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(57) ABSTRACT 

Alens barrel has a cam tube having a cam groove formed on 

an inner circumferential side thereof. The cam groove has a 

?rst cam groove area over Which a lens unit slides When the 

lens barrel is used for photo-taking and a second cam groove 
area over Which the lens unit slides When the lens barrel is 

not used for photo-taking. A taper angle of a side Wall 
surface of the ?rst cam groove area differs from a taper angle 
of a side Wall surface of the second cam groove area. The 

large taper angle facilitates removal of a mold from the cam 
tube at the time of manufacture. The arrangement also 
permits the ?rst cam groove area Which is for photo-taking 
to have a small taper angle, so that the lens unit can be 
accurately moved in the ?rst cam groove area. 
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LENS BARREL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a lens barrel 
mounted on a camera, and more particularly to a cam tube 
of the lens barrel, Which is provided With a cam groove for 
driving the component members of the lens barrel through a 
cam. 

[0003] 2. Description of Related Art 

[0004] In a case Where a cam tube having a cam groove on 
the inner circumferential side thereof is to be formed With a 
synthetic resin such as a plastic material by injection mold 
ing, a mold for forming the inner Wall of the cam tube, Which 
is divided into a plurality of parts, for eXample, siX parts, is 
used in many cases. 

[0005] FIG. 5 schematically shoWs the arrangement of 
inner-diameter slide pieces (molds) to be used for forming 
the inner cicumferential surface of a cam tube. The inner 
diameter slide pieces are, in fact, composed of a total of siX 
pieces, i.e., three large slide pieces and three small slide 
pieces. In FIG. 5, reference charcters D-A and D-B denote 
the large slide pieces, and reference character D-C denotes 
the small slide piece, While the remaining one large slide 
piece and tWo small slide pieces are omitted from the 
illustration. Each of these slide pieces is provided With a 
projection D-1-T for molding a cam groove for a ?rst lens 
group and a projection D-2-T for molding a cam group for 
a second lens group. 

[0006] When a plastic material is injected to the outer 
circumferential side of the slide pieces and is then cooled, a 
mold removing process is performed by moving the small 
slide piece D-C ?rst toWard an optical aXis (the center aXis 
of a cylindrical shape) to leave a gap space there and then 
moving the large slide pieces D-A and D-B toWard the 
optical aXis utiliZing the gap space formed by the movement 
of the small slide piece D-C. 

[0007] All of the slide pieces are thus removed by pulling 
them off toWard the optical aXis. To be eXact, hoWever, it is 
only a middle part of every slide piece, as vieWed in the 
circumferential direction thereof, that is pulled off toWard 
the optical aXis. The end parts of each slide piece located 
aWay from the middle part in the circumferential direction 
move in the direction parallel With the direction toWard the 
optical aXis, instead of moving toWard the optical aXis. 
Therefore, the parts of the cam groove to be molded by the 
circumferential end parts of the large slide pieces D-A and 
D-B, particularly, such parts that have a large lead, must be 
formed to have their cam-groove side Wall surfaces tapered 
at a large angle. In other Words, these parts must be formed 
to have such tapered surfaces that are Widely open With 
respect to the direction toWard the center line of the cam 
tube. 

[0008] Heretofore, the taper angle of side Wall surfaces of 
a cam groove Which is considered to be necessary for the 
tWo end parts of the large slide piece has been decided 
according to the allocation of the inner-diameter slide 
pieces. Further, all the areas of the cam groove are formed 
at a maXimum necessary taper angle. If the taper angle is 
obtuse, cam folloWers tend to come off the cam groove When 
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a strong impact is in?icted on the lens barrel in the direction 
of a photo-taking optical ads. 

[0009] According to an arrangement disclosed in Japanese 
Laid-Open Patent Application No. Hei 7-43581, to increase 
the strength of the edges of a cam groove formed in a cam 
tube, the taper angle of a side Wall surface on one side of the 
cam groove is gradually increased While another side Wall 
surface on the other side of the cam groove is formed to have 
a small taper angle. 

[0010] FIG. 6 shoWs the arrangement of a lens barrel 
disclosed in the above Japanese Laid-Open Patent Applica 
tion No. Hei 7-43581. As shoWn in FIG. 6, the lens barrel 
is composed of a rectilinear motion member 101 Which has 
penetrating helical cam grooves 101a, and a rotary member 
102 Which has cam folloWers 102a press-?tted therein. The 
movement of the rotary member 102, i.e., the cam folloWers 
102a, in the direction of the groove Width of each of the cam 
grooves 101a is arranged to be restrained by the groove 
Width of the helical cam groove 101a. 

[0011] Then, in the helical cam groove 101a, there are 
continuously formed a part Where the rotary member 102 is 
cam-driven Within a photo-taking movable range in Which 
the rotary member 102 is movable at the time of photo 
taking (a Zoom-and-focusing range) and another part Where 
the rotary member 102 is cam-driven Within a non-photo 
taking movable range in Which the rotary member 102 is 
movable When no photo-taking operation is performed (a 
stoWing range). 

[0012] HoWever, according to the arrangement disclosed 
in the above Japanese Laid-Open Patent Application No. Hei 
7-43581, the Wall surfaces on tWo sides of the helical cam 
groove 101a have different taper angles not only at the cam 
driving part for the rotary member 102 Within the non 
photo-taking movable range but also at the cam driving part 
Within the photo-taking movable range. 

[0013] Therefore, it is necessary, for preventing an adverse 
effect on the focusing accuracy, not to use the tWo side Wall 
surfaces for preventing the rotary member 102 from moving 
in the direction of the groove Width of the cam groove but 
to use only the Width of the cam groove for preventing the 
movement in the direction of the groove Width of the cam 
groove. In order to prevent the movement of the rotary 
member 102 in the direction of the groove Width solely by 
the Width of the cam groove, the cam groove must be formed 
in a penetrating shape as a through groove. The arrangement 
as mentioned above, therefore, cannot be used in cases 
Where it is impossible to have the cam groove formed as 
such a through groove. 

[0014] Further, With a cam groove formed in the inner Wall 
of the cam tube, the taper angle of the side Wall surface of 
the cam groove considered to be necessary at the tWo end 
parts of the large slide piece is decided according to the 
allocation of the inner-diameter slide pieces, as mentioned 
above. A taper angle of the side Wall surface of the cam 
groove considered to be necessary at the middle part of the 
inner-diameter slide piece is, therefore, smaller than the 
taper angle considered to be necessary at the tWo ends of the 
inner-diameter slide piece. HoWever, the cam groove is 
formed to have all side Wall surfaces at a certain ?xed taper 
angle. Therefore, the taper angle Which is considered nec 
essary only for the end parts of the inner-diameter slide piece 
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is applied to the Whole cam groove. As a result, the taper 
angle of the side Wall surfaces is too large for the cam groove 
as a Whole. Hence, the cam follower is apt to come off the 
cam groove When the lens barrel happens to receive an 
external force. 

BRIEF SUMMARY OF THE INVENTION 

[0015] It is an object of the invention to provide a lens 
barrel including a cam tube arranged to have a non-pen 
etrating cam groove, Which is formed on an inner circum 
ferential side of the cam tube in such a Way as to make the 
taper angle of side Wall surfaces of the cam groove as small 
as possible. 

[0016] To attain the above object, in accordance With an 
aspect of the invention, there is provided a lens barrel, Which 
comprises a cam tube having a cam groove formed on an 

inner circumferential side thereof, the cam groove having a 
?rst cam groove area over Which a lens unit slides When the 
lens barrel is used for photo-taking and a second cam groove 
area over Which the lens unit slides When the lens barrel is 
not used for photo-taking, Wherein a taper angle of a side 
Wall surface of the ?rst cam groove area differs from a taper 
angle of a side Wall surface of the second cam groove area. 

[0017] Further, in the lens barrel, the taper angle of the 
side Wall surface of the second cam groove area is larger 
than the taper angle of the side Wall surface of the ?rst cam 
groove area. 

[0018] Further, in the lens barrel, of both side Wall sur 
faces of the second cam groove area, a taper angle of one 
side Wall surface differs from a taper angle of the other side 
Wall surface. 

[0019] Further, in the lens barrel, the ?rst cam groove area 
is a cam groove for varying a focal length. 

[0020] Further, in the lens barrel, the second cam groove 
area is a cam groove for stoWing the lens unit in a camera 
body. 

[0021] Further, there is provided a camera comprising the 
above lens barrel. 

[0022] These and further objects and features of the inven 
tion Will become apparent from the folloWing detailed 
description of a preferred embodiment thereof taken in 
connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0023] FIG. 1 is an exploded perspective vieW shoWing a 
lens barrel using a cam tube according to an embodiment of 
the invention. 

[0024] 
[0025] FIG. 3 is a development vieW shoWing the inner 
circumferential side of the cam tube. 

[0026] FIGS. 4(A) and 4(B) are diagrams for explaining 
the state of engagement betWeen a cam groove formed in the 
cam tube and a cam pin provided on a rectilinear motion 
tube. 

FIG. 2 is a perspective vieW shoWing the cam tube. 

[0027] FIG. 5 is a diagram for explaining inner-diameter 
slide pieces for use in molding a conventional cam tube. 
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[0028] FIG. 6 is a diagram shoWing the arrangement of a 
lens barrel using a conventional cam tube. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] Hereinafter, a preferred embodiment of the inven 
tion Will be described in detail With reference to the draW 
ings. 

[0030] FIG. 1 shoWs in an exploded perspective vieW a 
lens barrel using a cam tube according to the embodiment of 
the invention. The lens barrel is adapted for cameras of 
varied kinds, such as a silver-halide camera, a digital cam 
era, a video camera, etc. HoWever, in the folloWing descrip 
tion, the lens barrel is assumed to be used for the silver 
halide camera. 

[0031] Referring to FIG. 1, a ?xed tube A is arranged to 
be secured to a camera body (not shoWn). A cam tube D is 
inscribed to the ?xed tube A and is arranged to be movable 
along an optical axis While rotating around the optical axis. 
A rectilinear motion tube E is inscribed to the cam tube D 
and is arranged to be movable along the optical axis Without 
rotating around the optical axis. Alens group (not shoWn) is 
disposed inside the rectilinear motion tube E. In the present 
embodiment, the lens barrel is of a tWo-step draWn-out type 
in Which the lens barrel expands and contracts With the cam 
tube D and the rectilinear motion tube B moving along the 
optical axis. 

[0032] A rotation preventing member B is integrally com 
bined With a rotation-preventing-member mounting member 
C and is incorporated into the cam tube D in a state of being 
rotatable relative to the cam tube D around the optical axis 
and having its movement in the optical axis direction 
restricted by the cam tube D. The rotation preventing 
member B is thus arranged to have its rotation prevented by 
the ?xed tube A and to move along the optical axis together 
With the cam tube D Without rotating around the optical axis. 

[0033] While the rotation preventing member B and the 
rotation-preventing-member mounting member C are 
formed separately from each other in the case of the present 
embodiment, they may be molded together in one body. 

[0034] The cam tube D rotates When a rotative driving 
force is applied from outside to a gear part D-3 Which is 
formed at the rear end on its outer circumferential side. In 
that instance, the cam tube D is driven to move along the 
optical axis by the engagement of the gear part D-3 and a 
helicoid D-4 Which is formed also at the rear end in an area 
Where the gear part D-3 is not formed With a helicoid A-1 
Which is provided on the inner side of the ?xed tube A. 

[0035] The rectilinear motion tube E is driven to move 
along the optical axis by the engagement of a ?rst-lens 
group pin P-1 Which is mounted on the outer circumferential 
side of the rectilinear motion tube E by press ?tting or the 
like With a ?rst-lens-group cam groove D-1 Which is formed 
on the inner circumferential side of the cam tube D, While 
being prevented from rotating around the optical axis by arm 
parts B-1 and B-2 formed on the rotation preventing member 
B. Further, While the ?rst-lens-group pin P-1 and the recti 
linear motion tube E are formed separately from each other 
in the case of the present embodiment, they may be molded 
together in one body. 
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[0036] A lens group holder G, Which contains therein a 
lens group (not shoWn), is driven to move along the optical 
axis by the engagement of a second-lens-group pin P-2 
Which is provided on the outer circumferential side of the 
lens group holder G With a second-lens-group cam groove 
D-2 Which is formed on the inner circumferential side of the 
cam tube D, While being prevented from rotating around the 
optical axis by the rectilinear motion tube E. The movement 
along the optical axis of the lens group holder G is made in 
such a Way as to perform a magni?cation varying action and 
a focusing action. Further, While the second-lens-group pin 
P-2 and the lens group holder G are formed separately from 
each other in the case of the present embodiment, they may 
be molded together in one body. Reference symbol F 
denotes a front cover arranged to cover the front end surface 
of the rectilinear motion tube E. 

[0037] FIG. 2 is a perspective vieW of the cam tube D as 
vieWed from the rear side of the optical axis (from the side 
of a ?lm surface). In FIG. 2, reference character D-1-a 
denotes a ?rst-lens-group-pin introducing part of the ?rst 
lens-group cam groove D-1 to be used for introducing the 
?rst-lens-group pin P-l into the ?rst-lens-group cam groove 
D-1 in assembling, and reference character D-2-a denotes a 
second-lens-group-pin introducing part of the second-lens 
group cam groove D-2 to be used for introducing the 
second-lens-group pin P-l into the second-lens-group cam 
groove D-2 in assembling. At the time of assembly, the lens 
groups are ?tted into the cam tube D through these intro 
ducing parts D-1-a and D-2-a. 

[0038] FIG. 3 is a development vieW shoWing the inner 
circumferential side of the cam tube D. The upper side of the 
cam tube D as vieWed in FIG. 3 is located on the side of the 
object to be photographed. In the case of the present 
embodiment, the invention is applied, by Way of example, to 
the ?rst-lens-group cam groove D-l. Each of the ?rst-lens 
group cam groove D-1 and the second-lens-group cam 
groove D-2 is composed of three grooves Which are formed 
120 degrees aWay from one another in the circumferential 
direction of the cam tube D. HoWever, the number of these 
groove parts is not limited to three. 

[0039] In FIG. 3, each of three areas D-CC indicated With 
hatching represents an inner Wall surface to be molded by 
the small slide piece D-C shoWn in FIG. 5. Other areas 
D-AA and D-BB represent inner Wall surfaces to be molded 
by the large slide pieces D-A and D-B shoWn in FIG. 5. 

[0040] The ?rst-lens-group cam groove D-1 has a photo 
taking cam area (a ?rst cam groove area) D-l-S in Which the 
rectilinear motion tube E is driven to move along the optical 
axis for varying the Zooming state (position) of the lens 
barrel betWeen a Wide-angle end and a telephoto end, and a 
non-photo-taking cam area (a second cam groove area) 
D-l-R including a draWing-in cam part D-l-Q in Which the 
rectilinear motion tube E is driven to move along the optical 
axis for expanding and contracting the lens barrel, relative to 
the camera body, betWeen the Wide-angle end and a draWn 
in end, and the above-mentioned ?rst-lens-group-pin intro 
ducing part D-l-a. 

[0041] MeanWhile, the second-lens-group cam groove 
D-2 has a photo-taking cam area (an area formed corre 
spondingly With the photo-taking cam area D-l-S of the 
?rst-lens-group cam groove D-1) in Which the lens group 
holder G is driven to move along the optical axis for varying 
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stepWise the Zooming state of the lens barrel betWeen the 
Wide-angle end and the telephoto end and, at the same time, 
for varying the focusing position of the lens barrel betWeen 
a nearest distance position and an in?nity distance position 
at each of Zoom positions arranged stepWise, and a non 
photo-taking cam area (an area formed correspondingly With 
the non-photo-taking cam area D-l-R of the ?rst-lens-group 
cam groove D-1) including a draWing-in cam part in Which 
the lens group holder G is held at the Wide-angle end 
position betWeen the Wide-angle end and the draWn-in end, 
and the above-mentioned second-lens-group-pin introduc 
ing part D-2-a. 

[0042] When the main sWitch of the camera is turned on 
by the user While the lens barrel is at a draWn-in position 
With respect to the camera body, the cam tube D receives a 
driving force of a motor (not shoWn). The cam tube D is thus 
caused to move forWard along the optical axis While rotating 
around the optical axis. The rectilinear motion tube E is then 
caused by the ?rst-lens-group cam groove D-1 to move up 
to a stand-by position (not shoWn) Which is set in the 
non-photo-taking cam area D-l-R immediately before the 
photo-taking cam area D-l-S. The lens group holder G is 
likeWise caused to move to a stand-by position by the 
second-lens-group cam groove D-2. Thus, the non-photo 
taking cam area D-l-R is a cam groove for causing the lens 
unit to move to a stoWed position With respect to the camera 
body or to move from the stoWed position to a photo-taking 
stand-by position. 
[0043] While the camera is in photo-taking operation, the 
rectilinear motion tube E and the lens group holder G are 
caused to be driven to move along the optical axis by the 
photo-taking cam areas of the cam grooves D-1 and D-2 for 
the magni?cation varying action or the focusing action. 

[0044] In the non-photo-taking cam area D-l-R of the 
?rst-lens-group cam groove D-l, there is included the draW 
ing-in cam part D-l-Q, Which has a lead larger than the lead 
of the photo-taking cam area D-l-S in the case of the present 
embodiment. In order to decrease the taper angle of the side 
Wall surfaces of the cam groove (i.e., to make the side Wall 
surfaces of the cam groove so tapered as to close With 
respect to the direction toWard the center line of the cam tube 
D), it is desirous to have the draWing-in cam part D-l-Q 
allocated in the middle part in the circumferential direction 
of the large slide piece. Such an allocation is, hoWever, 
impossible in many cases, because focusing accuracy might 
be affected by some mold parting line left after molding. 

[0045] The present embodiment is, therefore, arranged to 
make mold preparation possible by solving the abovestated 
problem as folloWs. The taper angle of a side Wall surface 
D-l-X that is one of the tWo side Wall surfaces of the 
draWing-in cam part D-l-Q, Which are required to increase 
the taper angle of the side Wall surfaces of the cam groove 
(i.e., to make the side Wall surfaces of the cam groove so 
tapered as to open With respect to the direction toWard the 
center line of the cam tube D) in vieW of mold preparation, 
is arranged to gradually become larger than the taper angle 
of the photo-taking cam area D-l-S from the side of the 
phototaking cam area D-l-S toWard the side of the ?rst 
lensgroup-pin introducing part D-1-a. 

[0046] FIG. 4(A) shoWs the state of engagement of the 
?rst-lens-group pin P-l With the photo-taking cam area 
D-l-S. The taper angle of each of the side Wall surfaces 
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D-1-S‘ on both sides of the photo-taking cam area D-1-S are 
set at 20 degrees With respect to the center line of the cam 
groove. In the photo-taking cam area D-1-S, the side Wall 
surfaces D-1-S‘ on both sides are approximately in tight 
contact With the outer circumferential surface of the ?rst 
lens-group pin P-1. 

[0047] FIG. 4(B) shoWs the state of engagement of the 
?rst-lens-group pin P-1 With the draWing-in cam part D-1-Q 
of the non-photo-taking cam area D-1-R. The taper angle of 
the side Wall surface D-1-X on one side of the draWing-in 
cam part D-1-Q is set at 30 degrees With respect to the center 
line of the cam groove, While the taper angle of the side Wall 
surface on the other side of the draWing-in cam part D-1-Q 
is set at 20 degrees. Incidentally, the above change in the 
taper angle of the draWing-in cam part D-1-Q of the non 
photo-taking cam area D-1-R is made With the groove 
bottom Width D-1-P of the draWing-in cam part D-1-Q 
arranged to be the same as the groove bottom Width D-1-P 
of the photo-taking cam area D-1-S. 

[0048] In the arrangement described above, there arises a 
clearance betWeen the ?rst-lens-group pin P-1 and the side 
Wall surface D-1-X on one side of the draWing-in cam part 
D-1-Q. HoWever, since the draWing-in cam part D-1-Q is a 
cam area Which the ?rst-lens-group pin P-1 engages only 
When the lens barrel is not used for photo-taking, the 
accuracy of focusing is never affected by this arrangement. 
Further, the above-stated taper angles of side Wall surfaces 
of the cam groove are shoWn only by Way of eXample. These 
angles may be changed to any other suitable angles. 

[0049] Further, in the present embodiment, in order to 
ensure that the ?rst-lens-group pin P-1 is accurately placed 
into the ?rst-lens-group cam groove D-1 at the time of 
assembly, the taper angle of the side Wall surface D-1-Y of 
a part connecting the draWing-in cam part D-1-Q to the 
?rst-lens-group-pin introducing part D-1-a is gradually 
decreased from the maXimum taper angle of the side Wall 
surface D-1-X of the draWing-in cam part D-1-a in such a 
Way that the taper angle of the side Wall surfaces of the 
?rst-lens-group-pin introducing part D-1-a become equal to 
the taper angle of the photo-taking cam area D-1-S (see FIG. 
4(A)). 
[0050] The embodiment described above is arranged to 
enlarge the taper angle of the side Wall surface of only the 
non-photo-taking cam area in the ?rst-lens-group cam 
groove D-1 for driving the rectilinear motion tube E Which 
is apt to receive external forces. The arrangement, hoWever, 
may be changed to likeWise enlarge the taper angle of the 
side Wall surface of the non-photo-taking cam area of the 
second-lens-group cam groove D-2 as Well. 

[0051] Further, in the case of the embodiment described 
above, the cam tube D is arranged to be molded With siX 
divided inner-diameter slide pieces. The invention is appli 
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cable, hoWever, also to a case Where the cam tube is molded 
With a different number of divided inner-diameter slide 
pieces instead of the siX divided pieces. 

[0052] According to the invention, as has been described 
above, the ?rst cam groove area Which is to be used in 
photo-taking is molded into a shape of having the side Wall 
surface tapered at a small angle, and the second cam groove 
area Which is to be used While the lens barrel is not used for 
photo-taking is molded into a shape of having the side Wall 
surface tapered at a large angle. The invention thus permits 
a cam tube to be prepared by molding Without changing the 
structure of the conventional mold and yet to be capable of 
ensuring adequate focusing accuracy and to effectively 
prevent component members of the lens barrel from being 
caused to come off the cam grooves by eXternal forces. 

[0053] Further, in a case Where an introducing part for 
introducing component members of the lens barrel into the 
cam groove is formed at a part of the second cam groove 
area on the side opposite to a part on the side of the ?rst cam 
groove area, the component members of the lens barrel can 
be reliably assembled into the cam groove by arranging the 
taper angle of the side Wall surfaces of the introducing part 
to be the same as the taper angle of the side Wall surfaces of 
the ?rst cam groove area. 

1. A lens barrel comprising: 

a cam tube having a cam groove formed on an inner 

circumferential side thereof, said cam groove having a 
?rst cam groove area over Which a lens unit slides When 
said lens barrel is used for photo-taking and a second 
cam groove area over Which said lens unit slides When 
said lens barrel is not used for photo-taking, 

Wherein a taper angle of a side Wall surface of said ?rst 
cam groove area differs from a taper angle of a side 
Wall surface of said second cam groove area. 

2. A lens barrel according to claim 1, Wherein the taper 
angle of the side Wall surface of said second cam groove area 
is larger than the taper angle of the side Wall surface of said 
?rst cam groove area. 

3. Alens barrel according to claim 2, Wherein, of both side 
Wall surfaces of said second cam groove area, a taper angle 
of one side Wall surface differs from a taper angle of the 
other side Wall surface. 

4. A lens barrel according to claim 1, Wherein said ?rst 
cam groove area is a cam groove for varying a focal length. 

5. A lens barrel according to claim 1, Wherein 1, Wherein 
said second cam groove area is a cam groove for stoWing 
said lens unit in a camera body. 

6. A camera comprising a lens barrel according to claim 
1. 


