), 12(c), 12(d) and 12(e) show the
successive states of the diaphragm aperture opening
formed by the diaphragm blades;

FIG. 13 illustrates the shape of the aperture opening
formed by the diaphragm blades;

FIGS. 14(a), 14(), 14(c), 14(d) and 14(¢) show the
successive states of the diaphragm aperture opening
formed by the diaphragm blades; and

FIG. 15 illustrates a modified form of the diaphragm
blade. :

FIGS. 16 to 23 illustrate a third embodiment of the
present invention in which:

FIG. 16 is a side view of the diaphragm device;

FIG. 17 is an exploded perspective view;

FIG. 18 is a plan view; and

FIGS. 19, 20 and 21, 22 and 23 illustrate the succes-
sive steps of the operation of the diaphragm device.

FIGS. 24 to 28 illustrate a fourth embodiment of the
present invention in which:

FIG. 24 is a side view of the diaphragm device;

FIG. 25 is an exploded perspective view; and

FIGS. 26, 27 and 28 illustrate the successive steps of
the operation of the diaphragm device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now the preferred embodiments of the present inven-
tion will be explained with reference to the accompany-
ing drawings.

FIGS. 6 to 11 illustrate a first embodiment of the
present invention.

Before explaining the detailed mechanism of the pres-
ent invention, a description will be given to the funda-
mental construction.

Referring to FIG. 6, the diaphragm device includes a
pair of diaphragm blades 11 and 12, which are movable
at equal amounts in opposite directions relatively to
each other along a moving line or line of movement
which passes through an optical axis O of an optical
system (not shown). The diaphragm blades move on the
line of movement. A cut opening portion is formed in
each of the diaphragm blades and these cut opening
portions cooperate to form an aperture opening. The
cut opening portion formed in the blade 11 is symmetri-
cal to that formed in the blade 12. Accordingly, a de-
tailed description will be given to the diaphragm blade
11 only.

Firstly, a first circle is described which has a radius of
curvature rl corresponding to the maximum size of the
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aperture opening of the diaphragm and a first center of
. curvature Oj located on the optical axis O. Then, a
second center of curvature O2 of a second circle having
radius r2 corresponding to the commonly used aperture
opening of the diaphragm is determined at a position
where the length of a straight line connecting two inter-
section points of the first circle of radius r1 and the
second circle of radius r2 is equal to the diameter of the
second circle of radius r2 or at a position nearer to the
optical axis O by alength shorter than half of said radius
r2. Then, a third center of curvature O3 of a third circle
having radius r3 is determined on the moving line or
line of movement L in the same manner as in the deter-
mination of the second circle of radius r2.

The diaphragm blade 11 is formed with a cut portion
115 which is open at its one end and closed at its other
end by a continuous periphery consisting of five arcuate
portions including two arcuate portions 1151 and 115,
having radius r1, two arcuate portions 1153 and 1154
having radius r2 and one arcuate portion 11bs having
radius r3, as shown in FIG. 9.

The other diaphragm blade 12 is formed with a cut
portion 126 which cooperates with the cut portion 115
to form the aperture opening. The cut portion 125 has a
continuous periphery consisting of a circle 1251 having
radius rl, arcuate portions 12b; and 12b3 having radius
12 and an arcuate portion 12b4 having radius r3, as
shown in FIG. 9.

FIGS. 7(a), 7(b) and 7(c) illustrate three representa-
tive exposure states of the aperture opening which are
formed by the two diaphragm blades having the cut
portions as explained above when they are moved rela-
tively to each other. FIG. 7(a) shows the maximum
opening state. In FIG. 7(g), the arcuate portions of
radius r2 and r3 are not observed, because the part of
the cut portion of one of the diaphragm blades project-
ing outwardly of the maximum radius opening is con-
cealed by the circular portion of the cut portion of the
other diaphragm blade. FIG. 7(b) shows the state corre-
sponding to the commonly used aperture opening,
where the opening can be assumed to be substantially
circular. FIG. 7(c) shows the minimum opening state,
where the opening is circular.

Now, the embodiments of the present invention in-
cluding a driving mechanism for driving the diaphragm
blades will be explained.

FIGS. 8 to 11 illustrate the first embodiment of the
present invention.

Referring to FIG. 8, the diaphragm blades 11 and 12
have cut portions having the shapes as explained above.
In the illustrated embodiment, the diaphragm blades 11
and 12 have actual shapes, as shown in FIG. 9, which
facilitate assembling of these diaphragm blades into the
diaphragm device. The diaphragm blades 11 and 12 are
formed with portions which project from parts of the
blades, respectively, and slots 11z and 124 are formed in
the projecting portions, respectively. The both dia-
phragm blades 11 and 12 engage with sliding rails 13a
and 13b formed on upper and ,lower sides of a support-
ing base plate 13, so that the diaphragm blades are slid-
able on the base plate along a moving line L, whichis a
straight line.

A driver 14, for example a driver using a meter, is
fixedly mounted on the base plate 13. The driver 14 is
controlled by an electric control circuit (not shown) to
control the angle of rotation of its output shaft 14a. A
driving arm 15 is fixedly connected at its central portion
to the output shaft 14a and said driving arm has driving
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6
pins 15q and 155 formed on the respective ends thereof.
The driving pin 15a is shown in FIG. 10 which is a
sectional view taken along a line A—A in FIG. 8.

The driving pin 15a loosely fits in the abovemen-
tioned slot 11a formed in the diaphragm blade 11, while
the driving pin 15b loosely fits in the slot 12a formed in
the diaphragm blade 12. Accordingly, when the driving
arm 15 is rotated, the driving pins 152 and 15b push the
edges of the slots 11a and 124, respectively, so that the
diaphragm blades 11 and 12 make sliding movements in
opposite directions to each other.

According to the construction as described above,
when the driver 14 is actuated to rotate the driving arm
15 to a desired angle to cause relative movements of the
diaphragm blades 11 and 12 in opposite directions, the
cut portions of the diaphragm blades 11 and 12 are
moved toward or away from each other to produce an
aperture opening corresponding to a desired F-value.
FIG. 11 shows the state where the diaphragm blades
have been moved to form an aperture opening smaller
than the commonly used aperture opening.

Although it is described with reference to the illus-
trated embodiment that the periphery of the cut portion
formed in the diaphragm blade consists of three differ-
ent types of arcuate portions, it may be possible to form
the periphery of the cut portion by combination of four,
five or more types of arcuate portions. It is to be noted,
however, that as the number of types of arcuate por-
tions is excessively increased, the final shape of the
opening becomes similar to the shape as shown in FIG.
2. Accordingly, the maximum number of types of arcu-
ate portions to be combined to form one cut portion
may be five, in practice.

In case where the second center of curvature is deter-
mined at the position nearer to the optical axis than the
position where the distance between the intersection
points of the first circle and the second circle is equal to
the diameter of the second circle, the aperture opening
takes a form which is a little deformed in the lengthwise
direction from a circular form but it is possible to some-
what reduce the moving stroke of the diaphragm blade.
It is to be noted, however, that if the second center of
curvature is determined at the position excessively near
to the optical axis, the final shape of the opening be-
comes similar to a circle. Accordingly, it is preferrable,
in practice, that the amount of bringing the second
center of curvature nearer to the optical axis is limited
to substantially half of the radius of the second circle.

It is possible to use, in place of the circular form, an
elliptical or parabolic shape having a radius of curva-
ture similar to that of the circular form. It is also possi-
ble to use, in place of the straight moving line, an arcu-
ate moving line. In such case, the diaphragm blade is
rotated around a center of rotation.

The embodiment as described above provides a dia-
phragm device which is simple in construction and yet
produces such advantages that aperture openings hav-
ing substantially circular shape can be formed at a plu-
rality of stages of opening diameter of the diaphragm
and, particularly, a highly faithful image or a fine out-
of-focus image can be obtained at a frequently used
opening diameter of the diaphragm.

FIGS. 12 to 15 illustrate the second embodiment of
the present invention which aims at attaining the second
object of the invention as mentioned above.

When the diaphragm blade as shown in FIG. 6 is
used, difference is caused between the lengthwise size
and the breadthwise size of the aperture opening at the
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time of commonly used opening state, as explained
above. This is due to the arrangement of the diaphragm
in which a plurality of arcuate portions 21a, 215 and
224, 22b are combined and arranged on the moving line
X which passes through the optical axis (see FIG. 13).
Accordingly, the length-to-breath ratio approximately
equal to one can be obtained by forming additional
arcuate portions on a line at right angle to the moving
line X.

In the embodiment as shown in FIG. 13, additional
arcuate portions 21c and 22¢ having minimum radius are
formed in the diaphragm blades 21 and 22, respectively,
on a line Y at right angle to the moving line X.

According to the embodiment as shown in FIG. 13,
the aperture opening shapes as shown in FIGS. 12(5),
12(c) and 12(d) at the intermediate diaphragm closing
steps are modified to the shapes as shown in FIGS.
14(b), 14(c) and 14(d). Thus, the shape of the aperture
opening at the time of the commonly used diaphragm
opening state becomes similar to a circular shape and
the length-to-breadth ratio becomes substantially equal
to one. Thus the second object can be attained.

Although the additional arcuate portion 21c on the
line Y at right angle to the line X is shown as a portion
having same radius as that of the arcuate portion 215 of
minimum radius, said additional arcuate portion may
have a different radius from that of the arcuate portion
21b. The arcuate portion, of course, may be formed in
the shape other than the precisely circular shape.

Although two diaphragm blades are shown as hori-
zontally slidable to change the aperture opening size in
the embodiment as described above, each diaphragm
blade may be pivotally mounted so that it makes angular
movement. FIG. 15 illustrates such modification of the
diaphragm blade. A diaphragm device wherein a dia-
phragm blade 24 is rotatable around a supporting axis
24a to move along a rotating path 26 including the
optical axis, as shown in FIG. 15, to change the size of
the aperture opening has been publicly known in the art,
and the present invention can be applied to such type of
diaphragm device to attain the desired effect.

The second embodiment of the present invention as
described above provides a diaphragm device in which
the aperture opening having the shape similar to circu-
lar shape can be obtained at a plurality of stages of the
aperture opening sizes and the aperture opening having
length-to-breadth ratio substantially equal to one can be
produced, by properly selecting the shape of the cut
opening portion formed in the diaphragm blades of the
two-blades type diaphragm device which is simple in
construction and which can be manufactured at low
cost.

FIGS. 16 to 23 illustrate the third embodiment of the
present invention which aims at attaining the fourth
object as described above.

FIG. 16 is the side view and FIG. 17 is the exploded
perspective view. In these figures, 31 is a driving motor
having an output shaft 31z which constitutes a driving
source for drving diaphragm blades, 32 is a blade driv-
ing lever fixedly connected to the output shaft 31a of
the driving motor 31 and having blade driving pins
mounted thereon, and 33 is a base plate on which the
diaphragm blades are slidably supported.

The diaphragm blades for adjusting the quantity of
light passing into a photographing lens include first and
second blades 34 and 35 and, in addition thereto, a third
auxiliary blade 36. The blade driving lever 32 has pins
324 and 32¢ formed on the both ends thereof and these
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8
pins engage with slots 34¢ and 35¢ formed at ends of
arms 34b and 35b of the diaphragm blades 34 and 35,
respectively. The blade driving lever 32 has another pin
32b which engages with a slot 36¢ formed at an end of
an arm 365 of the third blade 36.

The diaphragm blades 34, 35 and 36 have aperture
forming cut portions 34a, 35z and 364 formed in these
blades, respectivly. The diaphragm blades 34 and 35 are
arranged to be movable in parallel with each other
along a common straight line on a plane at right angle to
the optical axis. The auxiliary diaphragm blade 36 is
arranged to be movable along said common straight line
on the same plane with said diaphragm blades 34 and 35.

The pins 32a, 32c and 32b of the driving lever 32
engage with the slots 34¢, 35¢ and 36¢ formed at the
ends of the arms 34b, 355 and 36b of the first, second
and third diaphragm blades, respectively, so that the
moving strokes of these diaphragm blades are con-
trolled according to the distances between the respec-
tive pins 32a, 325 and 32c and the center of rotation of
the driving lever 32, respectively.

The aperture forming cut portion 34a of the first
diaphragm blade 34 is a closed opening formed of a
substantially semi-circular part 34ay, and straight parts
344, and 34a3 which connect a point on the moving line
of the diaphragm blades and the ends of said semicircu-
lar part 34a1, respectively. The aperture forming cut
portion 35a of the second diaphragm blade 35 is an
opening which opens at its one end and has cut parts
35ay and 35a; flaring at equal angles from a point on the
moving line of the diaphragm blades.

The third blade is arranged between the first and
second blades and has a cut portion including polygonal
cut parts 36a1-36as.

FIG. 18 shows the fully open state of the diaphragm
device, where the larger diameter parts of the cut por-
tions 34a, 352 and 364 of the diaphragm blades 34, 35
and 36 substantially coincide with each other to provide
the lens with a fully opened aperture.

In operation of the diaphragm, a voltage signal is fed
to the driving motor 31, thereby rotating the motor.
The blade driving lever 32 connected to the output
shaft of the driving motor 31 is rotated, so that the
diaphragm blades 34, 35 and 36 connected to the blade
driving lever 32 by the pins respectively distant from
the center of rotation of the lever are slidingly moved
along the common straight line in the respective direc-
tions with different relative moving rates. Accordingly
the area of the aperture opening is gradually reduced, so
that the diaphragm is operated until the diaphragm
becomes into the state as shown in FIG. 19. This is the
state a little closed from the fully opened state and the
opening has a pentagonal shape including two sides
formed by the diaphragm blade 35 having largest rate of
relative movement, two sides formed by the diaphragm
blade 34 having smaller rate of relative movement and
one side formed by the diaphragm blade 36 having
smallest rate of relative movement and moving in the
same moving direction as that of the diaphragm blade
35 having largest rate of relative movement. When the
driving motor 31 is further rotated from this state so
that the blade driving lever 32 is rotated, the diaphragm
blades come to the positions as shown in FIG. 20. Thus
the aperture opening is closed to its smallest size, while
holding its similar pentagonal shape. Ideally speaking, it
is preferrable to hold the aperture opening in a regular
pentagonal shape, in which it is preferred to hold the
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following relation between the strokes (rates of relative
movement) of the diaphragm blades.

A:B=1:0.309 A:C=1:2.618

If it is not necessary to form the aperture opening in
a shape close to a regular pentagonal shape, it may be
possible to hold such simple relation as A:B=1:1.

FIGS. 22 and 23 illustrate a modified form of the
diaphragm  device according to the present invention.
This modified form includes three diaphragm blades 44,
45 and 46 having aperture forming cut portions 44a, 452
and 46a, as in the embodiment shown in FIGS. 16-20.
According to this modified form, however, the dia-
phragm blade 46 having smallest rate of relative move-
ment is formed with a cut portion 46 in which an an-
gled cut is formed, so that the aperture opening formed
by the cut portions of the three diaphragm blades takes
a hexagonal shape. FIGS. 21 and 22 show the succes-
sive steps of the diaphragm closing process.

FIG. 23 illustrates a further modified form, in which
the diaphragm blades include two main diaphragm
blades 54 and 55 and, in addition thereto, two auxiliary
diaphragm blades 56 and 57, so that a hexagonal aper-
ture opening is formed by these main and auxiliary
diaphragm blades.

The embodiments as described above with reference
to FIGS. 16-23 provides a diaphragm device which
includes two main diaphragm blades and, in addition
thereto, at least one auxiliary diaphragm blade which
has a cut portion of the shape different from the shapes
o the cut portions of the main diaphragm blades and
which has a rate of relative movement different from
those of the main diaphragm blades, whereby an aper-
ture opening can be formed, while holding its similar
five or more cornered polygonal shape until the aper-
ture opening is reduced to its smallest size, except when
the aperture opening is fully opened.

FIGS. 24-28 illustrate the fourth embodiment of the
present invention which aims at attaining the fifth ob-
ject as mentioned above. This embodiment provides a
diaphragm blade driving device in a diaphragm device
including a plurality of diaphragm blades movable in
parallel relative to each other along a common straight
line at right angle to the optical axis, characterized in
that said diaphragm blade driving device comprises a
driving source having an output shaft for driving the
diaphragm blades, a blade driving lever which is rotat-
able about a center of rotation to cause parallel move-
ments of the diaphragm blades, and a lever driving arm
fixedly connected to the output shaft of the driving
source to transmit the rotation of said output shaft to
said diaphragm driving lever, wherein the center of
rotation of said blade driving lever and the center of
rotation of said lever driving arm are arranged in posi-
tions so offset that the angle of rotation of the blade
driving lever is larger than the angle of rotation of the
lever driving arm.

In these figures, 60 is a driving motor which consti-
tutes a driving source for driving the diaphragm blades,
61 and 62 are diaphragm blades for adjusting quantity of
light passing into a photographing lens which are mov-
able in parallel relatively to each other along a common
line on a plane at right angle to the optical axis of said
photographing lens, 61¢ and 62a are aperture forming
cut portions formed in the diaphragm blades, respec-
tively, and 63 is a base plate on which the diaphragm
blades are slidably mounted.
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In order to cause parallel movements of the dia-
phragm blades 61 and 62 on the base plate 63 by rotating
the driving motor 60, a blade driving lever 64 and a
lever driving arm 65 are provided. The blade driving
lever 64 is pivotally mounted on the base plate 63 so that
the blade driving lever 64 is rotatable around a center of
rotation 66. Blade driving pins are mounted on the ends
of the blade driving lever 64, and said driving pins slid-
ably engage in slots formed in the diaphragm blades 61
and 62, respectively, to cause parallel movements of the
diaphragm blades when the blade driving lever is ro-
tated. The lever driving arm 65 is fixedly connected to
the output shaft 67 of the driving motor 60 and its for-
ward end engages with a pin mounted on the blade
driving lever 64, to transmit the rotation of the output
shaft of the driving motor to the blades driving lever.

FIG. 26 shows the fully opened state of the dia-
phragm. In this state the larger diameter portions of the
aperture forming cut portions 61a and 62z of the dia-
phragm blades 61 and 62 come into aligned relation to
form a full open diameter of the lens.

When a voltage signal is fed from a voltage source
(not shown) to the driving motor 60, the output shaft 67
of the driving motor 60 is rotated. The output shaft 67
of the driving motor 60 is fixedly connected to the lever
driving arm 65, which is connected at its forward end to
the pin mounted on the blade driving lever 64, so that
the rotating force is transmitted to the blade driving
lever. When the blade driving lever 64 is rotated by the
lever driving arm 65, the diaphragm blades 61 and 62,
whcih engage with the pins of the blade driving lever 64
and slidably mounted on the base plate 63, are moved
along the straight line on the plane at right angle to the
optical axis, until the aperture opening formed by the
cut portions 61a and 62a is closed, as shown in FIG. 27.

The center of rotation of the driving motor 60,
namely, the output shaft 67 of the same, and the center
of rotation of the blade driving lever are arranged in
relatively offset positions and the distance between the
pin and the center of rotation of the lever driving arm
65 is longer than that of the blade driving lever, so that
the angle of rotation B® of the blade driving lever 64 is
larger than the angle of rotation A° of the driving motor
60. Accordingly, it is possible to increase the angle of
rotation of the blade driving lever, while holding con-
stant angle of rotation of the driving motor 60. There-
fore, it is possible to reduce the radius of the blade
driving lever, namely, the distance between the pin and
the center of rotation of the blade driving lever 64,
while assuring the sliding strokes of the diaphragm
blades from the diaphragm open state to the diaphragm
close state. That is, it is possible to reduce the entire
width of the diaphragm device, indicated by W2 in
FIG. 26.

FIG. 28 illustrates a modified form of the present
invention, in which the direction of offset of the centers
of rotation is changed. In FIG. 28, the parts similar to
those shown in FIGS. 24 and 25 are indicated by same
numerals and the detailed explanations thereof are omit-
ted. As is clear from the drawings, the direction of
offset of the centers of rotation of the blade driving
lever and the lever driving arm (the center of the output
shaft of the driving motor) may be breadthwise direc-
tion of the diaphragm device as shown in FIG. 24 or
lengthwise direction of the diaphragm device, as shown
in FIG. 28, or it may be any other direction as desired.

According to the embodiment of the present inven-
tion as described above, a compact diaphragm mecha-
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nism can be produced owing to the arrangement in
which the center of rotation of the blade driving lever
and the center of rotation of the lever driving arm (the
center of the output shaft of the driving motor) are
located at offset positions. The offset direction can be
easily changed, so that the layout of the other compo-
nents required for the lenses, such as AF motor, PZ
motor and the like is selected with high degree of free-
dom, and a compact construction of the lens unit as a
whole can be produced.

What is claimed is:

1. A diaphragm device including two diaphragm
blades arranged to be movable in parallel relatively to
each other along a common line on a plane at right
angle to an optical axis of an optical system and having
aperture forming cut portions respectively, said dia-
phragm device further comprising at least one auxiliary
diaphragm blade which is movable along said common
line on the same plane as the above-mentioned dia-
phragm blades and has an aperture forming cut portion
of the shape different shape from those of the above-
mentioned diaphragm blades and amount of relative
movement different from those of the above-mentioned
diaphragm blades.

2. A blade driving device for driving diaphragm
blades in a diaphragm device including a plurality of
diaphragm blades movable in parallel relatively to each
other on a common plane at right angle to an optical
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axis of an optical system, said blade driving device com-
prising a driving source for driving the diaphragm
blades, a blade driving lever rotatable around its center
of rotation to cause parallel movements of the dia-
phragm blades, a lever driving arm fixedly connected to
the output shaft of said driving source and transmitting
the rotation of said output shaft to said lever driving
arm, in which the centers of rotation of said blade driv-
ing lever and said lever driving arm are arranged in
such offset positions from each other that the angle of
rotation of said blade driving lever is larger than the
angle of rotation of said lever driving arm.
3. A diaphragm device comprising:
a first diaphragm blade,
a second diaphragm blade,
each of said first and second diaphragm blades com-
bining to form an aperture opening having a plural-
ity of arcuate portions havings centers of curvature
located on a first straight line and at least two said
arcuate portions having a different radius of curva-
ture, and said aperture opening having a plurality
of arcuate sections with the centers of curvature
thereof located on a second straight line intersect-
ing the first straight line at right angles, and
drving means for driving said first and second dia-
phragm blades along the firsi straight line toward

and away from one another.
* * * * *




