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(57) ABSTRACT 
A lens barrier is opened/closed by a barrier drive cylinder 
disposed on an outer peripheral Side of a lens. The barrier 
drive cylinder is rotated by a rotation of a cam cylinder 
together with a first cylinder So as to move forward and 
backward. In the course of a movement of the lens from a 
retracted position to a shooting position, the barrier drive 
cylinder rotates Such that a drive ring biased to an opening 
direction by a Spring is driven into an opening direction. The 
barrier is, thus, opened. When the lens is moved from the 
shooting position to the retracted position, the operation 
reverse to the aforementioned is performed to close the 
barrier. An annular Seal member is provided into the Space 
between the barrier drive cylinder and the first cylinder so as 
to prevent water from entering into the barrel. 

  



US 2005/0201745 A1 Patent Application Publication Sep. 15, 2005 Sheet 1 of 17 

FIG.1 

FIG.2 
  



Patent Application Publication Sep. 15, 2005 Sheet 2 of 17 US 2005/0201745 A1 

FIG.3 

  



Patent Application Publication Sep. 15, 2005 Sheet 3 of 17 US 2005/0201745 A1 

FIG.4 

35 
  



Patent Application Publication Sep. 15, 2005 Sheet 4 of 17 US 2005/0201745 A1 

FIG.5 
23 d 23d 

23 d 23b 23b FRONT 
Y ? 

23 C REAR 

FIG.6 

P r ( LENS RETRACTED 
POSITION ) 

---56C 

  

  



Patent Application Publication Sep. 15, 2005 Sheet 5 of 17 US 2005/0201745 A1 

FIG.7 

  



Patent Application Publication Sep.15, 2005 Sheet 6 of 17 US 2005/0201745 A1 

FIG.8 
  



Patent Application Publication Sep. 15, 2005 Sheet 7 of 17 US 2005/0201745 A1 

FIG.9 42A 

41 AC 

41 B 42 B 

  



Patent Application Publication Sep.15, 2005 Sheet 8 of 17 US 2005/0201745 A1 

FIG 11 56A 

BARRER CLOSED 

  



Patent Application Publication Sep. 15, 2005 Sheet 9 of 17 US 2005/0201745 A1 

FIG. 12 

BARRER OPENED 
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LENS BARREL AND CAMERA WITH LENS 
BARREL 

0001. The disclosure of the following priority applica 
tions are incorporated herein by reference: 

0002 Japanese Patent Application No.2003-427161 
filed Dec. 24, 2003; and 

0003 Japanese Patent Application No.2004-72524 
filed Mar. 15, 2004. 

BACKGROUND OF THE INVENTION 

0004) 1. Field of the Invention 
0005 The present invention relates to a lens barrel having 
a lens barrier and a camera having the lens barrel, which are 
particularly considered to have a dust-proof/drip-proof 
Structure. 

0006 2. Description of the Related Art 
0007. A lens-barrel that has a lens barrier which can be 
opened/closed at positions for exposing a photographic lens 
and covering its front Surface respectively, has been known 
as disclosed in, for example, Japanese Laid-Open Patent 
Publications No. 2001-21559 and No. H5-19331. The lens 
barrier of the aforementioned lens barrel is operated by a 
rotating member that rotates about an optical axis. 
0008. The lens barrel is required to have a dust-proof/ 
drip-proof structure So as to be protected from undesirable 
dust or droplet Such that functions of various elements and 
an optical performance are not deteriorated. Water droplets 
that enter through an opening for the lens exposure in the 
opened State of the lens barrier tend to be accumulated in a 
barrier retraction Space rather than being drained. 
0009. The lens barrel disclosed in each of the aforemen 
tioned publications is not provided with the dust-proof/drip 
proof structure for the lens barrier and a portion around the 
mechanism for driving the lens barrier. The aforementioned 
disclosed lens barrel is not provided with the structure for 
discharging water that has entered into the lens barrel. 

SUMMARY OF THE INVENTION 

0010) A lens barrel according to the first aspect of the 
invention is provided with a lens provided in a lens chamber 
within the lens barrel, a lens barrier that is opened and closed 
in front of the lens, a barrier drive cylinder provided on an 
outer peripheral Side of the lens So as to be allowed to rotate 
about an optical axis relative to a member provided on an 
inner peripheral side of the barrier drive cylinder, a first link 
mechanism that rotates the barrier drive cylinder, a Second 
link mechanism that opens and closes the lens barrier 
interlocking with a rotation of the barrier drive cylinder, and 
an annular Seal member that is provided into a Space 
between the barrier drive cylinder and the member provided 
on the inner peripheral Side over an entire circumference. 
0011. In the case where the lens is allowed to move 
forward and backward along the optical axis for performing 
an operation of Zooming or focusing, it is preferably Struc 
tured Such that the first link mechanism interrupts the 
rotation of the barrier drive cylinder when the lens moves 
forward and backward for performing the operation of 
Zooming or focusing. 
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0012. When the lens is allowed to move forward and 
backward in a range between a shooting position and a 
non-shooting position along the optical axis, the first link 
mechanism preferably rotates the barrier drive cylinder 
interlocking with the lens that moves forward and backward. 
0013 The first link mechanism may be structured to 
rotate the barrier drive cylinder only when the lens moves in 
a part of the range between the shooting position and the 
non-shooting position. 
0014. The first link mechanism may comprise a rotary 
cylinder that rotates about the optical axis on the outer 
peripheral Side of the lens So as to generate a force that 
moves the lens and the barrier drive cylinder along the 
optical axis, and a Straight guide member that guides the lens 
to move Straight along the optical axis and applies a rotating 
force around the optical axis to the barrier drive cylinder that 
moves along the optical axis. 
0015 The second link mechanism may comprise a drive 
force generation member that generates a drive force for 
opening and closing the lens barrier, and a transfer mecha 
nism that opens the lens barrier through a transfer of the 
drive force to the lens barrier interlocking with a rotation of 
the barrier drive cylinder in one direction and closes the lens 
barrier without the transfer of the drive force interlocking 
with a rotation of the barrier drive cylinder in an opposite 
direction. The transfer mechanism is provided closer to a 
front of the lens barrel than the seal member. 

0016 A lens barrel according to a second aspect of the 
invention is provided with lenses provided in a lens chamber 
within the lens barrel, a lens barrier that is opened and closed 
in front of the lenses, a barrier block that is provided near an 
inlet of the lens chamber. The barrier block is capable of 
holding the lens barrier in an open State and a closed State, 
and has a barrier retraction Space in which the lens barrier in 
an opened State is received. AS the barrier block moves along 
the optical axis, a Volume of a rear portion of the lens 
chamber changes. The above-Structured barrier block is 
provided with a drain hole which communicates the barrier 
retraction Space with an outside of the lens barrel, and an air 
passage formed near the drain hole which communicates the 
barrier retraction Space with the rear portion of the lens 
chamber. Accordingly an air flow directed from the rear 
portion of the lens chamber toward the barrier retraction 
Space is generated in the air passage when the barrier block 
moves backward. 

0017. The barrier unit includes at least a part of the lenses 
and a holding member thereof, and a part of the air passage 
may be an air hole formed in the holding member. 
0018. It is preferable to dispose a metal function member 
within the lens barrel in the air passage So as to prevent 
rusting. It is preferable to Seal the air passage with a gas 
permeable water-repellent sheet So as to prevent water from 
entering into the inside of the lens barrel. A plurality of the 
air passages formed in the barrier block makes Sure to 
discharge air within the lens chamber to the outside. 
0019. The first and the second aspect of the invention 
may be combined to form the lens barrel according to the 
third aspect of the invention. The lens barrel according to the 
third aspect may employ a metal Spring as the Second link 
mechanism in the form of the barrier drive force generation 
member. The barrier drive force generation member may be 
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disposed in the air passage So as to prevent rusting. The 
camera that contains the lens barrier according to the first to 
the third aspects of the invention effectively prevents water 
from entering thereinto, and effectively drains the water that 
has been entered and accumulated therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a top view of a camera according to the 
first embodiment; 

0021) 
FIG. 1; 

FIG. 2 is a front view of the camera as shown in 

0022 FIG. 3 is a cross sectional view of a lens barrel 
taken along line III-III shown in FIG.2 when the lens barrier 
is closed; 

0023 FIG. 4 is a cross sectional view of the lens barrel 
taken along line IV-IV shown in FIG.2 when the lens barrier 
is closed; 

0024 
0025 FIG. 6 is an expanded view of a portion VI shown 
in FIG. 5 as a barrier drive cam formed in the guide key; 

0026 FIG. 7 is a view similar to FIG. 3 when the lens 
barrier is opened; 

0027 FIG. 8 shows the lens barrier viewed from a back 
Side of the camera; 

0028 FIG. 9 shows the lens barrier in a closed state 
viewed from a front side of the camera; 

0029 FIG. 10 is a view similar to FIG. 9 when the lens 
barrier is opened; 

0030 FIG. 11 is a view of a barrier drive mechanism 
viewed from the back side of the camera when the lens 
barrier is closed; 

0031 FIG. 12 is a view similar to FIG. 11 when the lens 
barrier is opened; 

FIG. 5 is a development of a guide key; 

0.032 FIG. 13 is a front view of a camera according to the 
Second embodiment; 

0.033 FIG. 14 is a cross sectional view of a lens barrel 
taken along line XIV-XIV shown in FIG. 13 when a lens 
barrier is closed; 

0034 FIG. 15 is a cross sectional view of the lens barrel 
taken along line XV-XV shown in FIG. 13 when the lens 
barrier is closed; 

0035 FIG. 16 is a view similar to FIG. 14 when the lens 
barrier is opened; 

0036 FIG. 17 shows the lens barrier viewed from the 
back Side of the camera; 

0037 FIG. 18 is an expanded view that represents a 
portion located near a drain hole and an air hole as shown in 
FIG. 14; 

0038 FIG. 19 shows a barrier drive ring holding member 
Viewed from a front of an optical axis, and 
0039 FIG. 20 is a view corresponding to FIG. 18, which 
represents a modified example of the Second embodiment. 
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DESCRIPTION OF THE PREFFERED 
EMBODIMENT 

First Embodiment 

0040. A first embodiment according to the invention will 
be described referring to FIGS. 1 to 12. 
0041 FIGS. 1 and 2 respectively show a top view and a 
front view of a camera (digital still camera) according to the 
first embodiment. A power button 1, a shutter button 2, and 
Zoom buttons 3, 4 are provided on a top Surface of the 
camera. A Zoom motor 11 is driven upon depression of the 
Zoom button, and the resultant rotation is transferred to a 
cam cylinder 21 of a lens barrel LB via a worm 12 and a gear 
set 13. The rotation of the cam cylinder 21 allows a Zooming 
operation. When the power is turned off, the lens barrel LB 
is brought into a retracted position (non-shooting position, 
non-photographing position). The Zoom motor 11 serves as 
a drive Source that brings the lens barrel into the retracted 
position and projects it into the shooting position (photo 
graphing position), respectively. Under the Zoom control, an 
end of a reflection tape applied onto the cam cylinder 21 is 
detected by a photo reflector PR and a position when 
detecting the end of the reflection tape is set as a reference 
position. A rotation amount of the cam cylinder 21 from the 
reference position is controlled through detection of the 
rotation of the worm 12 by a photo interrupter PI. 
0042. The lens barrel LB incorporates a lens barrier 40 
(hereinafter simply referred to as a barrier) that opens/closes 
in front of the lens. The detailed description with respect to 
the structure and the drive mechanism for the barrier 40 will 
be explained later. The barrier is closed by four barrier 
blades that cover an opening 51c for exposure of the lens 
Such that the photographic lens is protected. 
0043. The description with respect to the lens drive 
mechanism, the barrier, the barrier operation mechanism, 
and the drip-proof structure of the lens barrel LB will be 
explained referring to FIGS. 3 to 12 in order. 
0044) <Lens Drive Mechanisms 
004.5 FIGS. 3 and 4 are cross sectional views of the lens 
barrel LB taken along lines III-III and IV-IV shown in FIG. 
2 respectively when the lens is in a retracted position. A fixed 
cylinder 22 that is fixed to a camera body has the cam 
cylinder 21 on its inner periphery. The cam cylinder 21 is 
rotated about an optical axis by the driving force of the Zoom 
motor 11 that has been transferred to a gear portion 21a of 
the cam cylinder 21. A cam follower 21b provided on the 
cam cylinder 21 is engaged with a cam of the fixed cylinder 
22. Accordingly the cam cylinder 21 moves backward and 
forward along the optical axis while rotating relative to the 
fixed cylinder 22, that is, the camera body. 
0046. A guide key 23 provided on the inside of the cam 
cylinder 21 is rotatably held at a holding portion 23a (FIG. 
4) relative to the cam cylinder 21 so as to move backward 
and forward along the optical axis together with the cam 
cylinder 21. A stopper 22a of the fixed cylinder 22 prevents 
the rotating operation of the guide key 23. Accordingly the 
guide key 23 does not rotate relative to the fixed cylinder 22. 
As the development of FIG. 5 shows, the guide key 23 has 
two kinds of key grooves (straight guide grooves) along the 
optical axis, that is, three grooves 23b and three grooves 23c, 
respectively. Those grooves Serve to guide first-group lenses 
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L1 and Second-group lenses L2 along the optical axis, 
respectively as later described. 
0047 The first-group lenses L1 are held by a first-group 
frame 24 that is pushed into a first-group cylinder 25 So as 
to be held. A cam follower 25a formed on the first-group 
cylinder 25 goes through the key groove 23b of the guide 
key 23 (FIG. 5) so as to be engaged with a cam groove for 
driving the first-group lenses of the cam cylinder 21. Accom 
panied with the rotation of the cam cylinder 21, the first 
group cylinder 25, that is, the first-group lenses L1 are 
allowed to move backward and forward along the optical 
axis relative to the cam cylinder 21. Meanwhile the second 
group lenses L2 are held by a Second-group frame 26 
together with the shutter 27. A cam follower 26a of the 
Second-group frame 26 goes through the key groove 23c 
(FIG. 5) of the guide key 23 so as to be engaged with a cam 
groove for driving the Second-group lenses of the cam 
cylinder 21. Accompanied with the rotation of the cam 
cylinder 21, the Second-group lenses L2 and the Shutter 27 
are allowed to move backward and forward along the optical 
axis relative to the cam cylinder 21. 
0.048. A third-group lens L3 held by a third-group frame 
28 is formed as a focus lens, which is driven along the 
optical axis by a not-shown focus motor (stepping motor). 
Apertures 31, 32, an optical low pass filter 33, an image 
capturing element 34 such as a CCD, a rear cover 35 of the 
camera, and a front cover 36 of the camera are provided. 

0049) <Barrier Structure> 
0050. An outer barrier cover 51 attached to a leading end 
of the first-group cylinder 25 has an opening 51c formed 
therein for exposure of the lens. In case of closing the 
barrier, four barrier blades 41A, 41B, 42A and 42B serve to 
cover the opening 51c as shown in FIG. 3. In case of 
opening the barrier, those blades that have been released are 
retracted into a barrier retraction space SP1 defined by the 
inner and outer barrier covers 52, 51 So as to be stored 
overlapped therein as shown in FIG. 7. 

0051 FIG. 8 shows the barrier 40 viewed from the 
image-capturing element, and FIGS. 9 and 10 respectively 
show the barrier 40 viewed from the front end of the camera 
in the direction IX as shown in FIG. 4. The upper barrier 
blades 41A, 42A are supported rotatably about an axis 51a 
that protrudes from the barrier cover 51. The lower barrier 
blades 41B, 42B are supported rotatably about an axis 51b 
in the Same manner as aforementioned. The axes 51a and 
51b are provided with blade drive springs (torsion springs) 
45A, 45B, respectively. Ends of the springs 45A and 45B are 
respectively held at Spring holding portions 41Aa and 41Ba 
of the respective barrier blades 41A, 41B, and the other ends 
are held at spring holding portions 52a, 52b of the barrier 
cover 52 respectively. The bias force of those springs 45A, 
45B serve to bias those four barrier blades toward a barrier 
closing direction. When the barrier is closed, leading ends of 
the barrier blades 41A and 41B abut with each other. The 
barrier blades 42A and 42B are laid on and under the barrier 
blades 41A and 41B, respectively. 

0.052 Back surfaces of the barrier blades 41A and 41B 
have blade drive shafts 41Ab and 41Bb as shown in FIG. 8 
So as to protrude therefrom, respectively. Front Surfaces of 
the barrier blades 41A and 41B have blade link shafts 41Ac 
and 41Bc as shown in FIG. 9 so as to protrude therefrom, 

Sep. 15, 2005 

respectively. In the State where the barrier is closed, when a 
barrier drive ring 53 (described later) rotates in a barrier 
opening direction So as to apply the force in the barrier 
opening direction to the blade drive shafts 41Ab, 41Bb, the 
barrier blades 41A and 41B start rotating about the shafts 
51a and 51b respectively against the bias force of the springs 
45A and 45B. As the barrier blades 41A and 41B move to 
reach a predetermined barrier opening position, the blade 
link shafts 41Ac and 41Bc abut on the barrier blades 42A 
and 42B, respectively. As a result, the barrier blades 42A and 
42B Start opening. 

0053 FIG. 10 shows the barrier in the state where the 
respective barrier blades are in fully opened positions. In the 
fully opened state, when the barrier drive ring 53 (described 
later) rotates in the barrier closing direction to interrupt the 
application of the drive force for opening the barrier to the 
blade drive shafts 41 Ab and 41 Bb, each bias force of the 
blade drive springs 45A, 45B serves to close the blade 
(FIGS. 8, 9). The description with respect to the barrier 
opening/closing operation will be described later. 

0054) <Barrier Drive Mechanisms 
0055. The aforementioned barrier blades are opened 
through transfer of the bias force of a bias spring 55 to the 
blade drive shafts 41 Ab and 41Bb via the barrier drive ring 
53 as shown in FIG. 11. The barrier drive ring 53 is joined 
through bayonet coupling with an engaging pawl 54b of a 
barrier drive ring holding member 54 as shown in FIG. 3 
screwed to the first-group cylinder 25 so as to be rotatable 
about the optical axis relative to the barrier drive ring 
holding member 54. The bias spring 55 is interposed 
between a spring holding portion 53a of the barrier drive 
ring 53 and a Spring holding portion 54a of the holding 
member 54 so as to bias the barrier drive ring 53 counter 
clockwise as shown in FIG. 11. The bias spring force for 
opening the barrier applied to the barrier drive ring 53 is 
blocked by a barrier drive cylinder 56 (described later) until 
it is required to open the barrier. When it is required to open 
the barrier, the barrier drive cylinder 56 is operated into a 
barrier opening direction Such that the bias force of the bias 
spring 55 serves to rotate the barrier drive ring 53 in the 
opening direction So as to open the barrier blades. 
0056. The barrier drive ring 53 and the bias spring 55 are 
disposed in the space SP2 (FIG. 7) defined by the inner 
barrier cover 52 and the barrier drive ring holding member 
54. The space SP2 will be referred to as the drive ring space. 
0057 The spring holding portion 54a and the engaging 
pawl 54b maybe formed integrally with the first-group 
cylinder 25. However, if the above-described pawl-like 
member is integrally formed with the first-group cylinder 
25, a hole has to be formed around the pawl-like member for 
the purpose of eliminating the undercut portion. Accordingly 
water is likely to enter into the lens barrel through the 
aforementioned hole. In the embodiment, the holding mem 
ber 54 is provided with the pawl-like member so as to 
prevent water from entering into the front Surface of the 
first-group cylinder 25. Then the holding member 54 is 
attached by Screws to the first-group cylinder 25 So as to 
avoid formation of the hole, resulting in the improved 
drip-proof structure. 

0.058 FIG. 11 shows the barrier drive ring 53 in the state 
where its counterclockwise rotation is interrupted by a pawl 
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56A of a barrier drive cylinder 56 (described later) while 
keeping the barrier blades closed. Accompanied with the 
counterclockwise rotation of the barrier drive cylinder 56 in 
response to the request for opening the barrier, the pawl 56A 
is moved counterclockwise. Accordingly the counterclock 
wise rotation of the barrier drive ring 53 is allowed by the 
bias force of the bias spring 55. The barrier drive ring 53 is 
provided with a pair of abutment portions 53b symmetrical 
with respect to the axis of the barrier drive ring 53. The 
counterclockwise rotation of the barrier drive ring 53 brings 
the pair of abutment portions 53b into abutment on the blade 
drive shafts 41Ab and 41 Bb. The barrier blades are released 
by moving the blade drive shafts 41Ab and 41Bb to the 
position as shown in FIG. 12. 
0059) Abayonet portion 56b (FIG. 3) of the barrier drive 
cylinder 56 having the pawl 56A for limiting the rotation is 
joined through bayonet coupling with the first-group cylin 
der 25. Accordingly the barrier drive cylinder 56 moves 
along the optical axis together with the first-group cylinder 
25. The barrier drive cylinder 56 is allowed to rotate relative 
to the first-group cylinder 25 only in a certain angular range. 
A cam follower 56c (FIG. 4) of the barrier drive cylinder 56 
is engaged with the barrier drive cam 23d (FIGS. 5, 6) 
formed in the guide key 23. The cam cylinder 21 moves 
along the optical axis while rotating with the cam groove of 
the fixed cylinder 22. The guide key 23 moves along the 
optical axis together with the cam cylinder 21, but does not 
rotate relative to the fixed cylinder 22. The first-group 
cylinder 25 is moved accompanied with the rotation of the 
cam cylinder 21 along the optical axis together with the 
barrier drive cylinder 56. A distance of the movement of the 
first-group cylinder 25 along the optical axis is different 
from that of the cam cylinder 21. The barrier drive cylinder 
56 moves along the optical axis relative to the guide key 23, 
which allows the barrier drive cylinder 56 to rotate upon 
receipt of the rotating force from the barrier drive cam 23d. 
The pawl 56A is driven to be moved between the position 
(FIG. 11) at which the rotation of the barrier drive ring 53 
is interrupted and the position (FIG. 12) at which the 
rotation is allowed. The detailed operations will be 
explained later. 
0060 <Drip-Proof Structure> 
0061 Aring-shaped drip-proof rubber member 71 is fit to 
the space defined by the front cover 36 of the camera and the 
cam cylinder 21 over an entire circumference. A ring-shaped 
drip-proof rubber member 72 is also fit to the space defined 
by the cam cylinder 21 and the barrier drive cylinder 56 over 
an entire circumference. A ring-shaped drip-proof rubber 
member 73 is further fit to the space defined by the barrier 
drive cylinder 56 and the first-group cylinder 25 over an 
entire circumference. An outer peripheral Surface of the 
drip-proof rubber member 71 is bonded to the front cover 36 
of the camera, and an inner peripheral Surface is in contact 
with the Outer peripheral Surface of the cam cylinder 21. An 
outer peripheral surface of the drip-proof rubber member 72 
is bonded to the cam cylinder 21, and an inner peripheral 
Surface is in contact with an Outer peripheral Surface of the 
barrier drive cylinder 56. An outer peripheral surface of the 
drip-proof rubber member 73 is bonded to the barrier drive 
cylinder 56, and an inner peripheral Surface is in contact 
with the outer peripheral Surface of the first-group cylinder 
25. That is, each of the above-described drip-proof rubber 
members 71 to 73 is bonded to the inner peripheral surface 
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of each of the outer members, and in tight contact with the 
inner member through elastic force So as to prevent water 
droplets and dust from entering through the respective gaps. 
These drip-proof rubber members 71 to 73 serve to perform 
a shading function. The gap between the first-group frame 
24 and the first-group cylinder 25 is sealed with the silicon. 

0062). Each of FIGS. 3, 4 and 11 represents the state 
where the lens barrel LB is in the retracted position, and the 
respective blades of the barrier 40 are closed. In the afore 
mentioned state, the cam follower 56c of the barrier drive 
cylinder 56 is in the position designated as Prshown in FIG. 
6 relative to the barrier drive cam 23d of the guide key 23. 
When the power of the camera is turned on, the Zoom motor 
11 rotates, and the aforementioned function causes the cam 
cylinder 21 to be projected while being rotated, and the 
first-group cylinder 25 and the Second-group frame 26 
moves backward and forward relative to the cam cylinder 
21. 

0063. The guide key 23 that moves backward and for 
ward together with the cam cylinder 21 moves relative to the 
barrier drive cylinder 56, which is projected together with 
the first-group cylinder 25, in the arrow direction as shown 
in FIG. 6. Accordingly the cam follower 56c receives the 
rotating force from the cam 23d until it reaches the position 
Pm, and the barrier drive cylinder 56 rotates. This allows the 
pawl 56A of the barrier drive cylinder 56 to rotate counter 
clockwise as shown in FIG. 11, and the barrier drive ring 53 
is rotated in the same direction by the bias force of the bias 
spring 55. As the barrier drive ring 53 rotates to a certain 
degree, the pair of the abutment portions 53b abut on the 
blade drive shafts 41Ab and 41Bb respectively so as to be 
driven. Then four barrier blades 41A, 41B, 42A and 42B are 
released to be stopped in abutment on the Stopper at the 
released side, thus stopping the barrier drive ring 53. The 
barrier drive cylinder 56 keeps rotating even after the drive 
ring is stopped. It stops when the cam follower 56c reaches 
the position Pm. 

0064. The barrier blades are constantly biased toward the 
closing direction by the blade drive springs 45A and 45B. As 
the bias force of the bias spring 55 is greater than that of the 
blade drive springs 45A and 45B, those blades 41A, 41B, 
42A and 42B are held opened. 
0065. The cam cylinder 21, guide key 23, the first-group 
cylinder 25 and the barrier drive cylinder 56 further move 
forward until the lenses L1 and L2 reach the “wide' end 
position. Then photographing is allowed. The cam follower 
56c at this time is located on the position Pw. The cam 
follower 56c moves in parallel with the optical axis of the 
barrier drive cam 23d in the range between the position Pm 
and the position Pw. Until then, it is not influenced by the 
rotating force, and the barrier drive cylinder 56 does not 
rotate. Upon operation of the Zoom buttons 3 and 4 for 
Zooming, the first-group cylinder 25 and the Second-group 
frame 26 move backward and forward along the optical axis. 
The first-group cylinder 25 once retracts toward the CCD in 
accordance with the Zooming to a “tele' Side, and then 
moves forward from the halfway position. The barrier drive 
cylinder 56 that moves together with the first-group cylinder 
25 has the same movement as described above. The cam 
follower 56c moves to pass the positions Pw, Pm, Pw, and 
Pt (“tele” end) in this order, and moves in the reverse order 
in case of Zooming to the “wide'. Accordingly, the cam 
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follower 56c is not influenced by the drive force from the 
barrier drive cam groove 23d, thus preventing the rotation of 
the barrier drive cylinder 56. 

0.066 FIG. 7 shows the operational state in which the 
cam follower 56c is located on the position Pm (the inter 
mediate position between the “tele” end and the “wide” end) 
by Zooming. In this State, the degree of projection of the 
first-group cylinder 25 and the barrier drive cylinder 56 from 
the cam cylinder 21 become the Smallest among those 
during the Zooming. There may be the case where the lens 
barrel is brought into such state when the cam follower 56c 
reaches the “wide” end position. 

0067. When the power of the camera is turned off, the 
lens barrel LB is driven to the retracted position. As it 
approaches the retracted position, the relative movement of 
the barrier drive cylinder 56 that moves together with the 
first-group cylinder 25, and the guide key 23 that moves 
together with the cam cylinder 21 causes the cam follower 
56c of the barrier drive cylinder 56 to move from the 
position Pm to the position Pr. Accordingly the cam follower 
56c receives the rotating force from the cam 23d, and the 
barrier drive cylinder 56 rotates in the direction reverse to 
the one as aforementioned (the clockwise direction as shown 
in FIG. 12). The pawl 56A of the barrier drive cylinder 56 
rotates the barrier drive ring 53 clockwise against the bias 
spring 55 so as to release the force applied to the blade drive 
shafts 41Ab, 41Bb for opening. Then the respective barrier 
blades are closed by the bias force of the blade drive Springs 
45A and 45B. 

0068. The drip-proof rubber member 73 that is fit 
between the barrier drive cylinder 56 and the first-group 
cylinder 25 slidably moves on the outer peripheral surface of 
the first-group cylinder 25 upon rotation of the barrier drive 
cylinder 56 Such that the sliding friction force is generated. 
Such friction force becomes the rotational load of the barrier 
drive cylinder 56. The embodiment of the invention is 
structured so that the bias force (barrier drive force) of the 
bias spring 55 is transferred to the barrier 40 interlocking 
with the rotation of the barrier drive cylinder 56 to open the 
barrier 40 rather than the case where the barrier drive 
cylinder 56 directly drives the barrier 40. Accordingly the 
friction force does not function as the resistance against the 
bias spring 55 without giving an adverse effect to the 
opening operation of the barrier. The consideration with 
respect to the use of a large bias Spring Sufficient to resist the 
friction force does not have to be made, resulting in reduced 
cost and Space. 

0069. The barrier drive cylinder 56 is rotated interlocking 
with the driving of the lens. The effect of the barrier drive 
cam 23d keeps the barrier drive cylinder 56 from rotating 
during the time other than that for operating the barrier. 
Especially at the Zooming operation, it is never rotated. This 
makes it possible to minimize the sliding movement of the 
drip-proof rubber member 73, thus improving the dust-proof 
and drip-proof functions. AS the friction force resulting from 
the sliding movement of the drip-proof rubber member 73 is 
never generated at the Zooming operation, Such friction force 
does not serve as the load of the motor. AS the rotating angle 
of the barrier drive cylinder 56 is substantially small as 
shown in FIGS. 11 and 12, the consideration for avoiding 
the interference of the barrier drive cylinder to the peripheral 
members may be minimized, thus Saving the Space. In the 
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structure where the barrier drive cylinder is constantly 
rotated when the lens is driven (including Zooming) as 
disclosed in Japanese Laid-Open Patent Publication No. 
2001-215559, the friction force of the drip-proof rubber 
member Serves as the motor load during the Zooming 
operation. AS the rotating amount of the pawl is also 
increased, the consideration for avoiding the interference to 
the peripheral members has to be made. 
0070 The barrier drive cylinder 56 rotates upon receipt 
of the rotating force from the barrier drive cam 23d formed 
in the guide key 23. It may be structured to receive the 
rotating force from the cam formed in the cam cylinder 21 
rather than that formed in the guide key 23. AS the cam 
cylinder 21 has been already provided with the cam for 
driving two groups of lenses L1 and L2, if the cam for 
driving the barrier is further added, the length or the thick 
neSS of the cam cylinder 21 has to be increased depending 
on circumstances. Meanwhile, the guide key 23 is provided 
with two guide grooves 23b and 23c. AS the rotating angle 
of the barrier drive cylinder 56 is substantially small as 
described above, most part of the cam 23d is Straight as 
shown in FIGS. 5 and 6. Then the thickness or the length 
of the guide key 23 does not have to be increased for adding 
the cam 23d to the guide key 23. 
0071 AS has been described above, the first-group cyl 
inder 25 is arranged just inside of the barrier drive cylinder 
56. It is inevitable to fit the drip-proof rubber member 73 to 
the space between the barrier drive cylinder 56 and the 
first-group cylinder 25. In the Structure having the other 
member, which can rotate relatively to the barrier drive 
cylinder 56, between the barrier drive cylinder 56 and the 
first-group cylinder 25, the drip-proof rubber member 73 is 
fit to the space between the barrier drive cylinder 56 and the 
other member. 

Second Embodiment 

0072 A camera that has a lens barrel according to the 
second embodiment will be described referring to FIGS. 13 
to 19. In this embodiment, an explanation will be only made 
with respect to the elements different from those of the first 
embodiment, and the explanation of the Same elements as 
those of the lens barrel in the first embodiment and desig 
nated with the same reference numerals, thus, will be 
omitted. The lens barrel according to the Second embodi 
ment is provided with a drain Structure that drains water 
which has accidentally entered into the lens barrel. 
0073. The drain structure as the feature of the second 
embodiment will be described referring to FIGS. 13 to 17. 
0074 The camera has drain holes 51h formed in a barrier 
cover 51 for draining. The outer barrier cover 51 in front of 
the lens barrel LB has a plurality of small holes 51h 
(hereinafter referred to as drain holes) at the portion under 
an opening 51C for exposure of the lens. The opening 51C is 
opened/closed with the lens barrier 40 (hereinafter simply 
referred to as a barrier) as described above. The opening 51c 
is closed by four barrier blades So as to protect the photo 
graphic lenses. 

0075) The aforementioned drain holes 51h are formed in 
substantially the lowest portion of the outer barrier cover 51. 
As shown in the expanded view in FIG. 18, a barrier 
retraction space SP1 is communicated with an outside of the 
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camera through the drain holes 51h. That is, the drain holes 
51h are formed for the purpose of draining water droplets 
that reside in the lower portion of the barrier retraction Space 
SP1 to the outside. Meanwhile, an air hole 52h is formed in 
the lowest portion of an inner barrier cover 52 at a position 
mostly opposite to the drain holes 51h. The barrier retraction 
space SP1 is communicated with the drive ring space SP2 
through the air hole 52h. 
0076) The barrier drive ring holding member 54 and the 
first-group cylinder 25 have air holes 54h and 25h at the 
lowest portions thereof, respectively. Those air holes 54h 
and 25h are partially overlapped with respect to the optical 
axis as shown in FIG. 19 representing the view of the barrier 
drive ring holding member 54 from the front of the optical 
axis. Accordingly the drive ring Space SP2 is communicated 
with a rear space in the barrel (rear space of lens chamber) 
SP3 via the air holes 54h and 25h. The air hole 25h formed 
in the first-group cylinder 25 is tapered where its opening 
area is reduced as it approaches the front of the camera. 
0077 Referring to FIG. 19, a screw hole 54d is formed 
with which the outer barrier cover 51 is fixed, and a screw 
BS is used for fixing the barrier drive ring holding member 
54 to the first-group cylinder 25. 
0078. The air holes 52h, 54h, 25h and the space SP2 
formed in the respective members constitute an air passage 
through which the communication between the barrier 
retraction space SP1 and the rear space SP3 in the barrel is 
made. The air passage is formed at a position mostly 
opposite to the drain holes 51h. The barrier covers 51, 52, 
the barrier drive ring holding member 54 and the first-group 
cylinder 25 are combined to constitute a single lens block or 
a barrier block BR that does not rotate about the optical axis. 
Accordingly each position of the air passage and the drain 
holes 51h formed in the block BR is kept unchanged 
irrespective of the operation State of the lens barrel. 
0079. In other words, the barrier block BR is provided 
near an inlet of the lens chamber So as to be movable along 
the optical axis and to hold the state of the lens barrier that 
can be opened and closed. The barrier block BR has the 
barrier retraction space SP1 formed therein for accommo 
dating the lens barrier in the opened State. AS the barrier 
block BR moves along the optical axis, the volume of the 
rear Space within the lens chamber is changed. 
0080. As described above, the rear space SP3 in the lens 
barrel represents the Space within the lens barrel, which is 
closer to the rear of the camera than the first-group lenses 
L1, that is, the lens block BR. 
0081. A tapered air hole 25h2 is formed in the upper 
portion of the first-group cylinder 25 as shown in FIG. 19, 
through which the communication between the rear Space 
SP3 in the lens barrel and the drive ring space SP2 is made. 
The drive ring space SP2 is communicated with the barrier 
retraction Space SP1 via a center opening of the inner barrier 
cover 52. That is, another air passage is formed in the upper 
portion of the lens barrel to communicate the barrier retrac 
tion space SP1 with the rear space SP3 in the lens barrel. A 
water repellent sheet 101 is fixed to the front Surface of the 
first-group cylinder 25 So as to cover each end of the 
respective taper holes 25h and 25h2. The water repellent 
sheet 101 is generally formed of such material as a water 
repellent polyester (finished with silicone and fluoride) fiber 
as an air permeable material that repels water for the use in 
the closing material field. 
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0082 The draining operation will be described hereinaf 
ter. 

0083) The aforementioned drip-proof rubber members 71 
to 73 prevent water from entering into the lens barrel as least 
as possible. However, it may be the case that water enters 
into the barrier retraction space SP1 through the opening 51c 
upon opening of the barrier or during its opening/closing 
operation. Even if the barrier is closed, water may enter into 
the barrier retraction space SP1 through the gap between the 
barrier blade and the outer barrier cover 51 in the same way 
as described above. The residual water in the barrier retrac 
tion space SP1 is drained through the drain hole 51h formed 
in the outer barrier cover 51. The Surface tension of the water 
makes it difficult to let such water to be drained by itself 
unless the size of the drain hole 51h is increased to a certain 
degree. However, if the size of the drain hole 51h is 
increased, the characteristic with respect to the design is 
limited. Moreover it is difficult for the Small sized lens barrel 
to further increase the size of the drain hole. Therefore, the 
hole 51h has to be limited to be extremely small. The 
residual water may be held in the camera unless it is forcedly 
drained by Shaking of the camera by the user. 
0084. In the second embodiment, the air passage formed 
in the lens block BR (airholes 52h, 54h, 25h and space SP2) 
further facilitates the draining. When the lens barrel is 
retracted, the lens block BR moves backward to reduce the 
volume of the rear space SP3 in the lens barrel. At this 
moment, an air flow directed from the rear space SP3 to the 
barrier retraction Space SP1 is generated as shown by an 
arrow in FIG. 18. As the air passage is formed at the lower 
portion of the lens block BR, the aforementioned air flow 
serves to force the residual water in the lower portion of the 
barrier retraction space SP1 to the outside through the drain 
holes 51h. Even if the size of the drain holes 51h is Small, 
the residual water can be effectively drained outside without 
Shaking of the camera by the user. 
0085. As the air hole 25h that partially constitutes the air 
passage has a tapered shape, the pressure of air that is fed 
forward through the air hole 25h becomes high, thus enhanc 
ing the draining performance. Additionally the formation of 
the tapered hole can be easily facilitated. AS the water 
repellent sheet 101 is attached to the front end of the tapered 
hole 25h, the entrance of water backward of Such water 
repellent sheet can be prevented as much as possible. 
0086. In the case where the camera is used in a heavy 
rain, which allows entrance of much water into the barrier 
retraction space SP1 to prevent the flow of air by blocking 
the air passage, it may be difficult to drain Such water. In the 
Second embodiment, the air flow directed from the rear 
space SP3 in the lens barrel to the drive ring space SP2 is 
generated in the tapered hole 25h2 formed in the upper 
portion of the first-group cylinder 25. Such air flow serves 
to force the water in the barrier retraction space SP1 to the 
outside. Accordingly draining of the water in the barrier 
retraction Space SP1 and the lower air passage may be 
facilitated. As the water repellent sheet 101 is attached to the 
end of the hole 25h2, entrance of water backward may be 
prevented as much as possible as aforementioned. 
0087. In the second embodiment, the bias spring 55 is 
provided in the middle of the air passage So as to rotate the 
barrier drive ring 53 as shown in FIG. 18. The bias spring 
55 formed of a metal is likely to be rusted by water. 
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However, air flowing through the air passage is expected to 
dry the spring 55 so as to be protected from being rusted. 
0088 FIG. 20 shows a modified example of the second 
embodiment. The same elements that exhibit the same 
functions as those in the first embodiment will be designated 
with the same reference numerals. In this example, the drain 
holes 56h are formed in the lower-end portion of the 
peripheral Surface of the barrier drive cylinder 56 instead of 
the barrier cover, that is, the portion corresponding to the 
bottom of the barrier retraction space SP1 for drainage. In 
this case, as the air passage formed of the air holes 52h, 54h, 
25h and the space SP2 is formed in the vicinity of the drain 
holes 56h, the air flow may facilitate the drain operation 
effectively as aforementioned. 
0089. The barrier drive cylinder 56 as a constituent of the 
lens block BR rotates about the optical axis relative to the 
other elements such as the barrier covers 51, 52, the barrier 
drive ring holding member 54 and the first-group cylinder 
25. As the rotational angle of the barrier drive cylinder 56 is 
Substantially Small, the position of the drain holes is hardly 
changed, which does not influence the draining operation. In 
this example, the holes 56h are required to be formed 
forward of the end of the cam cylinder 21 even if the lens 
barrel is in the most retracted position So as to prevent the 
water drained through the holes 56h from dropping into the 
lens barrel. 

0090. In the aforementioned example, air holes that con 
Stitute the air passage are formed in the barrier drive ring 
holding member 54 and the first-group cylinder 25. The 
member in which the air holes are formed may be changed 
depending on the structure of the barrier block. The air 
passage for communicating the barrier retraction Space with 
the rear Space in the lens barrel may be made So long as it 
is located close to the drain holes. 

0.091 In the camera according to the first and the second 
embodiments, the lens is moved into the retracted position 
when it is not used, and the lens is brought into the “wide” 
end as the Shooting position when the power is turned on. 
Thereafter, the lens is set to an arbitrary position between the 
“wide' end and the" tele' end depending on the Zoom 
operation. The invention, however, may be applied to the 
camera in which the lens is not driven into the retracted 
position when it is not used, that is, the lens is constantly 
positioned at the Shooting position, or the Single focus 
camera. In this case, when the power is turned on, the barrier 
drive cylinder is rotated without driving the lens So as to 
release the barrier. This operation may be easily performed 
by providing the barrier drive cam to, for example, the cam 
cylinder. If the Zoom lens barrel is employed in the camera, 
the Zoom motor can be used as the drive Source for operating 
the barrier. 

0092. The invention may be applied to the camera in 
which the lens is moved backward and forward between the 
“wide' end and the “tele' end rather than retracting, or to the 
Single focus camera. The embodiments of the invention have 
been described with respect to the digital camera, however, 
it is applicable to the Silver halide camera. 
0093. The invention may be formed as a camera provided 
with combined features of the first and the second embodi 
mentS. 

0094. It is to be understood that the invention is not 
limited to the lens barrel or the camera that have been 
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described in detail in the embodiments but applicable to the 
lens barrel and the camera in which the elements equivalent 
to those described are replaced. 
What is claimed is: 

1. A lens barrel comprising: 
a lens provided in a lens chamber within the lens barrel; 
a lens barrier that is opened and closed in front of the lens, 
a barrier drive cylinder provided on an Outer peripheral 

Side of the lens So as to be allowed to rotate about an 
optical axis relative to a member provided on an inner 
peripheral side of the barrier drive cylinder; 

a first link mechanism that rotates the barrier drive 
cylinder, 

a Second link mechanism that opens and closes the lens 
barrier interlocking with a rotation of the barrier drive 
cylinder, and 

an annular Seal member that is provided into a Space 
between the barrier drive cylinder and the member 
provided on the inner peripheral Side over an entire 
circumference. 

2. The lens barrel according to claim 1, wherein: 
the lens is allowed to move forward and backward along 

the optical axis for performing an operation of Zooming 
or focusing, and 

the first link mechanism interrupts the rotation of the 
barrier drive cylinder when the lens moves forward and 
backward for performing the operation of Zooming or 
focusing. 

3. The lens barrel according to claim 1, wherein: 
the lens is allowed to move forward and backward in a 

range between a shooting position and a non-shooting 
position along the optical axis, and 

the first link mechanism rotates the barrier drive cylinder 
interlocking with the lens that moves forward and 
backward. 

4. The lens barrel according to claim 3, wherein: 
the lens that has reached the shooting position is further 

allowed to move forward and backward along the 
optical axis for an operation of Zooming or focusing, 
and 

the first link mechanism interrupts the rotation of the 
barrier drive cylinder when the lens moves forward and 
backward for performing the operation of Zooming or 
focusing. 

5. The lens barrel according to claim 4, wherein 
the first link mechanism rotates the barrier drive cylinder 

only when the lens moves in a part of the range between 
the shooting position and the non-shooting position. 

6. The lens barrel according to claim 3, wherein the first 
link mechanism comprises: 

a rotary cylinder that rotates about the optical axis on the 
Outer peripheral Side of the lens So as to generate a force 
that moves the lens and the barrier drive cylinder along 
the optical axis, and 

a Straight guide member that guides the lens to move 
Straight along the optical axis, and applies a rotating 
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force around the optical axis to the barrier drive cyl 
inder that moves along the optical axis. 

7. The lens barrel according to claim 1, wherein the 
Second link mechanism comprises: 

a drive force generation member that generates a drive 
force for opening and closing the lens barrier; and 

a transfer mechanism that opens the lens barrier through 
a transfer of the drive force to the lens barrier inter 
locking with a rotation of the barrier drive cylinder in 
one direction, and closes the lens barrier without the 
transfer of the drive force interlocking with a rotation 
of the barrier drive cylinder in an opposite direction. 

8. The lens barrel according to claim 6, wherein the 
Second link mechanism comprises: 

a drive force generation member that generates a drive 
force for opening and closing the lens barrier; and 

a transfer mechanism that opens the lens barrier through 
a transfer of the drive force to the lens barrel interlock 
ing with a rotation of the barrier drive cylinder in one 
direction, and closes the lens barrier without the trans 
fer of the drive force interlocking with a rotation of the 
barrier drive cylinder in an opposite direction. 

9. The lens barrel according to claim 7, wherein the 
transfer mechanism is provided closer to a front of the lens 
barrel than the seal member. 

10. The lens barrel according to claim 8, wherein 
the transfer mechanism is provided closer to a front of the 

lens barrel than the seal member. 
11. A camera comprising the lens barrel according to 

claim 1. 
12. A camera comprising the lens barrel according to 

claim 10. 
13. A lens barrel comprising: 
lenses provided in a lens chamber within the lens barrel; 
a lens barrier that is opened and closed in front of the 

lenses, and 
a barrier block that is provided near an inlet of the lens 
chamber So as to be movable along an optical axis, is 
capable of holding the lens barrier in an open State and 
a closed State, comprises a barrier retraction Space 
where the lens barrier in the opened State is received, 
and changes a Volume of a rear portion of the lens 
chamber according to a movement of the barrier block 
along the optical axis, wherein: 

the barrier block has a drain hole which communicates the 
barrier retraction Space with an outside of the lens 
barrel, and an air passage formed near the drain hole 
which communicates the barrier retraction Space with 
the rear portion of the lens chamber, Such that an air 
flow directed from the rear portion of the lens chamber 
toward the barrier retraction Space is generated in the 
air passage when the barrier block moves backward. 

14. The lens barrel according to claim 13, wherein: 
the barrier unit includes at least a part of the lenses and a 

holding member thereof, and 
apart of the air passage is an air hole formed in the holding 

member. 
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15. The lens barrel according to claim 13, wherein 
a metal function member within the lens barrel is disposed 

in the air passage. 
16. The lens barrel according to claim 13, wherein 
the air passage is Sealed with a gas permeable water 

repellent sheet. 
17. The lens barrel according to claim 13, wherein 
a plurality of the air passages are formed in the barrier 

block. 
18. The lens barrel according to claim 13, wherein: 
a metal function member within the lens barrel is disposed 

in the air passage; 
the air passage is Sealed with a gas permeable water 

repellent sheet and 
a plurality of the air passages are formed in the barrier 

block. 
19. A camera comprising the lens barrel according to 

claim 13. 
20. A lens barrel comprising: 
a lens provided in a lens chamber within the lens barrel; 
a lens barrier that is opened and closed in front of the lens, 
a barrier drive cylinder provided on an Outer peripheral 

Side of the lens So as to be allowed to rotate about an 
optical axis relative to a member provided on an inner 
peripheral side of the barrier drive cylinder; 

a first link mechanism that rotates the barrier drive 
cylinder, 

a Second link mechanism that opens and closes the lens 
barrier interlocking with a rotation of the barrier drive 
cylinder, 

an annular Seal member that is provided into a Space 
between the barrier drive cylinder and the member 
provided on the inner peripheral Side over an entire 
circumference; and 

a barrier block that is provided near an inlet of the lens 
chamber So as to be movable along an optical axis, is 
capable of holding the lens barrier in an open State and 
a closed State, comprises a barrier retraction Space 
where the lens barrier in the opened State is received, 
and changes a Volume of a rear portion of the lens 
chamber according to a movement of the barrier block 
along the optical axis, wherein: 

the barrier block has a drain hole which communicates the 
barrier retraction Space with an outside of the lens 
barrel, and an air passage formed near the drain hole 
which communicates the barrier retraction Space with 
the rear portion of the lens chamber, Such that an air 
flow directed from the rear portion of the lens chamber 
toward the barrier retraction Space is generated in the 
air passage upon when the barrier block moves back 
ward. 

21. A camera comprising the lens barrel according to 
claim 20. 


