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(57) ABSTRACT

A shutter apparatus includes a shutter base plate having an
aperture, a blade group configured to open and close the
aperture, a blade driving member configured to drive the
blade group, a charge lever configured to rotate the blade
driving member, a first roller which is attached to a first axis
portion extending from the blade driving member and abuts
against the charge lever, a cam member configured to rotate
the charge lever, and a second roller which is attached to a
second axis portion extending from the charge lever and is
configured to trace a cam portion formed on the cam member.
The cam member has a flange protruding from the cam por-
tion to periphery of the cam member. And the cam member is
arranged so that the second roller is overlapped with the
flange in an extending direction of the second axis portion.
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SHUTTER APPARATUS AND IMAGE-PICKUP
APPARATUS HAVING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a shutter apparatus
and an image-pickup apparatus having the shutter apparatus.
[0003] 2. Description of the Related Art

[0004] A conventional shutter apparatus rotatably holds
blade group divided into a plurality of blades by two arms,
and forms a parallel link. The blade group is connected with
a blade driving member having a drive spring for blade trav-
elling and an armature electrically attached to a holding elec-
tric magnet. In the state of preparation for taking, the armature
is abutted against yoke adsorption surface of the holding
electric magnet by a charge lever or a charge cam gear so as to
hold the blade group.

[0005] After release, the charge lever or the charge cam
gear evacuates from a blade group holding position, and the
blade group is held at a start position by magnetic force of the
energized holding magnetic. And imaging operation is oper-
ated by a slit exposure using a leading blade group and a
trailing blade group or an exposure using an electronic shutter
and a trailing blade group when cutting energization of the
holding magnet.

[0006] After travelling of the blade group, the driving
spring is charged by the charge lever or the charge cam gear,
and the blade group moves to the position of preparation for
taking and waits for next shooting.

[0007] Inthe state of preparation for taking, the blade driv-
ing member need to be overcharged so that the armature can
certainly abut against the yoke adsorption surface. Generally,
overcharge is to further charge the driving spring from the
state where the armature abuts against the yoke adsorption
surface. In Japanese Patent No. 3990831, a blade driving
member has a roller abutting against a charge lever, and
overcharge amount of the blade driving member is adjusted
by the roller. In other words, the operational amount of the
charge lever or a charge cam gear in charge operation is
adjusted.

[0008] However, in Japanese Patent No. 3990831, a retain-
ing member retaining the roller is needed, and the retaining
member needs to dismount the retaining when exchanging
the roller. Therefore, there is a problem that exchanging of the
roller is troublesome.

[0009] Moreover, the roller is generally a metal, and is
arranged at a position left from the rotating center of the blade
driving member. Therefore, there are problems that inertia of
the blade driving member is widely affected, travelling char-
acteristics of the blade driving member is changed by size of
the roller, and each travelling characteristics (exposure char-
acteristics) of the shutter apparatus is different.

[0010] Additionally, in Japanese Patent Laid-Open No.
2003-315872, a blade room where a blade group travels is
provided on an image-pickup element side of a shutter base
plate, and a blade driving member and a set member are
provided on the opposite side. A through-hole is formed on
the shutter base plate, and a blade driving member is inserted
into a blade arm via the through-hole.

[0011] However, in Japanese Patent Laid-Open No. 2003-
315872, attachment error is generated since the rotating axis
of the blade arm and the rotating axis of the blade driving
member are provided on separate surface of the shutter base
plate.
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[0012] In addition, travel sliding load of the blade group
increases and the shutter accuracy degrades by travel sliding
load since the blade group fits the rotating axis of the blade
arm and the rotating axis of the blade driving member, and
slides them.

[0013] Moreover, the apparatus enlarges since the surface
of'the shutter base plate exists between the blade room and the
set member

SUMMARY OF THE INVENTION

[0014] An object of the present invention is to provide a
shutter apparatus which can easily operate adjustment of a
charge lever in charge operation and can stabilize travelling
characteristics of a blade group.

[0015] Additionally, another object of the present invention
is to decrease sliding load between a shutter base plate and a
blade arm, and to miniaturize the shutter apparatus.

[0016] A shutter apparatus as one aspect of the present
invention includes a shutter base plate having an aperture for
exposure, a blade group configured to open and close the
aperture, a blade driving member configured to drive the
blade group, a driving spring configured to urge the blade
driving member, a charge lever configured to rotate the blade
driving member so as to charge the driving spring, a firstroller
which is attached to a first axis portion extending from the
blade driving member and abuts against the charge lever, a
cam member configured to rotate the charge lever, and a
second roller which is attached to a second axis portion
extending from the charge lever and is configured to trace a
cam portion formed on the cam member. The cam member
has a flange protruding from the cam portion to periphery of
the cam member, and the cam member is arranged so that the
second roller is overlapped with the flange in an extending
direction of the second axis portion.

[0017] A shutter apparatus as another aspect of the present
invention includes a shutter base plate having an aperture for
exposure and an axis, a blade group configured to control
exposure by opening and close the aperture, a blade arm
member configured to rotatably hold the blade group, and a
blade driving member which is supported rotatably by the
axis and is configured to drive the blade arm member by
rotating around the axis. Both the blade arm member and the
blade driving member are arranged on the same side of the
shutter base plate, and the blade arm member is fixed on the
blade driving member and rotates around the axis.

[0018] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is an appearance perspective view of an
image-pickup apparatus providing a focal plane shutter thatis
one example of an embodiment of a shutter apparatus of the
present invention.

[0020] FIG. 2 is a block diagram of the image-pickup appa-
ratus.
[0021] FIGS. 3A and 3B are exploded perspective views of

the focal plane shutter.

[0022] FIG. 4 is a back view of the focal plane shutter.
[0023] FIG. 5 is a front view of a cam gear.

[0024] FIG. 6 is an exploded perspective view of a charge
lever.
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[0025] FIG. 7 is an enlarged view of a blade driving mem-
ber.
[0026] FIG. 8 is an exploded perspective view of the blade

driving member.

[0027] FIG.9isacrosssectional view of an axis of a shutter
base plate.
[0028] FIGS. 10A and 10B are perspective views of a

supplementary base plate.
[0029] FIG. 11 is a back view of the focal plane shutter
assembling a flexible plate.

[0030] FIG. 12 is a cross sectional view taken along line
A-A of FIG. 11.

[0031] FIG. 13 is an enlarged view of a part of the focal
plane shutter.

[0032] FIG. 14 is a cross sectional view taken along line
A-A of FIG. 13.

[0033] FIG. 15 is a perspective view showing the state

before a buffer member is attached to the shutter base plate.
[0034] FIG. 16 is a diagram where an electric magnet is
seen from an adsorption surface side of a yoke.

[0035] FIGS. 17A to 17D are operational diagrams of the
blade group of the focal plane shutter.

[0036] FIG. 18 is a diagram of illustrating the operational
timing of the focal plane shutter and the image-pickup ele-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Exemplary embodiments of the present invention
will be described below with reference to the accompanied
drawings.

[0038] FIG. 1 is an appearance perspective view of an
image-pickup apparatus provided with a focal plane shutter
that is one example of an embodiment of a shutter apparatus
of the present invention.

[0039] A power button 110, a release button 130 and an
accessory shoe 140 in order to attach a shooting accessory
such as a flush apparatus are provided on a top surface of the
image-pickup apparatus 100. A lens mount 150 is an attach-
ment of an image-pickup lens not shown in the drawing.
[0040] A shutter blade is opened in a standby state for live
view display since the image-pickup apparatus 100 is a mir-
rorless type image-pickup apparatus which does not have a
reflex mirror. Therefore, as illustrated in FIG. 1, an image-
pickup surface of the image-pickup element 3 is exposed
when detaching the image-pickup lens.

[0041] FIG.2is a block diagram of the image-pickup appa-
ratus 100.
[0042] A focal plane shutter (shutter apparatus) 2 is pro-

vided between the image-pickup lens 1 and an image-pickup
element 3 on an image-pickup optical path, and adjusts time
of exposing the image-pickup element 3 in conjunction with
an electronic leading blade operation of the image-pickup
element 3.

[0043] The image-pickup element 3 uses a CMOS image
sensor etc., and performs a photoelectric conversion of an
object image that is imaged by the image-pickup lens 1 which
forms an image based on light from the object. An analog
image signal output from the image-pickup element 3 is con-
verted into a digital signal by an AFE (Analog Front End) 4.
Various kinds of image processings, a compression process-
ing, and an extension processing are performed for the digital
image signal output from the AFE 4 by a DSP (Digital Signal
Processor) 5.
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[0044] A recording medium 6 records the image data pro-
cessed by the DSP 5. A display 7 uses a liquid crystal display
(LCD) etc., and displays a shot image and various kinds of
menu screens etc.

[0045] Animage-pickup element driving circuit 8 performs
a drive control of the image-pickup element 3. A RAM 10 is
connected with the DSP 5, and transiently stores the image
data etc. A shutter driving circuit 11 drives the focal plane
shutter 2.

[0046] A CPU 9 controls the AFE4, the DSP5, the image-
pickup element driving circuit 8, and the shutter driving cir-
cuit 11.

[0047] Reference numeral 91 denotes a voltage detector so
as to detect power-supply voltage of the image-pickup appa-
ratus 100, reference numeral 92 denotes a temperature detec-
tor so as to detect temperature of the shutter apparatus 100,
and reference numeral 93 denotes a phase detector provided
inside the focal plane shutter 2 and includes a blade phase
detector and a cam phase detector. Reference numeral
denotes a lens controller which outputs a focal length, a stop
diameter, a pupil diameter and a distance between a pupil and
an image-pickup element of the image-pickup lens 1 to the
CPU 9, and drives a stop and a lens according to the control of
the CPU 9. Detection results of the detectors are input to the
CPU 9.

[0048] FIGS. 3A and 3B are exploded perspective views of
the focal plane shutter 2. FIG. 3A is an exploded perspective
view of the focal plane shutter 2 seen from a side attaching the
image-pickup element 3 (hereinafter referred to as “a back
side”), FIG. 3B is an exploded perspective view of the focal
plane shutter seen from a side attaching the image-pickup
lens (hereinafter referred to as “a front side™). FIG. 4 is a back
view of the focal plane shutter 2. A supplementary base plate
205 and a cover plate 206 are omitted so as to facilitate
visualization of figure.

[0049] The shutter base plate 201 is fixed inside the image-
pickup apparatus 100, and each component constituting a
driving mechanism of a blade group 230 is attached to the
shutter base plate 201.

[0050] A motor 220 is attached to the shutter base plate 201
so that an output axis is substantially parallel to the image-
pickup optical axis (an optical axis of light passing through an
aperture 206a). A cam gear 203 rotates by a driving force
transmitted from the motor 220 via a reduction gear line that
is a transmission member.

[0051] A blade driving member 202, the cam gear 203, and
the charge lever 260 are rotatably supported by the shutter
base plate 201.

[0052] Inthe present embodiment, a charge operationand a
charge release operation of the focal plane shutter 2 are per-
formed by transmitting a driving force of the cam gear 203 to
the blade driving member 202 via the charge lever 260.
[0053] FIG. 5 is a front view of the cam gear 203. A cam
portion 203a is formed on one surface of the cam gear 203. As
illustrated in F1G. 5, the cam portion 203a is divided into four
regions of a cam top region 203a-1, a cam sloped region
203a-2, a cam bottom region 203¢-3, and a charge region
203a-4. Additionally, a flange 203d of the cam gear 203
protrudes from the cam surface of the cam portion 203a to
periphery of the cam gear 203.

[0054] FIG. 6 is an exploded perspective view of the charge
lever 260. As illustrated in FIG. 6, the charge lever 260 has an
axis portion 260q (a second axis portion) which extends from
the charge lever 260, and an abutment 2605. A roller (a second
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roller) 2045 is attached to the axis portion 260a. The abutment
2605 abuts against a roller 2044 (a first roller) provided on the
blade driving member 202. The cam gear 203 drives the
charge lever 260 since the roller 2045 provided on the axis
portion 260q always traces the cam portion 2034 of the cam
gear 203.

[0055] The roller 2045 has an adjustment shape in order to
adjust overcharge amount, and is exchanged when over-
charge amount of the focal plane shutter 2 deviates from a
predetermined range. In other words, the roller 2045 having
optimum outer diameter is selected in many different types of
the rollers 2045 so as to become overcharge amount within a
predetermined range.

[0056] Additionally, as illustrated in FIG. 4, the cam gear
203 is arranged so as to overlap with the roller 2045 and the
flange 203d in an extending direction of the axis portion 260a
of'the charge lever 260. The roller 2045 always overlaps with
the flange 2034 of the cam gear 203 since the flange 2034 is
formed all round the cam gear 203. Therefore, even if a
retaining member such as a clip is not mounted, the roller
2045 does not drop from the axis portion 260a and can be
exchanged by just dismounting the cam gear 203. Man hour
of exchanging operation of the roller 2045 is decreased, and
rotating amount of the charge lever 260 can be easily
adjusted.

[0057] FIG. 7 is an enlarged view of the blade driving
member 202, and FIG. 8 is an exploded perspective view of
the blade driving member 202.

[0058] When the charge lever 260 rotates the blade driving
member 202, the abutment 2605 abuts against the roller 204a
provided on the blade driving member 202. Therefore, the
charge lever 260 is reciprocated. A charge lever back spring
(not shown) is attached to the charge lever 260 so as to urge in
a direction where the charge lever 260 is apart from the blade
driving member 202.

[0059] A roller cover 214 is flexible and the cross-section
thereof is U-shaped. Additionally, a first hole 214a and a
second hole 2145 are formed on the roller cover 214. Each
position of the first hole 214a and the second hole 2145 are
symmetrical.

[0060] The roller 204a is attached to an axis portion (a first
axis portion) 202g extending from the blade driving member
202 before the roller cover 214 is attached to the blade driving
member 202.

[0061] A first protruding portion 202 formed on the tip of
the axis portion 202g engages the first hole 2144 of the roller
cover 214. The roller cover 214 is elastically deformed so as
to engage the second hole 2145 of the roller cover 214 with a
second protruding portion 202/ provided on the blade driving
member 202. Therefore, the roller cover 214 is attached to the
blade driving member 202. The roller 2044 is hold without
coming away from the first protruding portion 202e since the
roller cover 214 is attached to the blade driving member 202.
That is to say, the roller cover 214 works as a retaining
member which prevents the roller 204a pivotally supported
by the axis portion 202g from coming away from the axis
portion 202g.

[0062] The roller 204a abuts against the abutment 2605 of
the charge lever 260 and is held by the roller cover 214 so that
the roller 204a can rotate.

[0063] A second protruding portion 202f'is formed in the
direction opposite to the extending direction of the axis por-
tion 202g. The first protruding portion 202¢ and the second
protruding portion 202f are formed on a mutually different
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axis. Additionally, positions of the first protruding portion
202e¢ and the second protruding portion 202/ are symmetrical
about a point. Therefore, when the roller cover 214 is attached
to the blade driving member 202, the first protruding portion
202¢ may engage the second hole 2145 and the second pro-
truding portion 202/ may engage the first hole 214a.

[0064] The first protruding portion 202¢ and the second
protruding portion 202f are formed on a mutually different
axis. Therefore, if the roller cover 214 is once attached to the
blade driving member 202, the roller cover 214 doesn’t rotate
centering on either of the first protruding portion 202¢ and the
second protruding portion 202f. As a result, since the roller
204a can be positioned, assembly can be improved.

[0065] Additionally, since the roller 204aq is attached to the
blade driving member 202 regardless the blade driving
spring, the accuracy of the blade travelling operation is not
affected. As discussed above, in this embodiment, the roller
204aq is not a part so as to adjust overcharge amount since
overcharge amount is adjusted by exchanging the roller 2045.
Travelling characteristic of the blade group 230 becomes
stable since inertia of the blade driving member 202 does not
change by adjustment and is always constant.

[0066] Further, in this embodiment, the distance between
the center axis of the first protruding portion 202¢ and the
center axis of the second protruding portion 202fis shorter
than the distance between the center axis of a joint 2024 of the
blade driving member 202 and the center axis of the first
protruding portion 202e. Therefore, the focal plane shutter 2
can miniaturize than ever before.

[0067] Generally, when the blade driving member operates
charge operation and charge release operation by the cam
gear, cam gear should be arranged apart from the optical axis
so as to avoid the collision of the cam gear and the blade
driving member. Therefore, since the size of the cam gear
need to become large and the cam gear need to rotate one
revolution, the problem growing in size of the shutter unit is
generated.

[0068] On the other hand, in this embodiment, the charge
lever 260 is arranged far from the optical axis (the center of an
aperture 201p) than the blade driving member 202 in a hori-
zontal direction. The cam gear 203 is arranged close to the
optical axis (the center of the aperture 201p) than the blade
driving member 202 in a horizontal direction. Additionally,
the charge lever 260 charges the blade driving member 202 by
reciprocating motion. Therefore, the focal plane shutter 2 can
be miniaturized.

[0069] Further, in this embodiment, the distance between
the rotating center of the charge lever 260 and the abutment of
the roller 204a is longer than the distance between the rotating
center of the charge lever 260 and the abutment of the roller
2045. Therefore, since the blade driving member 202 can be
charged by amplified charge amount of the cam gear 203, the
reciprocating motion range of the charge lever 260 can be
small. As a result, the focal plane shutter 2 can be miniatur-
ized.

[0070] The supplementary base plate 205 is attached by
engaging each tip ofaxis 201a, 2015, 201c¢, 201d, and 201e of
the shutter base plate 201. A holding electric magnet 250 is
fixed to the supplementary base plate 205 by a screw 255.
[0071] The cover board 206 is fixed to the shutter base plate
201 on the same side as the supplementary base plate 205. The
aperture 206q is formed on the position corresponding to the
aperture 201p for an exposure of the shutter base plate 201 at
the center of the cover board 206 when assembling.
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[0072] The bladed room so as to arrange the blade group
230 attached to the blade driving member 202 is formed
between the shutter base plate 201 and the cover plate 206
[0073] The blade group 230 has a first blade 231, a second
blade 232, a third blade 233, and a fourth blade 234. The tip
of the travelling direction of the first blade 231 (hereinafter
referred to as “an aperture forming end”) forms an aperture
range of the aperture 201p formed on the shutter base plate
201.

[0074] Each blade is made from a metallic plate backed on
blacking, is rotatably supported by a main arm (a first arm)
235 and a sub arm (a second arm) 236, and forms a parallel
link mechanism.

[0075] The main arm 235 and the sub arm 236 are sequen-
tially arranged from the aperture forming end side of the first
blade 231 along the travelling direction of the blade group
230.

[0076] FIG.9 is a cross sectional view of an axis (a third
axis) 201a of the shutter base plate 201. As illustrated in FIG.
9, the blade driving member 202 is pivotally supported by the
axis 201qa of the shutter base plate 201 by inserting the axis
201a of the shutter base plate 201 into the axis supporter 2024
of the blade driving member 202.

[0077] The hole portion 2355 of the main arm 235 engages
with an outer periphery of the axis supporter 2024 of the blade
driving member 202 on an inner surface of the blade room of
the shutter base plate 201. In this embodiment, both the main
arm 235 and the blade driving member 202 are arranged on
the same side of the shutter base plate 201, and rotate around
the axis 201a of the shutter base plate 201.

[0078] A driving pin 2024 is formed on the tip of the blade
driving member 202, and the driving pin 202a connects with
ahole235a formed on the main arm 235 and penetrates a long
hole portion 201g formed on the shutter base plate 201.
[0079] When the driving pin 202a moves along the long
hole portion 201g by rotating of the shouter driving member
202, the main arm 235 rotates centering on the hole portion
235b and with this, operates opening and closing of the blade
group 230. When the blade group 230 operates, the aperture
201p can become an opening state (a state capable of passing
light) or a shielding state (a state capable of shielding light).
[0080] Since the blade group 230 rotates along with the
main arm 235 and the blade driving member 202 only by
engaging with the main arm 235, a sliding friction generated
in the blade group 230 is reduced.

[0081] The sub arm 236 is pivotally supported by an axis
201/ provided on the shutter base plate 201, and additionally,
a blade spring for backlash is hooked in a direction to travel
the blade group 230.

[0082] A ratchet gear 240 is pivotally supported by the axis
201a of the shutter base plate 201, and is arranged at the tip of
the axis than the blade driving member 202. The ratchet gear
240 engages with the ratchet click formed on the shutter base
plate 201.

[0083] A blade driving spring (an elastic member) which is
not shown in the drawing and is a torsion coil spring is
arranged between the blade driving member 202 and the
ratchet gear 240. One end of the blade driving spring hangs
the blade driving member 202 and the other end hangs the
ratchet gear 240. Urging force of the blade driving spring is
adjusted by changing the engagement position of the ratchet
gear 240 and the ratchet click. The blade driving spring urges
the blade driving member 202 in a clockwise direction in FIG.
4.
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[0084] A first photointerrupter 2074 and a second photo
interrupter 2075 which are non-contact phase detectors are
attached to the supplementary base plate 205. The first pho-
tointerrupter 207a corresponds to a first optical detector and
the second photointerrupter 2075 corresponds to a second
optical detector.

[0085] A detected part 202¢ is formed on the blade driving
member 202, and a blade phase detector is configured by the
first photointerrupter 207a and the detected part 202c.

[0086] When the blade driving member 202 is positioned at
a charge completed position, the detected part 202¢ is pro-
vided so that the detected part 202¢ can shield the first pho-
tointerrupter 207a. Therefore, when the blade driving mem-
ber 202 is positioned at the charge completed position, the
detected part 202¢ shields the first photointerrupter 207a. At
this time, the first photointerrupter 207a outputs H signal.
Similarly, when the blade driving member 202 is positioned
at a travelling completed position, the detected part 202¢ is
provided so that the detected part 202¢ can shield the first
photointerrupter 207a. Therefore, when the blade driving
member 202 is positioned at the travelling completed posi-
tion, the detected part 202¢ doesn’t shield the first photoint-
errupter 207a. At this time, the first photointerrupter 207a
outputs L signal.

[0087] A detected part 203¢ is formed on an opposite sur-
face of the surface of the cam gear 203 where the cam portion
203q is formed. A cam phase detector is configured by a
second photointerrupter 2075 and the detected portion 203e.

[0088] When the roller 2045 traces the cam top region
203a-1 of the cam portion 203qa, the detected part 203e
shields the second photointerrupter 2075. At this time, the
second photointerrupter 2075 outputs H signal. When the
roller 2045 traces the cam bottom region 203a-3 of the cam
portion 203a, the detected part 203e shields the second pho-
tointerrupter 2075. At this time, the second photointerrupter
207b outputs L signal. The state where the roller 204a traces
the cam top region 203a-1 of the cam portion 203a is said that
the cam gear 203 is in a cam top phase. The state where the
roller 2045 traces the cam bottom region 203a-3 of cam
portion 203a is said that the cam gear 203 is in a cam bottom
phase.

[0089] Here, the composition of the cam phase detector that
is configured by the second photointerrupter 2075 and the
detected part 203e is described.

[0090] FIGS. 10A and 10B are perspective views of the
supplementary base plate 205 assembling a flexible substrate
270. FIG. 10A is a front view and FIG. 10B is a back view.
FIG. 11 is a back view of the focal plane shutter 2 assembling
the flexible plate 270. FIG. 12 is a cross sectional view taken
along line A-A of FIG. 11.

[0091] As illustrated in FIG. 12, the axis 201¢ formed on
the shutter base plate 201 is a rotating center of the cam gear
203 and engages the supplementary base plate 205. The flex-
ible substrate 270 is attached to the supplementary base plate
205.

[0092] Since the second photointerrupter 2075 is attached
to the flexible substrate 270, the second photointerrupter 2075
is arranged between the flexible substrate 270 and the surface
where the detected part 203¢ of the cam gear 203 is formed.
According to the position of the detected part 203e, attach-
ment position of the second photointerrupter 2075 is changed
and at the same time, wiring of the flexible substrate 270 is
also changed.
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[0093] In this embodiment, since the detected part 203e is
vertically arranged in the same direction as the protruding
direction ofthe axis 201c¢, the second photointerrupter 2075 is
arranged near the axis of the cam gear 203 as illustrated in
FIG. 12. At this time, as illustrated in FIGS. 10A and 10B, the
focal plane shutter 2 can be miniaturized since the wiring of
the flexible substrate 270 can be simplified.

[0094] Additionally, in this embodiment, the reliability
increases since aging degradation such as detection defect by
a particle and oil etc and removing of the pattern of the
flexible substrate doesn’t generate unlike a contact phase
detector such as a brush etc.

[0095] By the way, when the photointerrupter detecting that
the cam gear 203 is positioned at the cam top phase and the
photointerrupter detecting that the cam gear 203 is positioned
atthe cam bottom phase are separately provided, two detected
parts need to be attached at different positions in the radial
direction of the cam gear 203. However, the diameter of cam
gear 203 extremely enlarges.

[0096] In this embodiment, one photointerrupter detects
that the cam gear 203 is positioned at the cam top phase, and
the cam gear 203 is positioned at the cam bottom phase.
Therefore, the detected part so as to detect that the cam gear
203 is positioned at the cam top phase and the detected part so
as to detect that the cam gear 203 at the cam bottom phase are
vertically arranged on the same circle of the cam gear 203,
and the outside diameter of the cam gear 203 doesn’t grow in
size. Moreover, since the detected part 203e is arranged at the
rotating center side than the cam surface of the cam portion
203a, the focal plane shutter 2 can be miniaturized. Addition-
ally, the blade driving member 202 reciprocates and only the
running path of the detected part 202¢ makes the focal plane
shutter 2 big. Further, the detected part 202¢ contributes to the
miniaturization of the image-pickup apparatus 100 since the
detected part 202¢ has the possibility of design than another
detected part is provided on the cam gear 203 rotating and can
be arranged according to the space of the image-pickup appa-
ratus 100.

[0097] FIG.13isanenlarged view of apart of the back view
of the focal plane shutter 2. FIG. 14 is a cross sectional view
taken along line A-A of FIG. 13, and the upper side shows the
outside of the blade room and the lower side shows the inside
of the blade room.

[0098] FIG. 15 is a perspective view showing the state
before a buffer member 242 is attached to the shutter base
plate 201 from the point of view of the inside of the blade
room.

[0099] The buffer member 242 is made from the material
such as rubber, and attached to the end of the long hole portion
201g of the shutter base plate 201. Since the blade diving
material 202 collides against the buffer material 242 at the
surface which is perpendicular to the travelling direction of
the driving pin 202a, the buffer material 242 absorbs the
impact of sudden stopping of the blade driving member 202.
Therefore, the buffer material 242 can improve the durability
of'the blade driving member 202 and can suppress the bound
when completing the travelling.

[0100] Along acircular rim of the long hole portion 201g, a
first convex portion 201/ and a pair of concave portions (a
second concave portion) 201/ are formed outside of the blade
room, and a pair of concave portions (a first concave portion)
2015 is formed inside of the blade room.

[0101] Inthe buffer member 242, a concave portion (a third
concave portion) 242/ is formed outside of the blade room,
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and a pair of convex portions (a third convex portion) 242i and
a pair of convex portions (a second convex portion) 242; are
formed inside of the blade room.

[0102] Here, the method of attaching the buffer member
242 to the long hole portion 201g of the shutter base plate 201
is described.

[0103] First of all, the concave portion 242/ of the buffer
member 242 is inserted under the convex portion 201/ of the
shutter base plate 201. At this time, the pair of convex portions
242j of the buffer member 242 are positioned at a pair of
tapered surfaces 2014 formed on the shutter base blade 201.
[0104] Next, the buffer member 242 is inserted by trans-
forming so that the pair of convex portions 242; of the buffer
member 242 fit in the pair of concave portions 201; of the
shutter base plate 201.

[0105] After the buffer member 242 is attached to the end of
the long hole portion 201g of the shutter base plate 201,
restoring force works on the buffer member 242. Therefore,
the concave portion 242/, the pair of convex portions 242i,
and the pair of the convex portions 242 abuts against the
convex portion 201/, the pair of concave portion 201, and the
pair of concave portion 201 of the shutter base plate 201,
respectively.

[0106] At this time, as illustrated in FIG. 14, the buffer
member 242 is arranged in the board thickness of the shutter
base plate 201 and doesn’t protrude outside of the blade room.
Therefore, the buffer member 242 doesn’t interfere with other
components attached to the shutter base plate 201, and there
is no design restriction.

[0107] Inthe above configuration, the buffer member 242 is
preferably attached to the long hole 201g formed on the
shutter base plate 201, and is arranged in the board thickness
of'the shutter base plate 201 even if vibration is applied to the
buffer member 242 in the vertical direction.

[0108] As illustrated in FIG. 13, in the buffer member 242,
distance L. between a part 242m which is an abutment of the
driving pin 202q and the bufter member 242 and is the closest
to the shutter base plate 201, and a tip 201m of the first convex
portion 201/ is larger than a length R of the driving pin 202«
in the attachment direction.

[0109] As a result, since the strength of the buffer member
242 can be stronger, the durability thereof can be improved.
[0110] FIG. 16 is a diagram where the holding electric
magnet 250 is seen from adsorption surfaces 251a, 2515 of a
yoke 251.

[0111] The yoke 251 is a horseshoe-shaped having a first
leg portion and a second leg portion. A bobbin 252 wound by
a coil 253 is provided on the first leg portion.

[0112] Terminal pins 254a and 2545 connected with each
of both ends of the coil 253 are formed on the bobbin 252.

[0113] An amateur supporting portion 2025 shown in FIG.
3 A is provided on the blade driving member 202. An amateur
axis which extends to the adsorption surface of the amateur
212 in a substantially perpendicular direction and attached to
the amateur 212 engages a through-hole (not shown) formed
on the amateur supporting portion 202b. A compression
spring (not shown) is arranged at outer periphery of the ama-
teur axis, and urges so that the amateur 212 and the amateur
supporting portion 2024 are apart from each other.

[0114] When the voltage is applied between a terminal pin
2544 and a terminal pin 254b, the coil 253 generates the flux
of magnetic flux.
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[0115] At this time, an adsorption surface 251a of the first
leg portion and an adsorption 2515 of the second leg portion
works as an adsorption surface with the amateur 212.

[0116] A cross-sectional view of the amateur 212 is the
smallest in a magnetic circuit formed by the yoke 251 and the
amateur 212 in this embodiment. Therefore, magnetic flux
generated in the magnetic circuit is decided by saturated
amount of magnetic flux density of a cross-sectional view of
the amateur 212.

[0117] In this embodiment, the size of the amateur 212 is
designed so that inertia moment of the blade driving member
202 is reduced, and the stiffness and the strength don’t
weaken too much.

[0118] Leakage magnetic flux normally exists in the mag-
netic circuit. Flux content @Y1 generated on the adsorption
surface 251a of the yoke 251 is larger than flux content ®A
generated on the cross-sectional surface of the amateur 212
since the adsorption surface 251a of the yoke 251 is close to
the coil 253 which is a source of generation than the amateur
212.

[0119] On the other hand, flux content ®Y2 generated on
the adsorption surface 2515 of the yoke 251 is smaller than
flux content ®A generated on the cross-sectional surface of
the amateur 212 since the adsorption surface 2515 of the yoke
251 is away from the coil 253 which is a source of generation
than the amateur 212.

[0120] A magnetic adsorption force that operates to each
adsorption surface of'the yoke 251 can be shown by using the
next expression.

1 1 @ (65)]

[0121] Here, F is an adsorption force operating an adsorp-
tion surface, L is a magnetic permeability, B is a magnetic flux
density of the adsorption surface, S is an area of the adsorp-
tion surface and @ is a flux content.

[0122] The flux content Y1 generated on the adsorption
surface 251a is larger than the flux content ®Y2 generated on
the adsorption side 2515 as mentioned above. Then, in this
embodiment, the area of the adsorption surface 2515 is
adjusted to be smaller than the area of the adsorption surface
251a so that the adsorption force generated on each surface is
equal. Therefore, when the exposure starts after stopping of
energization to the coil, the amateur 212 can break away from
both the adsorption surface 251a and the adsorption surface
2515 at the same time.

[0123] Therefore, time until the driving member material
drives is constant, and the difference of the exposure time can
be controlled.

[0124] At least one of the amateur 212 and the yoke 251 is
made from permalloy.

[0125] The shooting operation of this embodiment is
described by using FIGS. 17A-17D and FIG. 18.

[0126] FIGS. 17A-17D are operational diagrams of the
blade group 230 of the focal plane shutter 2. In FIGS. 17A-
17D, the supplementary base plate 205 and the cover plate
206 are omitted so as to facilitate visualization of figures.
FIG. 18 is a diagram of illustrating the operational timing of
the focal plane shutter 2 and the image-pickup element 3.
(1)-(10) in FIG. 18 corresponds to each operational state.
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[0127] FIG. 17A illustrates the overcharge state of the
blade driving member 202, which is the stopping state of the
image-pickup apparatus 100 and is the live view state. Addi-
tionally, FIG. 17B illustrates the travelling standby state of
the blade group 230, and FIG. 17C illustrates the travelling
completed state of the blade group 230. FIG. 17D illustrates
the state where the aperture forming end 231a of the first
blade 231 on the halfway of exposure control operating from
the state of FIG. 17A to the state of FIG. 17C shields substan-
tially half of the aperture 201p.

[0128] In FIG. 18(1), the focal plane shutter 2 is the over-
charge state as like FIG. 17 and can pass the light since the
blade group 230 is overlapped.

[0129] In the image-pickup apparatus 100, when the live
view taking picture operation is operated, the object image
incident to the image-pickup element 3 is displayed on an
image display (not shown). At this time, the CPU 9 checks
whether the first photointerrupter 207a and the second pho-
tointerrupter 2075 output H signal. That is, confirmation that
the blade driving member 202 is the charge completed state
and the cam gear 203 is the cam top phase is conducted. Ifthe
first photointerrupter 207a or the second photointerrupter
2075 outputs L signal, the CPU 9 instructs the shutter driving
circuit 11 so as to energize the motor 220. The shutter driving
circuit 11 energizes the motor 220 until the first photointer-
rupter 2074 and the second photointerrupter 2075 output H
signal.

[0130] Inthis embodiment, since one photointerrupter con-
ducts the phase detection of the cam gear 203, the one pho-
tointerrupter outputs H signal whether the cam gear 203 is the
cam top phase or the cam bottom phase. At this time, when the
charge completed state of the blade driving member 202 is
detected from output of the first photointerrupter 207a, the
phase detector 93 can detect the cam top phase of the cam gear
203.

[0131] When the CPU 9 controls the shutter driving circuit
11 by beginning of the release operation (FIG. 18 (2)), the
shutter driving circuit 11 energizes the coil 253 and the yoke
251 generates magnetic energy so as to make the yoke 251
and the amateur 212 adsorption state.

[0132] After making the yoke 251 and the amateur 212
adsorption state, the shutter driving circuit 11 energizes the
motor 220 and the cam gear 203 is rotated in the counter-
clockwise direction. The roller 204a transfers from the state
tracing the cam top region 203a-1 to the state tracing the cam
sloped region 203a-2. When the charge lever 260 traces the
cam sloped region 203a-2, the overcharged state is gradually
released. And when the roller 204a becomes the state tracing
the cam bottom region 203a-3, the blade group 230 becomes
travelling standby state as illustrated in FIG. 17B. Addition-
ally, when the second photointerrupter 2076 becomes the
state outputting H signal from the state outputting L signal,
the shutter driving circuit 11 stops energizing to the motor
220 (FIG. 18(3)).

[0133] When the CPU 9 controls the image-pickup element
driving circuit 8, the image-pickup element driving circuit 8
makes all pixels of the image-pickup element 3 a reset state
(FIG. 18(4)). After, the image-pickup element driving circuit
8 starts electronic leading blade scanning (FIG. 18(5)) by
controlling of the CPU 9. The reset state which makes all
pixels of the image-pickup element 3 reset is kept between
FIG. 18(4) and FIG. 18(5).

[0134] Here, electronic leading blade scanning is to start
charge accumulation at each line of the image-pickup all
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image elements of the image-pickup element 3 whose all
pixels are the reset state. Since scanning pattern starting
charge accumulation at each line is suited to travelling char-
acteristic of the blade group 230, charge time (exposure time)
of'every line of the image-pickup element 3 is uniform. When
the CPU 9 controls the shutter driving circuit 11, electronic
leading blade scanning is started, and the shutter driving
circuit 11 stops energizing to the coil 253 after time interval
corresponding to a set shutter speed. As a result, the adsorp-
tion force power that works between the yoke 251 and the
amateur 212 extinguishes (FIG. 18(6)). Additionally, the
blade driving member 202 starts to rotate in a clockwise
direction by urging of the torsion coil spring. Then, as men-
tioned above, since the adsorption forces working at two
adsorption surfaces of the yoke 251 and the amateur 212 are
equal, two adsorption surfaces of the yoke 251 and the ama-
teur 212 secede from each other at the same time. As a result,
the difference of driving timing of the blade driving member
202 is controlled when energizing to the coil 253 is cut.

[0135] Atthistime, the first driving blade 231 is transmitted
the driving force through a driving force transmitted portion
235c¢ of the main arm 235 in the exposure process from the
state of FIG. 17A to the state of FIG. 17C. Since the driving
force transmitted portion 235c¢ is provided on the position that
is an exposure direction side than center of the first blade 231,
the first blade 231 operates by pulling of the main arm 235.

[0136] The aperture forming end 231a stably travels with-
out blurring in the optical axis direction since the blade driv-
ing member 202 rotates the first blade 231 through the driving
force transmitted portion 235¢ of the main arm 235.

[0137] Moreover, since the first blade 231 operates by pull-
ing the sub arm 236, the sub arm is operated by pulling of the
main arm 235.

[0138] The second blade 232, the third blade 233, and the
forth blade 234 serially operates as the first blade 231, and
pulls the main arm 235 and the sub arm 236. The operational
amount of the first blade 231 is the largest, and the operational
amount is small in order of the second blade 232, the third
blade 233, and the forth blade 234.

[0139] In this embodiment, the hole 2354 of the main arm
235 is formed on substantially straight line connected the
center of the axis 201a which is the rotating center of the main
arm 235 and the pivotally supporting center of the first blade
231. Therefore, as an arrow of FIG. 17D, a rotating normal
direction of a position where the main arm 235 and the first
blade 231 are pivotally supported, i.e., the travelling direction
of'the blade group 230 and a normal direction at the center of
the rotating trace of the driving pin 202a of the blade driving
member 202 are substantially same. The state where the aper-
ture 201p shown in FIG. 17D is half shielded can transmit the
driving force of the blade driving member 202 to the first
blade 231 in the most efficient way.

[0140] Transmission efficiency of driving force of the blade
driving member 202 at both travelling starting state of the
blade group 230 and travelling completed state of the blade
group 230 is substantially same, and travelling characteristic
is stable.

[0141] In this embodiment, the blade driving member 202
and the main arm 235 are another material. However, the
blade driving member 202 and the main arm 235 are inte-
grated by integral molding such as fastening, heat adhesion,
molding insert, and molding autosert, and at least one fixing
part may be provided at the position of the driving pin 202a.
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[0142] When the blade driving member 202 more travels,
the driving pin 202a abuts against an abutment (first abut-
ment) 242a. After, the when the blade driving member 202
more travels in the state where the buffer member 242 is
compressed the driving pin 2024, the main arm 235 crushes
an abutment (second abutment) 2426 and stops by being
absorbed of impact as illustrated in FIG. 14. Thus, the blade
driving member 202 and the main arm 235 are efficiently
absorbed by the abutments 242a, 2425 of the buffer member
242, respectively, and exposure of the blade group 230 is
finished. Therefore, the aperture 201p of the shutter base plate
201 is the state where light is shielded as illustrated in FIG.
17C (FIG. 18(7)).

[0143] When travelling of the blade group 230 of the focal
plane shutter 2 ends, and the image-pickup element 3 is
shielded completely, the image-pickup element driving cir-
cuit 8 starts still picture reading scanning by controlling of the
CPU 9. Then, the CPU 9 checks whether or not each of the
first photointerrupter 207a and the second photointerrupter
20756 outputs L signal. That is to say, the confirmation that the
blade driving member 202 is the travelling completed state
and the cam gear 203 is cam bottom phase is conducted. If the
first photointerrupter 207a or the second photointerrupter
2075 outputs H signal, taking image operation is stopped and
the display 7 displays error since abnormal state of the blade
group 230 and the blade driving member 202 may be sus-
pected.

[0144] The area where the charge reading of the image-
pickup element 3 is not completed should be kept the state
shielding light.

[0145] After the predetermined time (FIG. 18(8)) from
starting the reading of charge of the image-pickup element 3,
when the CPU 9 controls the shutter driving circuit 11, the
shutter driving circuit 11 energizes to the motor 220 and
rotates the cam gear 203 in counterclockwise direction.
Therefore, the charge operation is conducted by rotating the
blade driving member 202 against the urging force of the
torsion coil spring in the clockwise direction. Then, the blade
group 230 is gradually overlapped and the aperture 201p is
sequentially opened from the line where reading of charge of
the image-pickup element 3 is completed. That is to say,
before completing of reading of charge of all pixels, the
aperture 201p starts to open. Then, timing of start of charge is
set so that leakage light from opening part of the blade group
230 doesn’t enter to a pixel of a row which still image reading
scanning doesn’t reach.

[0146] After completing reading of charge of all pixels of
the image-pickup element 3 (FIG. 18(9)), overlapping of the
blade group 230 is completed and the aperture 201p is the
opening state. And, the second photointerrupter 2075 is the
state outputting H light from the state outputting L. signal and
the shutter driving circuit 11 stops energization to the motor
220 (FIG. 18(10)). As a result, the blade driving member 202
is the overcharge state again.

[0147] When the charge operation ends, the CPU 9 starts
the live view taking picture operation for the electronic view-
finder function.

[0148] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
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[0149] This application claims the benefit of Japanese
Patent Application Nos. 2012-143327, filed on Jun. 26,2012,
and 2012-143514, filed on Jun. 26, 2012, which are hereby
incorporated by reference herein in their entirety.

What is claimed is:

1. A shutter apparatus comprising:

a shutter base plate having an aperture for exposure;

a blade group configured to open and close the aperture;

a blade driving member configured to drive the blade

group;

a driving spring configured to urge the blade driving mem-

ber;

a charge lever configured to rotate the blade driving mem-

ber so as to charge the driving spring;

afirst roller which is attached to a first axis portion extend-

ing from the blade driving member and abuts against the
charge lever;
a cam member configured to rotate the charge lever; and
a second roller which is attached to a second axis portion
extending from the charge lever and is configured to
trace a cam portion formed on the cam member,

wherein the cam gear has a flange protruding from the cam
portion to periphery of the cam member, and

wherein the cam gear is arranged so that the second roller

is overlapped with the flange in an extending direction of
the second axis portion.

2. The shutter apparatus according to claim 1, wherein a
rotational amount of the charge lever is adjusted by an outside
diameter of the second roller.

3. The shutter apparatus according to claim 1, wherein a
distance from a rotating center of the charge lever to an
abutment abutting against the first roller is longer than a
distance from the rotating center of the charge lever to an
abutment abutting against the second roller.

4. The shutter apparatus according to claim 1,

wherein the charge lever is further from a center of the

aperture than the blade driving member in a horizontal
direction, and

wherein the cam member is closer the center of the aperture

than the blade driving member in the horizontal direc-
tion.

5. The shutter apparatus according to claim 1, further com-
prising:
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ablade arm member configured to rotatably hold the blade
group;

wherein the shutter base plate has a third axis portion,

wherein the blade driving member is supported rotatably
by the third axis portion, and drives the blade arm mem-
ber by rotating around the third axis portion,

wherein both the blade arm member and the blade driving
member are arranged on the same side of the shutter base
plate, and

wherein the blade arm member is fixed on the blade driving
member and rotates around the third axis portion.

6. The shutter apparatus according to claim 1,

wherein the blade driving member has an axis supporter
supported rotatably by the third axis portion, and

wherein periphery of the axis supporter fits into a hole
portion formed on the blade arm member so as to fix the
blade arm member to the blade driving member.

7. An image-pickup apparatus comprising:

the shutter apparatus according to claim 1.

8. The shutter apparatus comprising:

a shutter base plate having an aperture for exposure and an
axis;

a blade group configured to control exposure by opening
and close the aperture;

ablade arm member configured to rotatably hold the blade
group; and

a blade driving member which is supported rotatably by the
axis and is configured to drive the blade arm member by
rotating around the axis,

wherein both the blade arm member and the blade driving
member are arranged on the same side of the shutter base
plate, and

wherein the blade arm member is fixed on the blade driving
member and rotates around the axis.

9. The shutter apparatus according to claim 8,

wherein the blade driving member has an axis supporter
supported rotatably by the axis, and

wherein periphery of the axis supporter fits with an hole
portion formed on the blade arm member so as to fix the
blade arm member to the blade driving member.

10. An image-pickup apparatus comprising:

the shutter apparatus according to claim 8.
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