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ELECTRICAL FOCAL PLANE SHUTTER WITH

MECHANICAL CONTROL MECHANISM
OPERATIVE UPON ELECTROMAGNETIC
~ FAILURE

~ BACKGROUND OF THE INVENTION

The invention relates to an electrical focal plane
-shutter, and more particularly to such a shutter of the
type in which the second blind of the focal plane shut-
ter is restrained from running by an electromagnet
which is controlled by an electromagnet control device

including a light receiving element which is used for

photometry. | |

As 1s well known, an electrical focal plane shutter is
constructed so that the first blind is caused to run upon
shutter release, while the running of the second blind is
constrained by an electromagnet for producing a de-
sired exposure period. One of the problems involved
with the shutter of this kind is the fact that when a
power supply for the electromagnet is exhausted or its
output substantially reduced, the timing at which the
second blind is caused to run becomes no longer pre-
cisely controllable, thus preventing a proper exposure.
- Another difficulty occurs with the electricl focal plane
shutter of the type described in a high speed operation
such as 1/1000 to 1/2000 second in that if a diaphragm
aperture Is preset, the length of time during which the
- shutter should be open is limited to a very small value
to thereby result in an almost instantaneous deenergiz-
ation of the electromagnet, causing a running of the
second blind substantially simultaneously with the first
blind when it should run in following relationship with

respect to the latter, and thus effectively causing a
failure of the shutter to open. All the operations of an

electrical focal plane shutter take place autornatically,
and even when an exposure period is determined man-
ually, the movement which occures within the shutter
itself depends on electrical means. Where every opera-

tion depends on the electrical means, there occurs an

inconvenience when the power supply is exhausted or
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'second problem mentioned above by the provision of a
‘high speed shutter operation control mechanism in-

cluding a second detent pawl for engagement with the
second blind gear, the second detent pawl being con-
trolled by a second blind control cam which rotates
together with the first blind gear and by an arm mem-
ber which determines an exposure period during a high
speed shutter operation, thereby mechanically control-
ling a very rapid operation of the electromagnet to an
exposure period on the order of 1/1000 to 1/2000 sec-
ond so as to assure a satisfactory shutter opening.

In accordance with the invention, a high speed shut-

ter operation which can not be achieved through the

control of the electromagnet can be assured by a me-
chanical control which is separate from the electro-
magnet. In this manner, a failure of taking pictures
upon depression of a shutter button is completely elimi-
nated.

It is a third object of the invention to provide an
electrical focal plane shutter which eliminates the
above mentioned third problem by the provision of a
manual shutter control mechanism which allows an
exposure period on the order of 1/60 to 1/30 second to
be mechanically obtained with a simple arrangement,
thus completely eliminating the above mentioned dis-
advantage of a shutter which entirely depends on elec-
trical means. In accordance with the invention, a fixed
exposure period can be obtained separately from the
operation of the electrical means. As a result, a camera
can be operated in a satisfactory manner in the event

~ the output of the power supply is reduced. In addition,
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~ 1ts output reduced in that the shutter is locked, leaving

a photographer at a loss as to what to do to correct the
malfunction. On the other hand, the provision of a
mechanism for operating the shutter mechanically in
- addition to the electrical means is not advisable ‘in
consideration of the space requirement within the cam-
era or the increased cost therefor.

- SUMMARY OF THE INVENTION

It is a first object of the invention to provide an elec-
trical focal plane shutter which eliminates the above
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mentioned first problem by the provision of a shutter |

detent mechanism including control means for engage-
ment with a first blind detent pawl a disable a shutter
operation in the event a power supply is exhausted or
its output reduced, thereby preventing a running of the

. ~ first blind if a shutter button is inadvertently depressed.

~In accordance with the invention, the control means

becomes effective to prevent the disengagement of the
first blind detent pawl from its associated gear when the
electromagnet is not deenergized, thus avoiding the
need for a special arrangement or the trouble of detect-
ing a reduction in the output of the power supply. In

this manner, an improper exposure is prevented in a 65

very simple and secure manner. -
It 1s a second object of the invention to provide an
electrical focal plane shutter which overcomes the
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an exact flashlight photographing is assured.

The electrical focal plane shutter according to the
invention may be provided with at least one of the
shutter detent mechanism, the high speed shutter oper-
ation control mechansim and the manual shutter con-
trol mechanism for enhancing its function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the electri-
cal focal plane shutter constructed in accordance with
one embodiment of the invention;

FIGS. 2 to 6 are fragmentary plan views of various
parts of the shutter shown in FIG. 1, illustrating their
operation; |

FIG. 7 is a block diagram of an electromagnet control
device; and

FIG. 8 is a circuit diagram of the electromagnet con-
trol device.

DETALED DESCRIPTION OF THE PREFERRED
'~ EMBODIMENT

Referring to FIG. 1, a first blind gear 2 is fixedly

-mounted on a gear axle 1 indicated by phantom lines,

on which a second blind gear 3 is rotatably mounted.
As indicated in FIG. 3, the gear 2 meshes with a drive

gear S (shown in phantom lines) of a first blind drum 4

for constraining a running of the first blind of the shut-
ter (not shown) which has been taken up on the first
blind drum 4 during a shutter charging operation. In a |
stmilar manner, the gear 3 meshes with a drive gear
(not shown) of a second blind drum 6 which is shown
in phantom lines in FIG. 3 for constraining a running of
the second blind shutter (also not shown) which is
taken up on the second blind drum 6. When the first
blind runs, the gear 2 rotates in the direction indicated
by an arrow a indicated in FIG. 1, and the gear 3 rotates
In the same direction to permit a running of the second
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blind. It is to be understood that the energy for causing
the first and second blinds to run is supplied by the
respective gears which are energized during a film
winding or a shutter charging operation.
~ On its lower surface and adjacent to the periphery,

the gear 2 is provided with an arcuate portion 7 of a
thickness which gradually increases in the direction of

rotation thereof, and rearwardly of the arcuate portion
7 as viewed in the direction of rotation of the gear 2, a
projection 8 for releasing the detent on the second
blind gear is fixedly monted also in the lower surface of
the gear 2. The projection serves to obtain a fixed expo-
sure period, and its function will be descrlbed more
fully later.

A detent member 10 for the first blind gear is pwot—
ally mounted at 9 and has three arms. One of the arms
of the detent member 10 is formed with a pawl 10a at
its end which is located so as to be opposite to the
arcuate portion 7 of the gear 2 (see FIG. 3). The detent
member 10 for the first blind gear is additionally pro-
vided with an abutment 105 at the end of another arm
and also with an engaging portion 10c which is formed
at the end of a third arm. The arm having the abutment
104 is formed with a control piece 104 and a spring
abutment 10e¢, both of which are formed by bending
from the material of the detent member 10. A coiled
spring 11 is loosely fitted over the pivot 9, and has its
one end bearing against the spring abutment 10e and its
other end bearing against a stationary pin 12, thereby
urging the detent member 10 to rotate about the pivot
9 in the direction indicated by an arrow b. During the
initial phase before a shutter release operation, the
detent member 10 has its pawl 10a engaged with the
arcuate portion 7 of the gear 2, thus constraining it
against rotation. Also at this time, the engaging portion
10c of the detent member 10 bears against a pin 13
which is fixedly mounted on another detent member 16
for the second blind gear to be described later, whereby
the extent through which the detent member 10 can
rotate is limited. -

A pusher member 14 which operates in response to a
shutter release operation has a nose 14a which is lo-
cated opposite to the abutment 10b of the detent mem-

‘ber 10. The pusher member 14 may be constructed to
* be operationally integral with a mirror which switches
between a photographing and a finder light path of a
single lens reflex camera, for example. In either event,
the pusher member is interlocked with a shutter re-
lease, and its nose 14a is adapted to urge the abutment
10b against the Sprmg 11, thus causing the detent mem-
ber 10 to rotate in the opposite direction from that of
the arrow b so as to move the pawl 104 away from the
~arcuate portion 7 of the gear 2 to thereby release the
first blind gear 2 for mltlatmg a runnmg of the first
blind. -

A stop 15 is fixedly mounted on the upper surface of
the second blind gear 3 adjacent to the periphery
thereof, and is normally engaged by a pawl 16a which
is formed at the end of one arm of the detent member

16 for the second blind gear 3 (see FIG. 4). The detent
" member ‘16 for the second blind gear is rotatably
mounted on a support axle 17 indicated in phantom
lines in FIG. 1, and has another arm 16b which carries
a pin 20 for pivotally mounting an armature 19
thereon. The armature 19 has a pair of spaced arma-
ture pieces 19a, 19b which are formed by bending from
~ the plane of the armature 19. These armature pleces
are dlsposed in opposing relationship with a pair of
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elecromagnet units 18a, 185 of an electromagnet as-
sembly 18 which is secured to a stationary plate 21. As
will be described later, the electromagnet assembly 18
is energized under the control of a suitable means upon
a shutter release operation, attracting the armature

pieces. However, it should be noted that the armature

19 is initially also retained in the same position as 1t is
attracted by the electromagnet assembly 18 (see FIG.
1) by suitable locking means including levers (not
shown), and is unlocked thereform in response to a
shutter release operation. When the armature 19 is in
its attracted position or in an equivalent position, the
detent member 16 for the second blind gear has its
pawl 16a in engagement with the projection 15 of the
second blind gear 3, thus preventing a rotation thereof.
The detent member 16 also has a third arm 16c¢ and a
pin 164 thereon, the arm 16c¢ being disposed in oppos-
ing relationship with a pusher rod 23 which is fixedly
mounted on one arm 22a of a control member 22
which has the combined: function of releasing the de-
tent member for the first blind gear and locking the
detent member for the second blind gear (see FIG. 6).

The control member 22 is rotatably mounted on the
support axle 17 on which the detent member 16 is
mounted, and has another arm on which an abutment
22b is formed, the abutment 22b being located in op-
posing relationship with the edge of a position control
cam 24 (see FIGS. 1 and 2). The position control cam
24 is mounted on a pivot 25 and has a cam edge 244 of
a larger diameter for an automatic setting and another
cam edge 24b of a smaller diameter for a manual set-
ting. The cam 24 is provided with a dial of exposure
periods on its upper surface, but it should be under-
stood that the cam 24 may be separate from a shutter
dial. The second arm of the control member 22 on
which the abutment 22b is formed is engaged by one
end of a strong spring 26 which has its other end en-
gaged by a stationary pin 26a, whereby the member 22
is urged to rotate in the direction indicated by an arrow
¢ to thereby hold the abutment 22b in bearing engage-
ment agamst the cam edge of the cam 24.

As 1s clearly shown in FIGS. 1 and 4, a second detent |
member 27 for the second blind gear is rotatably
mounted on the support axle 17, and has a pawl 274
formed at the end of its one arm, which pawl bears

against the projection 15 on the second blind gear 3.

On the same arm of the detent member 27 is formed a
fork-shaped recess 27b. An arm member 28 for deter-
mining a high speed exposure period is rotatably
mounted on the support axle 17 and has an arm 28a

carrying a connecting rod 285 which in turn fits into the

recess 27b. the recess 27b may have any other suitable
configuration such as an elongated slot. The arm 28a-of
the member 28 is formed with an abutment 28c at its
end, which abutment is adapted to engage a second
blind control cam 29, the cam operating to determine
an exposure period during a high speed shutter opera-
tion. The cam 29 has a first cam portion 294 of a small
diameter and a second cam portion 295 of a large diam-
eter, and is secured to the gear axle 1 mtegrally with the
first blind gear 2.

-A coiled spring 30 is loosely fitted over the support
axle 17, and has its one end anchored to a pin 31 which
is fixedly mounted on the arm 16c of the detent mem-
ber 16 and its other end bearing against the connecting
rod 28b, thereby urging the detent member 16 to rotate
in the direction indicated by an arrow d and also urging

“the second detent member 27 for the second blind gear
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and the arm member 28 to rotate in the direction indi-
cated by an arrow e. Thus, the pawl 274 of the second
detent member 27 engages the projection 15 on the
second blind gear 3 while the arm 28¢ for the arm
member 28 abuts against the edge of the second blind
control cam 29. .'
~ The second detent member 27 for the second blind
gear, the connecting rod 28b, the arm member 28 and
the second blind control cam 29 constitute together a
high speed shutter operation control mechanism, and
operates to determine an exposure period during a high
speed shutter operation independently from the opera-

10

tion of the electromagnet assembly 18. It will be noted

that the arm member 28 has another arm 284 on which
a pin 32 is fixedly mounted for producing an operation
signal, as by actuating a switch, not shown, in response
to the operation of the arm member 28. |
‘Adjacent to the control piece 104 of the detent mem-
ber 10 is disposed a pair of projections 33a and 335
formed on one arm of a control member 33 for the
~detent member of the first blind gear (see FIG. 3)
‘which is rotatably mounted on the support axle 17 and
is urged to rotate in the direction indicated by an arrow
f by a spring 24 which extends between this arm and the
engaging portion 10c of the detent member 10, thus
maintaining the projection 33b in abutment against an
interlocking rod 35 which depends downwardly from
the arm 165 of the detent member 16, as viewed in FIG.
1. Inttially the projection 33a is disengaged from the
control piece 10d (second position). The control mem-
ber 22 has another arm 33¢ which is disposed in oppos-
Ing relationship with the pusher rod 23 extending from
the member 22. A brake member 36 is rotatably
mounted together with another brake member 37 on an

axle 38, and has its one arm extended initially in the

general plane thereof and then in an upward direction
therefrom so as to form an abutment 36a which is dis-
- posed adjacent to the arm 22a of the member 22 on
which the pusher rod 23 is mounted (see FIG. 2). The
brake member 36 has another arm 365 which extends
into a path of rotation P, of the projection 8 as shown
In FIG. 2 so as to be urged thereby at a given period of
~ time after the commencement of rotation of the first

‘blind gear 2, as will be further described later. When
the arm 36b is urged by the projection 8, the brake
- member 36 cooperates with the other brake member
37 to exert a braking force on the first blind drum 4 in

- the manner of a pair of scissor-like members. Also the
abutment 36a drives the arm 224 of the member 22 to
deactivate the locking function of the second blind gear
by the member 22. The projection 8 and the brake
member 36 form an unlocking mechanism, and it will
be appreciated that the brake member 36 may be re-
- placed by a member which is designed to detect a loca-

tion of the first blind gear. An elongate slot 37a is
- formed at the end of one arm of said other brake mem-
~ber 37, and is loosely fitted over the support axle 17. A
pair of stops 39a, 39b (see FIG. 2) are provided adja-
cent to those portions of the both brake members 36,
37 which bear against the first blind drum 4 for con-
straining the extent of their motion.

In the present embodiment, the high speed shutter
operation control mechanism is constructed in the
manner mentioned above, and the shutter detent mech-
anism is essentially constituted by the control member
33 for the detent member of the first blind gear and.the
~Interlocking rod 35 depending from the detent member
16. Additionally, a manual shutter control mechanism
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essentially comprises the control member 33, the de-
tent member 16 for the second blind gear, the member
22 for releasing the detent member of the first blind

~gear and for locking the detent member of the second

blind gear, the position control cam 24, the projection
8 and the brake member 36 which also serves to detect
the rotation of the first blind gear.

In operation, the electrical focal plane shutter thus
constructed operates as follows:

I. Normal Operation

A normal operation as intended herein refers to a
condition of the camera in which the power supply for
the electromagnet has a sufficient output to provide an
automatic operation of the shutter.

A normal operation can be achieved by a usual oper-
ation of the camera. The position control cam 24 will
be externally rotated to a position in which the cam
edge 24a of a larger diameter is located opposite to the
arm 22b of the member 22. Such an initial condition
prior to a shutter release operation is illustrated in FIG.
6 where it will be noted that the member 22 is rotated
counter-clockwise about the axle 17 from the position
shown in FIG. 2. Also at this time, the detent member
16 for the second blind gear is locked by suitable lock-
Ing means in a position which is equivalent to its posi-
tion assumed when the armature 19 is attracted by the
electromagnet assembly 18, and thus the control mem-
ber 33 has its projection 33a disengaged from the con-
trol piece 10d of the detent member 10 (see FIG. 3).

- Thus the control member 33 assumes the position in
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which it permits a release of the detent member 10
associated with the first blind gear for operation.

Upon shutter release, the pusher member 14 oper-
ates on the abutment 105 of the detent member 10,
whereby the latter is rotated against the action of the
spring 11 in the direction opposite to that indicated by
the arrow b about the axle 9. As the detent member 10
roates, its pawl 10q is disengaged from the arcuate
porton 7 of the first blind gear 2, thus releasing it for
commencing its running.

On the other hand, the locking action applied by said
means (not shown) to the detent member 16 is released
upon shutter release, but is continued by the operation
of the electromagnet assembly 18 which operates to
maintain the detent member 16 in the same initial posi-
tion as before.

When the first blind gear 2 rotates as the first blind
runs, the second blind control cam 29 rotates integrally
therewith, causing its cam portion 295 of a larger diam-
eter to bear against the abutment 28c¢ of the arm mem-
ber 28 to displace it to a position 28A shown in phan-
tom lines in FIG. §. This displacement of the arm mem-
ber 18 is transmitted to- the second detent member 27
for the second blind gear through the connecting rod
28b, whereby the pawl 27a is disengaged from the pro-
jection 15 formed on the second blind gear 3. The cam
portion 29b of the second blind control cam 29 is

- formed so that it maintains the arm member 28 in its
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displaced position and hence maintains the pawl 274
disengaged from the projection 15 during substantially
one revolution of the cam 29.

The electromagnet assembly 18 is preset or con-
trolled by a control circuit including a photometric
element so as to be deenergized after a desired expo-
sure period to release the armature 19. When the arma-
ture 19 is released, the detent member 16 for the sec-
ond blind gear rotates in the direction of the arrow d
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(see FIG. 1) under the action of the spring 30, whereby
its arm 16c¢ bears against the pusher .rod 23 on the
member 22. Thereupon, the pawl 16a is disengaged
from the projection 15§, permlttmg a rotation. of the

second blind gear 3 to initiate a runnmg of the second

blind.
Toward the end of rotation of the first blmd gear 2,

the projection 8 associated with the first blind gear 2
bears against the arm 365 of the brake member 36 to
cause a rotation thereof in the direction of an arrow g
(see FIG. 1), whereby the brake member 36 cooperates
with the other brake member 37 to apply a braking
force on the first blind drum 4, thereby constraining a
movement of the first blind. At this time, the abutment

36a of the brake member 36 does not abut against the

arm 22a of the member 22 since the latter is located
out of the path of rotation of the abutment 36a.

By design, the pressure applied to the detent member
10 by the pusher member 14 is released immediately
after a shutter release operation, so that after the first
blind gear is released, the detent member 10 therefor
rapidly returns to a position in which it can lock the
latter, thus waiting for a return thereof to its original
position after one revolution, for reengagement there-
with.

The abutment 28¢ of the arm member 28 is in sliding
contact with the second blind control cam 29, which
integrally rotates with the first blind gear 2, under the
action of the spring 30, and enters the cam portion 29a
of a reduced diameter toward the end of rotation of the
cam 29. Thereupon, the arm member 28 rotates in the
direction of the arrow e (see FIG. 1), which rotation is
transmitted through the connecting rod 2856 to the
second detent member 27 for the second blind gear,
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under the action of the spring 34. At this time, the
projection 33a will be displaced to a position 33¢A

" (first position) shown in phantom lines, whereby the

' detent member 10 moving in the direction opposite to
‘that indicated by arrow b as a result of the movement of

the pusher member 14 will have its control piece 104 in

abutment against the projection 33a, which thus pre-
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thus positioning the pawl 27a into a path of rotation of 35

the projection 15 on the second blind gear 3 in order to
lock it to interrupt the rotation of the second blind gear
3. At a suitable time after the deenergization of the
electromagnet assembly 18, the detent member 16 for
the second blind gear 1s retumed to the initial position
which it would assume when the armature 19 is at-
tracted by the electromagnet assembly 18, through the
suitable means mentioned above, for engaging the pawl
16a with the projection 15. It w1ll be noted that such a
return of the detent member 16 can be achieved in
connection with the next shutter charging operation.

- II. Operation when the power supply for the

electromagnet assembly 1s exhausted or its output
reduced to cause an incomplete operation of the
electromagnet assembly or to render it inoperable

In this case, the operation is similar to that described
immediately above until a shutter release operation is
performed. However, in this instance, a shutter release
operation does not result in a full energization of the
electromagnet assembly 18, so that the detent member
16 is no longer locked in its initial position and instead
immediately rotates in the direction of the arrow d
upon shutter release. However, it will be noted that
even if the detent member 16 1s dlsengaged from the
projection 15 on the second blind gear 3, the latter can
not rotate as a result of the engagement between the
projection 15 and the second detent member 27. As the
detent member 16 rotates in this manner, the mterlock-
ing rod 35 associated therewith is dlsplaeed to a posi-
tion 35A shown in phantom lines in FIG. 3, and the
control member 33 follows such movement of the rod
- 35 to a displaced position 33A shown in phantom lines,
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vents a further movement thereof. As a resut, the pawl
10a cannot release the arcuate portion 7 of the first
blind gear 2, thus preventing a further movement of the

shutter parts.

[II. Operation when it is desired to produce a given
exposure peritod independently from the operation of
the Electromagnet Assembly or in the event the
Electromagnet Assembly is inoperable

The pesitieri control cam 24 is externally operated to
bring the cam edge 24b of a reduced diameter in oppos-
ing relationship with the abutment 225 of the member

22, Thus, the member 22 is rotated in the direction of
the arrow ¢ from the position shown in FIG. 6, so that

the pusher rod 23 urges the detent member 16 and the
control member 33 to positions shown in solid lines in
FIGS. 4 and 3, respectively. Under this condition, the
projection 33a of the member 33 is not located oppo-

‘site to the control piece 10d of the detent member 10 as

in the mode I, so that upon shutter release, the detent
member 10 fully rotates in the direction opposite to
that indicated by the arrow b, disengaging the pawl 10a
from the arcuate portion 7 on the first blind gear 2. The
detent member 16 is maintained in the same position as
it assumes when the armature 19 is attracted by the
electromagnet assembly 18. The first blind gear 2 is
released from the detent member 10, and as it rotates
with a running of the first blind, a movement of the
second blind control cam 29, the arm member 28 and
the second detent member 27 for the second blind
occurs 1n interlocked relationship therewith in the
same manner as mentioned above in connection with
the mode I, whereby the pawl 274 is disengaged from
the projection 15 on the second blind gear 3.

As the first blind gear 2 further rotates, the projec-
tion 8 associated therewith urges the arm 365 of the
brake member 36 to cause it to rotate in the direction
of the arrow g. Then, the brake member 36 cooperates
with the other brake member 37 to apply a braking
force on the first blind drum, 4, and the abutment 36«
urges the member 22 to rotate in the opposite direction
from that indicated by the arrow c¢. When the member
22 rotates 1n this direction, the detent member 16 for
the second blind gear follows it by rotating in the direc-
tion of the arrow d, disengaging the pawl 16a from the

- projection 13. Thereupon, the second blind gear 3 is

permitted to rotate, causing a running of the second
blind to complete a shutter operation. The subsequent
locking of the first and second blinds take place in a
manner similar to mode 1.

The length of time from the commencement of the
rotation of the first blind gear 2 until the brake member
36 is urged by the projection 8 for movement can be
established to any desired exposure period. It may be

chosen to be 1/60 or 1/30 second so that a shutter

operation for synchronization with a strobo unit or a
flashlight can be achieved independently from the op-
eratlon of the electromagnet assembly 18.
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IV. An exposure_period:during a high speed shutter
operation may be determined independently from the
~ operation of the Electromagnet Assembly
In an electrical shutter, an extremely short exposure
period less than 1/1000 second may be automatically

5 :

set where the diaphragm aperture is preset, but the

actual shutter operation fails to follow such a rapid
operation and may not provide a shutter opening. How-
ever, with the aperture of the invention, an exposure
period for a high speed shutter operation can be

achieved independently from the operation of the elec-
tromagnet assembly. | -

10

- The procedure of the operation of the apparatus is

similar in this case to that described previously in con-
nection with the mode I, but because this is a high
speed shutter operation, the electromagnet assembly
18, while becoming energized upon a shutter release
operation, is deenergized very shortly thereafter, re-
leasing the detent member 16. Thus the detent member
16 rotates in the direction of the arrow d, disengaging
~ its pawl 16a from the projection 15 on the second blind
gear 3. |

When the first blind gear 2 commences its rotation in
response to a shutter release operation, the second
blind gear control cam 29 integrally rotates therewith
as mentioned previously. The cam 29 has a gently
curved transition area 29c¢ intermediate the portions
29a and 29b having a small and a large diameter, re-
spectively. During the time the cam 29 rotates through
an angle 8 corresponding to the extent of the transition
area 29c, as shown in FIG. 5, since the commencement
of its rotation, the arm member 28 is displaced to the
position 28A as a result of the transition area 29c

urging the abutment 28¢. As the arm member 28 is

displaced in this manner, the second detent member 27
for the second blind gear follows it, whereby its pawl
27a is disengaged from the projection 15 on the second
blind gear 3, and since the detent member 16 is already
disengaged therefrom, a rotation of the second blind
gear 3 1s permitted, thus causing a running of the sec-
ond blind to close the shutter opening. The subsequent
operation of the various parts takes place in the similar
manner as in the mode I. |

- In the apparatus of the invention, the transition area
29¢ of the cam 29 and the abutment 28¢ of the arm
- member 28 are dimensioned so that the time interval
for the arm member 28 to be displaced from the posi-
tion shown in solid line to the position 28A shown in
phantom lines in FIG. 5 corresponds to an exposure

period of 1/1000 to 1/2000 second, thereby reliably

- producing an exposure period for a high speed shutter

operation, independently from the operation of the

electromagnet assembly 18. Where the electromagnet
assembly 18 is deenergized at a time latér than the time
when the displacement of the arm member 28 is termi-
‘nated, the detent member 16 will be disengaged from
the projection 15 at a time later than the second detent
member 27 is disengaged therefrom, so that the shutter
operation under this condition is similar to that de-
scribed in connection with mode I. "

- Referring to FIGS. 7 and 8, an example of an electro-
magnet control device 40 which controls the operation
of the electromagnet assembly 18 will be described.
The device 40 comprises an integrator circuit 41, a
comparator circuit 42, a supply voltage detection cir-
cuit 43 and an electromagnet drive circuit 44, the spe-

cific construction of these circuits being illustrated in
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FIG. 8. In FIG. 8, the integrator circuit 41 includes an
operational amplifier 45; the comparator and electro-
magnet drive circuits 42, 44 include a high gain differ-
ential amplifier 46; and the supply voltage detection
circuit 43 includes a high gain differential amplifier 47
which includes a supply voltage divider (not shown).

- The amplifier 47 remains inoperative when the supply
voltage is sufficiently high to provide a normal opera-

tion of the electromagnet assembly. |

In FIG. 8, a field effect transistor 48 is connected in
series with a bank of variable resistors 49, 50, 51 and a
fixed resistor 52 across a positive voltage source and
ground, forming a constant voltage source 53 which
utilizes the self-bias of the transistor 48.

The integrator circuit 41 includes a trigger switch 54
which is operated upon shutter release, and a change-

over switch §5 having a movable contact which can be

switched between an auto-terminal 554 and a manual
terminal 55b. A change-over switch 56 is connected
between the integrator circuit 41 and the comparator
and drive circuits 42, 44, the switch 56 being switch-
able between an auto terminal 564 and a manual termi-
nal 56b. When the shutter is released with the change-
over switches 55, 56 being thrown to the auto terminals
S3a, 564, respectively, the closure of the trigger switch
>4 causes the output voltage of the operational ampli-
fier 45, that is, the voltage Va at the point (a), to be
negatively fed back to the inverted input terminal (—)
thereof, and consequently the output voltage Va will
assume a value which is equal to the voltage applied to

~ the non-inverting input terminal (+) from the junction
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(b) between the resistors 49 and 50. Thus, the voltage
applied through a variable resistor 57 to the non-invert-
ing input terminal (+) of the amplifier 46, Vc, will be
lower than the voltage at its inverted input terminal (=)

‘which is connected with the point (b), so that the elec-

tromagnet assembly 18 is energized, causing the detent
member 16 to lock the second blind gear 3.

When the first blind gear 2 is released to permit a
running of the first blind in response to a shutter release
operation, and the trigger switch 54 is opened upon
termination of the release operation, no voltage is ap-
plied across a photometric light receiving element 58
such as a photovoltaic element connected across the
both input terminals of the amplifier 45, and a short
circuit current flows therethrough in proportion to the
amount of light being received, QL, charging a capaci-
tor 59 connected in series therewith. As the capacitor
59 charges, the output voltage Va of the amplifier 45
rises at a rate proportional to the amount of light QL
incident on the element 58. As the output voltage Va of
the amplifier 45 rises, the voltage V¢ applied to the
non-inverting input terminal (+) of the amplifier 46

~also rises and ultimately reaches the value which is

equal to the voltage Vb at terminal (b). Thereupon, the
relative magnitudes of the voltage applied to the both

nput terminals of the amplifier 46 are reversed, so that

the output voltage of the amplifier is also reversed,
deenergizing the electromagnet assembly 18. Thus, the
detent member 16 releases the second blind gear 3 to

permit a running of the second blind, thereby complet-

ing a shutter operation. The variable resistor 57 can be
manually set in accordance with information such as a
film speed, for example.

- When the change-over switches 55, 56 are thrown to
‘the manual terminals 55b, 56b, respectively, the clo-

sure of the trigger switch 54 initially maintains the
output voltage Va of the amplifier 45 equal to the volt-
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age Vb. When the trlgger switch 34 is subsequently
opened, a voltage which is equal in magnitude to a
difference between the output voltage Va of the ampli-
- fier 45 and a voltage on the movable point on the vari-
able resistor 50 will be applied across a series combina-
tion of a vartable resistor 60 and a capacitor 61, charg-
ing this capacitor. In response to such operation of the
integrator circuit 41, the amplifier 46 operates to drive
the electromagnet assembly 18 1n the same manner as
in the auto mode.

The amplifier 47 has its one terminal connected with
the point (b) and its other input terminal connected
with a supply voltage divider circuit (not shown) which
is contained in the network of the amplifier 47. The
amplifier 47 has its output terminal connected with one
end of the electromagnet driver circuit which is con-
nected with the amplifier 46. When the supply voltage
is sufficiently high, the output from the amplifier 47 has
no influence upon the operation of the electromagnet
assembly 18. However, when the supply voltage is re-
duced and becomes insufficient to provide a proper
shutter operation, the relative magnitude of the voltage
Vb and the output voltage from the supply voltage
divider circuit is reversed and the output signal from
the amplifier 47 1s such that the electromagnet assem-
bly 18 is normally maintained deenergized irrespective
of the opening or closing of the trigger switch 54 or the
exposure period. Thus, the electromagnet assembly 18
remains inoperable, and the control member 33 main-
tains the detent member 10 in a position in which it

locks the first blind gear, thus preventing a running of

the first blind.
What is claimed 1is:
1. An electrical focal plane shutter including a shut-
ter detent mechanism, the shutter comprising:

a first blind gear for driving a first blind of the shut-
ter,

a second blind gear for driving a second blind of the
shutter;

first and second detent members for locking the first
and second blind gears, respectively, against rota-

~ tion;

drive means interlocked with a shutter release mem-
ber for driving the first detent member from a first
position towards a second position to thereby re-
lease the first blind gear to permit rotation thereof;

an electromagnet assembly including control means
movable from a first position to a second position
for operating said second detent member to release
the second blind gear at a given exposure period
after the commencement of a running of the first
blind to thereby permit the second blind gear to
begin running;

first means on said second detent member for engag-
ing said first detent member, said second detent
member maintaining said control means in its first
position when said first detent member is in its first
position and releasing said control means to move
to its second position when said first detent mem-
ber has moved at least to an intermediate position
which is located between its first and its second
positions, said first detent member being incapable
of releasing said first blind gear until it has moved
to its second position;
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said first detent member, second means on said

second detent member said control member engag-

ing said second means and movable responsive to
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~said second means to assume a first position In
which the control member prevents the first detent
member from moving beyond its intermediate posi-
‘tion when said first detent member has moved to its

- intermediate position and when the electromagnet

- assembly is inoperable due to a reduction in the

"~ output of a power source therefor and for assuming
its second position in which it releases the first
detent member from engaging the first blind gear
when the first detent member has moved to its
intermediate position and when the electromagnet
assembly is operating in a normal manner.

2. The device of claim 1 further comprising biasing
means for biasing said second detent member towards
its second position; said control means comprising an
armature coupled to one end of said second detent
member; |

the first means of said second detent member com-
prising a projection engaging one end of said con-
trol member; said second detent member second
means comprising a projection engaging said first:
detent member;

biasing means for urging said first detent member
toward its first position and for urging said control
member toward its releasing position, such that
when said first detent member moves to its inter-
mediate position, said second detent member is
urged by its biasing means to move said armature
away from the electromagnetic assembly and to its
second position in the event that said electromag-
net means is inoperable to move said second pro-
jection enabling the control member to move from
its releasing position to a blocking position thereby
preventing the first detent member from moving
" beyond its intermediate position.

3. An electrical focal plane shutter mcludmg a shut-

ter detent mechanism, the shutter comprising:

a first blind gear for driving a first blind of said shut-
ter;

a second blind gear for driving a second blind of said
shutter;

a first detent member movable from a first position
wherein said first detent member prevents the rota-
tion of said first blind gear to a second position
wherein said first detent member permits the rota-
tion of said first blind gear;

a second detent member movable from a first posi-
tion wherein said second detent member prevents
the rotation of said second blind gear to a second
positon wherein said second detent member per-
mits the rotation of said second blind gear;

drive means associated with a shutter release mem-
ber for moving said first detent member from said
first to said second position during a shutter release
operation commenced by the actuation of said
shutter release member;

an electromagnetic assembly including control
means for moving said second detent member from
said first to said second position at a given time
period after the commencement of the rotation of
said first blind gear;:

a third detent member movable between a first posi-
tion wherein said third detent member prevents the
rotation of said second blind gear and a second

- position wherein said third detent member permits
the rotation of said second blind gear;

a cam coupled for rotation with said first blind gear;
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cam follower means coupling said cam to said third
detent member for moving said third detent mem-
ber from said first to said second position a short
time period after the commencement of rotation of
said first blind gear, said short time period corre-
sponding to a high speed shutter operation and
being determind by the configuration of a cammed
surface of said cam:

biasing means coupled between said cam follower
means and said second detent member for biasing
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said cam follower means against said cammed sur-
face of said cam and for biasing said third detent
member into said first position, said biasing means
applying a first spring force to said cam follower
means when said second detent member is in said
first position and applying a second lesser force to
said cam follower means when said second detent

member is in said second position.
. T S I
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