
2237406 ZOOM LENS BARREL 5        The present invention relates to a zoom
lens barrel in a camera. A zoom lens usually has more than one group of
lenses (front and rear groups of lenses) which are moved in the 10 optical
axis direction for the zooming operation. A drive mechanism for the zoom
lens usually includes a rotatable cam ring which is provided with cam
grooves for the respective, lens groups, and cam pins which are provided on
the lens groups to be fitted in the associated cam 15 grooves so that the
cam pins move linearly. However, in such a conventional mechanism, since
each of the lens groups is engaged by the cam ring through two or three cam
pins at the most, the resistance to an external shock or impact  which  may
be  applied  to  the  lens  groups  is 20 insufficient. In particular, for
instance, when a shock is applied to the first (frontmost) lens group which
projects outwardly from the camera body due to an accidental drop of the
camera, there is a possibility that the associated cam pins of the first
lens group would be broken. 25        It is also known to provide a cam
ring with bottomed inner cam grooves.   In this known lens driving
mechanism, there is a possibility that light might leak from the inner
periphery of the cam ring. This requires a special, expensive light
intercepting mechanism. 30       To  solve  the problems  mentioned  above,
a zoom lens driving mechanism is also known in which only the first lens
group which tends to be subject to an external shock or impact is moved by
a helicoid rather than a combination of the cam pins and the cam grooves.
However, in the zoom 35 lens driving mechanism using the helicoid, since
the lens group(s) other than the first lens group are (is) moved by  



2 the separate cam ring, the number of components of the lens driving
mechanism increases, thus resulting in a heavier, more complicated and more
expensive camera. An object of the present invention is to provide a zoom
lens driving mechanism in which the first lens group, which tends to be
subject to external shocks or impacts, has high shock resistance, and in
which there are fewer components. Another object of the present invention
is to provide a zoom lens driving mechanism which has an enhanced light
intercepting effect. One of the most significant features of the present
invention resides in a single cam ring which has a threaded portion (lead
screw) for driving the first lens group and cam grooves for driving the
other lens groups(s). This results in fewer components, high resistance to
shock which is applied to the first lens group and an enhanced light
intercepting effect. According to the present invention there is provided a
zoom lens barrel having at least front and rear lens groups and a linear
movement guide means for guiding the front and rear lens groups in an
optical axis direction, comprising:- a rotatable cam ring which comprises a
first helicoid and at least one cam groove; a front lens barrel which
supports the front lens group and which has a second helicoid which is
engaged by the first helicoid of the cam ring; and,    a rear lens frame
which supports the rear lens group and which has at least one cam pin which
can be fitted in the associated cam groove of the cam ring; 



characterized in that said first helicoid has a plurality of spaced
threads, and wherein said at least one can groove is juxtaposed to said
threads, said at least one cam groove extending across the path of said at
least one of said threads and an area adjacent to said at least one thread.
The helicoid of the cam ring can be either a female helicoid formed on the
inner surface of the cam ring or a male helicoid formed on the outer
surface thereof. Thus, in a preferred embodiment said first helicoid of the
cam ring is in the form of a female helicoid formed on the inner periphery
of the cam ring and the second helicoid of the front lens barrel is in the
form of a male helicoid which is engaged by the female helicoid. The cam
ring may then be provided with  at least one continuous cam groove of a
predetermined shape and the female helicoid of the cam ring maybe at least
partially discontinuous not so as to interfere with the cam groove.
Alternatively, the first helicoid of the cam ring may be in the form of a
male helicoid formed on the outer periphery of the cam ring and the second
helicoid of the front lens barrel maybe in the form of a female helicoid
which is engaged by the male helicoid.    4 In case of a female helicoid,
it is possible to provide the helicoid at a position different from the cam
grooves in the optical axis direction of the cam ring, depending on a
factor such as a distance between the front and second lens groups, etc.
However, to reduce the length of the cam ring in the optical axis direction
while ensuring a sufficient support length of the portion of the first lens
group that is supported 



by the helicoid thereby, and to realize a compact camera, it is preferable
to first form predetermined profiles of continuous cam grooves on the cam
ring, and then to discontinuously form a helicoid so that at least a part
of the helicoid does not interfere with the cam grooves. The cam grooves
are preferably bottomed inner cam grooves which are formed in the inner
periphery of the cam ring so as not to decrease the light intercepting
effect by the helicoid. In another aspect of the invention said cam ring is
provided on its outer periphery or inner periphery with the first helicoid
and at least one projection which is located at a different position from
the first helicoid in the optical axis direction, wherein the projection is
located on an extension of any one of the threads of the helicoid. In such
an arrangement said projection has a shape which can be contained within
the profile of the associated helicoid thread. Alternatively  or
additionally a code plate can be attached to the outer periphery of the cam
ring, so that the    projection can be adapted to position of the code
plate. In an advantageous aspect of the invention said first helicoid is a
female helicoid, and said one cam groove is one inner cam groove having an
open end, said second helicoid of said front lens barrel is a male helicoid
which is engaged by the female helicoid of the cam ring, said arrangement
being further provided with an annular member which is inserted and engaged
in the open end of the inner cam groove of the cam ring; and, at least one
stop surface which is formed on the annular member to close the open end of
the inner cam pin and restrict one of the extremities of the movement of
the cam pin in opposite directions. The annular member may comprise at
least one stop rib 



portion which is fitted in the cam ring, said stop rib portion being
provided with said stop surface and an engaging hole, said cam ring being
provided on its inner periphery with a stop projection which can be fitted
in the engaging hole, said male helicoid of the front lens barrel being
positioned so that when the cam pin bears against the stop surface, the
male helicoid is located inside the stop ring portion of the annular
member. At least one of the helicoid threads or ever two helicoid threads
of one of the first and second helicoids of the cam ring and the front lens
barrel may be extended toward the beginning portion of the engagement of
the helicoids, the helicoid thread or threads corresponding to the extended
helicoid thread or    threads of the other helicoid being shortened from
the beginning portion of the engagement of the helicoids, so that when the
cam ring and the front lens barrel are relatively moved in the optical axis
direction at a specific angular position, said extended helicoid thread or
threads no not come into contact with the shortened helicoid thread or
threads but come into contact with the helicoid thread or threads adjacent
thereto. Preferably, there are three extended helicoid threads which are
provided at an equiangular distance on each of the cam ring and the front
lens barrel. In one inventive arrangement, stop members may be provided on
the first and second helicoids of the cam ring and the front lens barrel at
the beginning ends of the engagement thereof to engage with each other when
the helicoids are relatively rotated in the direction of disengagement,
said stop members being positioned so that the cam ring and the front lens
barrel can be engaged with each other at a specific angular position. The
stop members of the front lens barrel maybe in the form of a cam pin
provided on the rear lens frame which is made 



integral with the front lens barrel in the optical axis direction upon
assembly and wherein the stop member of the cam ring is in the form of a
wall which defines the inner cam groove. Another embodiment  of the
invention may comprise  a stationary lens barrel with which the cam ring
engages through another helicoid so as to rotate and move in the optical
axis    7 direction. In such  an arrangement the linear movement guide
means may comprise a first linear movement guide mechanism of the front
lens group, provided between the front lens barrel or a linearly movable
member guided by the stationary lens barrel, and a second linear movement
guide mechanism of the rear lens group, provided between the rear lens
frame supporting the rear lens group and the front lens barrel. Said first
linear movement guide mechanism of the front lens group may comprises a
linear movement guide ring which is restricted so as not to rotate and
which has at least  one linear key extending in parallel with the optical
axis, and at least one linear groove in which the linear key is fitted and
which is formed on a guide member integral with the front lens barrel. Said
second linear movement guide mechanism of the rear lens group may comprise
at least one linear groove formed in the guide member, and at least one
linear key which is provided on the rear lens frame to be fitted in the
linear groove and which extends in parallel with the optical axis. Said
guide member maybe formed with a shutter supporting frame which is secured
to the front lens barrel to support a shutter unit. In a further preferred
feature of the invention the linear 



movement guide member for guiding the linear movement of the front lens
barrel is provided with at leat one linear key    extending in parallel
with the optical axis, said front lens barrel being provided with at least
one linear groove in which the linear key can be fitted from the front end
thereof,  so that so that when the helicoids of the cam ring and the front
lens barrel are engaged with each other, the linear key is simultaneously
fitted in the linear groove. In such an arrangement said cam ring can
rotate upon assembly beyond an extremity end of a normal zooming section,
so that said linear key and linear groove can be engaged with each other at
the angular position of the cam ring upon assembly. In such an arrangement,
only one of a pair of walls defining the linear groove bears against the
linear key at the angular position of the cam ring upon assembly, whereby
both the walls defining the linear groove come into engagement with the
linear key when the cam ring is rotated toward the normal zooming section.
5 10 15 Examples of the invention will now be described below in detail
with reference to the accompanying drawings, in which:- Figure 1 is a
longitudinal sectional view of an upper 20 half of a zoom lens barrel,
embodying    a first aspect of the present invention; Fig.  2   is a
sectional view of a cam ring having a 



female helicoid and an inner cam groove, a male helicoid of a front lens
frame and a cam pin of a rear lens frame of 25 the zoom lens barrel shown
in Fig. 1;. Fig. 3 is a developed view of the cam ring shown in Fig. 1;
Fig. 4 is a longitudinal sectional view of an upper half of a zoom lens
barrel, embodying        a second aspect of 30 the present invention; Fig.
5 is a longitudinal sectional view of a zoom lens barrel, of which an upper
half shows a retracted position and a lower half shows a tele position, of
a third embodiment of the present invention; 35       Fig.  6 is a
sectional view of a cam ring having a female helicoid and an inner cam
groove, a male helicoid of    a front lens frame and a cam pin of a rear
lens frame of the zoom lens barrel shown in Fig. 5; Figs. 7, 8 and 9 are
exploded perspective views of various components of the zoom lens barrel
shown in Fig. 5; 5        Fig.  10 is an enlarged sectional view of a front
end portion of the cam ring of a zoom lens barrel shown in Fig. 5; Figs.
11A, llB, l1C, l1D and 1E are developed views showing how to assemble the
zoom lens barrel shown in Fig. 5; Fig.  12  is  a  perspective  view  of  a
positioning 10 mechanism of a code plate relative to a cam ring; Fig. 13 is
a developed view of the cam ring shown in Fig. 12; Fig. 14 is a view from
the direction of arrow XIV in Fig. 13; and, 15       Figs. 15 and 16 are a
perspective view and a sectional view of a known positioning mechanism of a
code plate relative to a cam ring. 



20       Figs.  1 through  3  show  a  zoom  lens  barrel  driving
mechanism which is applied to a lens shutter type of camera,   embodying
the present invention. In the illustrated embodiment, the zoom lens
includes a front lens group Ll and a rear lens group L2. Each of the 25
lens groups Ll and L2 consists of a plurality of lenses, which  are,
however,   represented  by  one  lens  in  the drawings. The front lens
group L1 is supported by a front lens support 18 which is engaged by a
shutter unit 16 through a 30 helicoid. The front lens frame 18 has a driven
pin 18a which is engaged by a drive pin 16a of the shutter unit 16. As is
well known, the shutter unit 16 rotates the drive pin 16a by an angular
displacement corresponding to a distance 35 signal of an object to be
taken,  which is detected by an object distance measuring device (not
shown). When the    drive pin 16a is driven, the rotation is transmitted to
the front  lens. frame  18  (front  lens  group L1),  so  that  the front
lens group  L1 moves  in the optical  axis direction while rotating to
complete the focusing.  The shutter unit 5  16 opens and closes shutter
blades 16b in accordance with the brightness (luminance) signal of the
object. The shutter unit 16 which supports the front lens group L1 is
secured to a shutter supporting frame 13c which is  secured  to  a  front
lens  barrel  13A  having  a  male 10 helicoid  13a.  A  rear  stationary
plate  30  secured  to  a camera body has a linear movement guide 31
integral therewith  which  extends  forwardly  in  parallel  with  the
optical axis 0. The linear movement guide 31 is fitted in a linear
movement  guide  hole  13s  formed  in  the  shutter 



15 supporting frame 13c and a linear movement guide hole 19s formed  in a
rear lens  frame  19A which supports  the rear lens group L2, so as to
restrict the movement direction of the front lens group L1 and the rear
lens group L2 in the optical axis direction 0. 20       A cam ring lOA
located  in an outer lens barrel  32 which is integral with the camera body
bears at its rear end face against a bottom of an annular groove 30a formed
in the rear stationary plate 30. The cam ring lOA is provided on its rear
outer periphery with an annular groove 25 lOr  in which  a plate  34  which
is  secured  to  the  rear stationary plate 30 by a screw is fitted to
prevent the cam ring 10A from moving in the optical axis direction. Thus
the  cam  ring 1OA  is  rotatably  supported  by  the  rear stationary
plate 30. The cam ring 1OA is provided on its 30 outer periphery with a
gear 35 integral therewith, which is in mesh with a pinion 37 of a zoom
motor 36. The cam ring lOA is provided on its inner periphery with inner
cam grooves lOc and a female helicoid lOb. The inner cam grooves lOc open
to the end face (upper end face 35 in Fig. 3) of the cam ring 1OA at one
end E thereof, as shown in Fig. 3. The female helicoid lOb of the cam ring
lOA is engaged by a peripheral male helicoid 13a which is formed on a rear
end of a front lens barrel  13A.  In the inner cam grooves  lOc are  fitted
cam pins  19a which are provided on the. rear lens frame 19A through the
open ends E 5 of the cam grooves l0c. The location of the female helicoid
lOb partially overlaps the inner cam grooves lOc. This is because the
helicoid lOb is discontinuously formed so as not to interfere with the cam
grooves lOc. Namely, there is no 



10 helicoid  tooth  on  the  cam  grooves.  One  of  the  most significant
features  of  the  present  invention  is  the formation of the inner cam
grooves lOc and the female helicoid lOb on the single cam ring lOA. Upon
forming the inner cam grooves lOc and the female helicoid lOb in such a 15
way that the locations thereof partially overlap each other, the inner cam
grooves lOc have a priority. Namely, the.continuous inner cam grooves lOc
are first formed, and the helicoid l0b is discontinuously formed so as not
to interfere  with  the  cam  grooves.  The  discontinuous  female 20
helicoid l0b does not cause any problem with the engagement with the male
helicoid 13a. The zoom lens barrel as constructed above operates as
follows. When the zoom motor 36 rotates, the pinion 37 and the 25 gear 35
which is in mesh with the pinion 37 causes the cam ring lOA to rotate. As a
result, the front lens barrel 13A which is guided to move in the optical
axis direction by the linear movement guide 31, and accordingly, the front
lens group L1 are moved in the optical axis direction 0 by 30 the
engagement of the female helicoid lOb of the cam ring lOA with the male
helicoid 13a. On the other hand, when the cam ring 1OA rotates, the rear
lens frame 19A which is guided to move in the optical axis  direction  by
the  linear  movement  guide  31,  and 35 accordingly the rear lens group
L2, are moved in the optical axis direction 0 by the engagement of the cam
pin 19a and    the inner cam groove lOc. The movement of the front lens
group L1 with respect to the angular displacement of the cam ring lOA is
linear in accordance with the helicoids lOb and 13a, whereas the 



5  Movement  of  the  rear  lens  group  L2  is  non-linear  in accordance
with the profile defined by the inner cam groove lOc.   Consequently,  the
front lens group L1 and the rear lens group  L2 move  in the optical  axis
direction with a predetermined   relationship   while   varying   the
spatial 10 distance therebetween to perform the  zooming. If a shock or a
strong external force is applied to the  front  lens barrel  13A which
projects  from  the outer lens barrel 32, the front lens barrel 13A has a
resistance large enough to bear the shock or the external force, since 15
the front lens barrel 13A and the cam ring 1OA engage with each  other
through  the  helicoids  lOb  and  13a  having  a substantially  larger
contact  surface  than  that  of  the roller in the prior art. Furthermore,
the helicoids l0b and 13a constitute  a reliable  light  intercepting
mechanism to 20 intercept light which would otherwise enter the lens
barrel. In Fig. 4, which shows a modification of Fig. 1, the male helicoid
lOb' is formed on the outer periphery of the cam ring  lOB.  The female
helicoid  13a'  is formed on the front  lens barrel  13B which holds  the
shutter  supporting 25 frame 13c secured thereto, so that the male helicoid
lOb' engages  with  the  female  helicoid  13a'.  The  front  lens barrel
13B is of a double tubular construction, so that the female  helicoid  13a'
can  be  formed  therein.  The  other components  in Fig.  4 are the same
as those in the first 30 embodiment shown in Fig.  1, and accordingly are
designated with the same reference numerals as those in Fig. 1. In this
modified embodiment, although the diameter of the lens barrel becomes
slightly larger than that of the first  embodiment  due  to  the  double
tubular  front  lens 35 barrel  13B,  the  same  technical  effect  and
operation  as those  in  the  first embodiment  can be obtained.  Also,  in



this modified embodiment, since the male helicoid lOb' and inner cam groove
lOc are formed on the  outer periphery and the inner periphery of the cam
ring lOB respectively, it is not necessary to make the male helicoid lOb'
discontinuous. 5        The  above  mentioned  embodiments  are  directed
to  a zoom  lens  having  a  cam  ring  1OA  or  lOB  which  rotates
without moving in the optical axis direction. Figs. 5 [err]9 show another
embodiment which is addressed to a zoom lens having a cam ring 10 which
moves in the optical axis 10 direction while rotating. In Figs. 5- 9, the
stationary lens barrel 11 integral with the camera body has a helicoid ring
12 secured thereto which  is  provided  with  a  female  helicoid  12a
which  is engaged by a male helicoid lOa formed on the outer 15 periphery
of the cam ring 10. The cam ring 10 is provided on its inner periphery with
a female helicoid lOb and inner cam grooves lOc.   The male helicoid 13a of
the front lens barrel 13 engages with the female helicoid lOb. The inner
cam grooves lOc open at their front ends into the end face 20 of the cam
ring 10. The linear movement guide plate 14 is provided on the rear end of
the cam ring 10 and has radially projecting projections 14a with axially
bent ends which are fitted in the axially extending linear movement guide
grooves 1la of the stationary lens barrel 11. A 25 linear movement guide
ring 15 is secured to the linear movement guide plate 14, so that the cam
ring 10 is rotatable relative to the linear movement guide ring 15. The
linear movement guide ring 15 which is restricted so as not to rotate is
provided on its inner periphery with a 30 plurality of linear keys 15a
which extend in a direction parallel with the optical axis and which have
open recesses at their front ends. In the illustrated embodiment, three
linear keys 15a which are spaced from one another at an 



equiangular distance are provided to define an imaginary 35 cylinder. A
shutter supporting frame (guide member) 13c to    which a rear end of an
annular shutter unit 16 is secured is secured to the front lens barrel 13.
The helicoid ring 17 which is formed on the inner periphery of the shutter
unit 16 is engaged by the front lens frame 18 which holds 5  the  front
lens group.  The shutter unit  16  itself  is the same as that shown in
Figs. 1 and 4. The annular shutter supporting frame 13c of the front lens
barrel 13 is provided on its periphery with three linear grooves 13d (which
will be referred to as front 10 linear grooves) for the front lens group,
spaced from one another at an equiangular distance, as shown in Figs. 8 and
9.  The  linear  keys  15a  are  slidably  fitted  in  the corresponding
linear grooves 13d, so that the shutter supporting frame 13c and
accordingly the front lens barrel 15 13 are linearly moved in the optical
axis  direction.  The shutter supporting frame 13c also has linear grooves
13e (which will be referred to as rear linear grooves) for the rear lens
group, located between the adjacent front linear grooves 13d. 20       The
rear lens frame 19 which supports  the rear lens group  L2 has  radially
projecting  cam pins  19a which are fitted in the associated cam grooves
lOc of the cam ring 10. The rear lens frame 19 has linear keys 19b which
are fitted in the rear linear grooves 13e of the shutter 25 supporting
frame 13c. The linear keys 19b extend in a direction  parallel  with  the
optical  axis  and  have  open recesses at their front ends,  similarly to
the linear keys 15a of the linear movement guide ring 15.   The linear keys



19b are spaced from one another at an equiangular distance 30 to define an
imaginary cylinder. Upon  assembly,  the  cam  pins  19a  of  the  rear
lens frame 19 are fitted in corresponding recesses 13b formed on the rear
end face of the front lens barrel 13. This makes it possible to insert the
cam pins 19a into the inner cam 35 grooves lOc from the front open ends
thereof when the male helicoid 13a of the front lens barrel 13 is engaged
by the    female  helicoid  l0b  of  the  cam  ring  10.    After  the
completion of assembly, when the cam ring 10 rotates,  the front  lens
barrel  13  and  the  rear  lens  frame  19  are independently  moved  in
the  optical  axis  direction  in 5  accordance with the profiles of the
helicoids lOb and 13a and the profile of the cam grooves lOc, respectively.
The zoom lens barrel as constructed above operates as follows. When the cam
ring 10 rotates,  the cam ring 10 moves 10 in the optical axis direction by
the engagement of the male helicoid lOa and the female helicoid 12a. At the
same time, the front lens barrel 13 (front lens group L1) is linearly moved
in the optical axis direction by the engagement of the female helicoid lOb
and the male helicoid 13a and the 15 linear movement guide mechanism of the
shutter supporting frame   13c   and   the   linear   movement   guide
ring   15. Furthermore,  the  rotation  of  the cam  ring  10 causes  the
rear  lens  frame 19  (rear lens  group L2)  to move  in the optical  axis
direction  to  carry  out  the  zooming  by  the 20 engagement of the cam
pins 19a of the rear lens frame 19 and the cam grooves lOc of the cam ring
10, and the linear movement guide mechanism of the rear lens frame 19 and
the linear movement guide ring 15. 



If shock or strong external force is applied to the 25 front lens barrel 13
which holds the front lens group L1, the front lens barrel 13 has a
resistance large enough to bear the shock or the external force, since the
front lens barrel 13 and the cam ring 10 engage with each other through the
helicoids 13a and lOb having a substantially 30 larger contact surface than
that of the roller in the prior art.  Furthermore,  the helicoids  lOb and
13a constitute  a reliable  light  intercepting  mechanism  to  intercept
light which would otherwise enter the lens barrel, similar to the
embodiments shown in Figs. 1 and 4. 35    Furthermore, with the embodiment
shown in Figs.   5[err] 9, an adverse influence on a focal point due to an
external force, for example an. external pressure in the optical axis
direction, applied to the front lens barrel 13 5  can be reduced. Namely,
when axial pressure is applied to the front lens barrel 13, the latter
tends to rotate, since the front lens barrel 13 engages with the cam ring.
As a result   of   this   tendency,   a   force   which   tends   to
circumferentially deform the linear keys 15a is applied to 10 the linear
keys 15a through the front linear grooves 13d. As a result,  if an elastic
deformation of the linear keys 15a  in  the  circumferential  direction
occurs,  the  axial position of the front lens barrel 13 which is guided by
the helicoid 13a changes. On the other hand, even if the linear 15 keys 15a
elastically deform, the rear lens group L2 rotates similarly to the front
lens group L1, thus resulting in the axial displacement of the rear lens
group L2 in the same direction as that of the  front  lens group L1,  since
the linear keys 19b of the rear lens frame 19  are fitted in the 



20 rear  linear  grooves  13e  of  the  shutter  supporting  frame 13c.
Namely,  only a very small change  (negligible change) in distance between
the front lens group L1 and the rear lens group L2 occurs. due to the
deformation of the linear keys 15a. Thus, an adverse influence on the focal
point can 25 be  minimized.  This  advantage  becomes  more  apparent  if
a comparison is made with a linear guide mechanism in which the rear lens
group L2 is independently guided of the front lens group L1. Namely,  in
such a linear guide mechanism, since no movement of the rear lens group L2
takes place, 30 there is a large change in distance between the front lens
. group L1 and the rear leans group L2. As can be seen from the foregoing,
with the above mentioned embodiment of the present invention,  since the
rear lens group is linearly moved relative to the front 35 lens group which
is linearly moved toward  the stationary lens barrel, even if the front
lens group is rotated by an    external force, the rotation can be
transmitted to the rear lens  group.    consequently,  a possi       change
in  spatial distance  between  the  front  and  rear  lens  groups  can  be
minimized,    thus   resulting   in   substantially   minimal 5 influence
on the focal point. The  following  discussion  will  be  directed  to  the
assembly of the zoom lens barrel  embodying    the present invention, with
reference to Fig. 10 and Figs. llA[err]11E. The helicoid lOb of the cam
ring 10 and the helicoid 10 13a of the front lens barrel 13 must be engaged
with each other to have a specific angular relationship to provide a
predetermined spatial distance between the front lens group L1 and the rear
lens group L2. Generally speaking, the helicoids (multiple threads) can be
engaged with each other 



15 at every 360[err] /N of angular distance, wherein N is the number of
threads. To make it possible to engage the helicoids at a specific
angular   position,   with the present invention, the helicoid lOc has an
extended helicoid thread 20 or extended helicoid threads l0b ([err] ) which
is or are formed by at least one of a plurality of threads or every two
threads thereof at the most. The extension of the thread(s) is formed on
the end face of the helicoid at the beginning portion   of   the
engagement   thereof.   Furthermore,   the 25 helicoid  13a has a shortened
helicoid thread or helicoid threads  13a(s)  corresponding  to  the
extended  helicoid thread or threads l0b([err]).  The  reduction  of  the
helicoid threads is formed on the end face of the helicoid at the beginning
portion of the engagement thereof. The extended 30 helicoid  threads
lOb([err]) are  positioned  in  such  a way that when a pair of helicoid
bodies are axially and relatively  moved  at  a  predetermined  specific
angular position, the extended helicoid threads lOb([err]) do not come into
engagement with the shortened helicoid threads 13a(s) 35 but come into
engagement with the helicoid threads l0b adjacent thereto.    In  the
illustrated   embodiment,   three   extended helicoid  threads  lOb  ([err]
)  and  three  shortened  helicoid threads 13a(s)   are provided at an
equiangular distance of 120 [err] to correspond to the inner cam grooves
lOc and the 5  cam pins 19a. Thus when the front lens barrel 13 and the cam
ring 10  are  relatively  rotated  after  the  former  is  pressed against
the cam ring 10 within an allowable limit of the length  (angle) A,  as
shown  in  Fig. 11A,  the  front  lens 



10 barrel 13 and the cam ring 10 are engaged with each other at a
predetermined specific angular position.  If there are no  extended
helicoid  threads  lOb  ([err]) and  no  shortened helicoid 13a(s), the
allowable limit for engaging the front lens  barrel  13 with  the  cam
ring  10  is not  the  length 15 (angle) A but the length (angle) a, as
shown in Fig. 11A. Furthermore,  in  the  present  invention,  to  make  it
possible to more easily engage the front lens barrel 13 and the cam  ring
10 at a specific  angular position,  the cam ring  10  is  provided,  on
its  inner  peripheral  end  face 20 adjacent  to the  beginning portion of
the engagement  with the front lens barrel 13, with stop surfaces 10d which
come into contact with stop members which are constituted by the cam pins
19a of the rear lens frame 19 integral with the front lens barrel 13 upon
assembly.   The stop surfaces 1Od 25 are formed by extension of one of the
walls of the inner cam grooves  loc.   The other walls  10e of the inner
cam grooves l0c define cam pin insertion grooves lOf of length (angle) B
between the walls and the stop surfaces 10d. The cam pins 19a and the stop
surfaces 1Od come into engagement 30 with  each other when  the  front
lens  barrel  13 which  is slightly inserted in the cam ring 10 is
relatively rotated in a direction opposite to the direction of engagement,
so that the front lens barrel 13 and the cam ring 10 can be engaged at a
specific angular position. 35       Namely,  upon assembly,  the cam pins
19a are located in the recesses 13b of the front lens barrel 13 to be
integral  therewith.  When  the  front  lens  barrel  13  is rotated in a
direction (arrow P in            11A) opposite to the  direction of
engagement  after  the  cam  pins  19a  are inserted in the cam pin
insertion grooves lOf of the cam 



5  ring  10,  the cam pins  19a come  into engagement with the stop
surfaces  lOd (Fig.  l1B).  This position of engagement corresponds to the
specific angular position in which the front lens barrel 13 is to be
engaged with the cam ring 10. The  front  lens  barrel  13  is  further
rotated  in  the 10 direction of an arrow 0 in accordance with the
helicoids lOc and 13a in Fig. 11B to complete the engagement. In the
illustrated embodiment, both the positioning using the stop surfaces lOd
and the cam pins 19a and the positioning using the extended helicoid
threads lOb([err]) and 15 the shortened helicoid threads 13a(s) are used.
Since there are three cam pins 19a, three stop surfaces lOd,three extended
helicoid  thread      lOb([err] )  and  three  shortened helicoid thread
13a(s) at an equiangular distance of 120[err] to prevent the front lens
barrel 13 and the cam ring 10 20 from inclining with respect to the optical
axis 0 upon assembly,  an easier positioning can be realized.   However, it
is  possible  to  use  only  one  of  the  positioning mechanisms
(positioning by the stop surfaces lOd and the cam pins 19a and positioning
by the extended helicoid threads 25 l0b and the shortened helicoid threads
13a). The cam ring 10, the front lens barrel 13 and the linear   movement
guide   ring   15   have   the   following interrelationship. The angular
displacement of the cam ring 10 is 30 restricted  by   an   angular
displacement    restricting projection lOp which is formed on the cam ring
10 to project  inwardly  in  the  radial  direction  and  an  annular
groove 15b of the linear movement guide ring 15 which restricts the angular
displacement of the projection lOp. 35 Figs. 11A  [err]l1C show an assembly
in which the angular displacement restricting projection lOp bears against
one   



end X of the annular groove  15b.  In this state,  the cam ring 10 is
rotated toward the TELE side beyond an TELE extremity of a normal  zooming
range.  The assembly of the linear movement guide ring 15, the front lens
barrel 13, 5  the cam ring 10 and the rear lens frame 19 is effected at the
position mentioned above. Note that the other end W of the annular groove
15b restricts  the angular displacement of  the  cam  ring  10  beyond  the
WIDE  extremity  at  the retracted position thereof. 10       Each of the
front linear grooves  13d of the shutter supporting  frame  13c  is
defined  by  a  pair  of  key projections 13f and 13g adjacent to each
other (Figs. llB 11D and Figs.  8 and 9). The key projections  13f and 13g
have  different  radial  lengths  in  the  direction  of  the 15 length of
the linear keys  15a.  This  is because when the front   lens  barrel   13
is  further  rotated  after  the completion of the engagement of the
helicoids shown in Fig. l1B, only the key projections 13f come into contact
with one side of the linear keys 15a, as shown in Fig. llC. The 20 other
key projections 13g come into contact with the other sides of the linear
keys 15a when  the cam ring 10 and the front lens barrel 13 are relatively
rotated to advance the front lens barrel 13 by a predetermined displacement
after the helicoid  lOb of the cam ring 10 is engaged with the 25 helicoid
13a of the front lens barrel 13 (Fig. l1D). In this embodiment, thus the
cam ring 10, the front lens barrel 13 and the linear movement guide ring 15
can be easily assembled. In case where the rear lens group is also guided
by 30 another inner cam groove provided on the cam ring 10, the inner cam
groove and the front inner cam grooves are provided on its entrance
portions with portions parallel with the optical axis, so that the front
lens barrel 13 can 



be inserted along the parallel portions in the optical axis 35 direction.
In this alternative,  the  radial  length of  the key projections  13f can
be the same as  that of the key    projections 13g. In the zoom lens barrel
embodying         the invention, as can be understood from the above
discussion,  the rear lens frame 19 can be simultaneously assembled.
Namely, upon 5 assembly, the cam pins 19a are inserted in enlarged grooves
lOf of width (angle) B formed by the opposite extended wall portions lOd
and lOe of the inner cam grooves lOc, as shown in Figs. 11A and l1B.
Thereafter, the front lens barrel 13 is rotated in the direction (arrow P
in Fig. 11A) opposite 10 to the direction of engagement until the cam pins
19a come into contact with the walls 1Od. After that, when the front lens
barrel 13 is rotated in the direction Q (direction of engagement),   the
key  projections   13f  of  the  shutter supporting frame 13c are brought
into contact with one side 15 of the linear keys 15a. A further rotation of
the cam ring 10 in the arrow R in accordance with the helicoids lOb and 13a
causes the front lens barrel 13 to engage with the cam ring 10 through the
helicoids, so that the cam pins 19a of the rear lens frame 19 are fitted in
the inner cam grooves 20 1Oc.  When  the  front  lens  barrel  13  is
advanced  by  the rotation of the cam ring 10, the key projections  13g
come into engagement with the linear keys 15a to complete the linear guide
of the front lens barrel  13 in the optical axis direction (Fig. 11D). As
mentioned above, when the cam 25 ring 10 is rotated after the front lens
barrel 13 is advanced by a predetermined displacement, the front lens
barrel  13  and  the  rear  lens  frame  19  are  independently moved in
the optical axis direction in accordance with the 



helicoids lOb and 13a and the cam grooves lOc to carry out 30 the zooming,
respectively. Upon the completion of assembly, a light intercepting ring 20
is inserted and engaged in the end face of the cam ring 10 in which the
inner cam grooves 1Oc open. The light intercepting  ring  20  which  is
made  of,  for  example, 35 synthetic resin has an annular body 20a which
comes into close contact with the front end surface of the cam ring 10
and stop rib portions 20b which axially and inwardly extend from the
annular body 20a, as shown in Figs. 5, 7, 10 and 11E. The stop rib portions
20b have engaging holes 20c and stop   surfaces   20d.   The  stop   rib
portions   20b  are 5  elastically deformable in the radial and inward
direction. The annular body 20a of the light intercepting ring 20 is
provided on its inner surface with a flock ring 21 having a flock 21a
adhered thereto,  as shown in Fig.  10. The flock 21a comes  into contact
with the front lens barrel  13 to 10 prevent harmful  light from entering
through a gap between the front lens barrel 13 and the cam ring 10. The cam
ring 10 is provided on its inner surface with stop projections lOg which
are fitted in the corresponding engaging  holes  20c.  The  stop
projections  10g have  front 15 oblique   surface  portions   lOh  and
stop   surfaces   lOi connected thereto,  so that when the stop rib
portions 20d are inserted in the cam ring 10, the stop rib portions 20b are
inwardly  and  elastically  deformed  by  the  oblique surface portions
lOh. As a result, the stop projections lOg 20 are fitted in the
corresponding engaging holes 20c due to the  elasticity  thereof,  so  that
the  stop  surfaces  lOi prevent the stop rib portions 20d from coming out
of the cam ring 10. In this state, the stop surfaces 20d close the 



open ends  of  the  inner cam grooves  lOc to  restrict  one 25 extremity
(TELE extremity)  of the displacement of the cam pins 19a. The male
helicoid 13a of the front lens barrel 13 is placed so that when the cam
pins 19a come into contact with the stop surfaces  20d,  the male  helicoid
13a  is  located 30 inside  the  stop  rib portions  20b  (Figs.  5 and
10).  The location  of  the  male  helicoid  13a  as  mentioned  above
contributes   to   a   prevention   of   a   possible   inward deformation
of  the  stop  rib  portions  20b  which  may  be caused when the cam pins
19a come  into contact with the 35 stop surfaces  20d,  thus resulting in a
prevention of the light intercepting ring 20 from coming out of the cam
ring    24 10. As mentioned  above, the cam pins 19a of the rear lens frame
19 can be mechanically prevented from coming out of the  inner  cam
grooves  lOc  of  the  cam  ring  10  by  the 5  insertion and engagement
of the light intercepting ring 20 into the open end of the cam ring 10.
Namely,  a possible detachment of the cam ring 10 can be prevented. Figs.
12 to 14 show a positioning mechanism of a code plate 22 with respect to
the cam ring 10. This mechanism is 10 applied to a cam ring 10 which has a
projection lot for positioning  the  code  plate  22.  The  improvement
shown  in Figs. 12 to 14 is addressed to a reduction of thickness of the
cam ring 10. Namely, in the above mentioned zoom lens barrel, the 15 code
plate 22 is secured to the outer periphery of the cam ring  10,  as shown
in Figs.  12 to 14. The code plate 22 comes into contact with a stationary
brush (not shown) to 



detect the angular position of the cam ring 10 thereby, to detect  the
focal  length  in  accordance  with  the  angular 20 position. The relative
positions of the code plate 22 and the cam ring 10 must be exactly
identical to each other. To this end, the code plate 22 has a positioning
hole 22a and the cam ring 10 has the positioning projection l0t which is
fitted in the positioning hole 22a.  The code plate 22 is 25 attached to
the outer periphery of the cam ring 10 so as not  to  interfere with  a
driving  gear  35A  formed on the outer periphery of the cam ring 10. The
positioning  projection  lot  is  located  on  an extension s of any one of
the helicoid threads of the male 30 helicoid lOa on the outer periphery of
the cam ring 10 to be within and belong to the profile of that helicoid
thread when viewed from the arrow XIV in Fig. 13 as shown in Fig. 14. This
ensures the engagement of the male helicoid  lOa  and  the  female
helicoid  12a  during  the 35 rotation  of  the  cam  ring  10,  since  the
positioning projection lot enters the root of the mating female    helicoid
12a,  as  shown  in Fig.  14.   Namely,  it  is not necessary to take the
height of the projection lot into account, besides the male helicoid 10a,
and accordingly the thickness of the cam ring 10 can be reduced. 5
Figs. 15 and 16 show a known cam ring 10' which has a positioning
projection  10t'  independently  of  the  male helicoid lOa. It is
necessary to provide the male helicoid lOa  outside  the  positioning
projection  lOt'  in order  to ensure the engagement of the male helicoid
lOa and female 10 helicoid 12a.   This results in an increase of thickness
of the cam ring 10'. In other words, the thickness of the cam ring 10 can
be reduced in spite of the provision of the 



positioning projection lot in the present invention. In the embodiment
illustrated  in Figs.  12 [err] 14,  the 15 male  helicoid  10a and the
positioning projection  lot are provided on the outer periphery of the cam
ring 10, but the present  invention can be  also  applied  to  a cam  ring
10 which is provided on its inner periphery with the helicoid and the
positioning projection. 20 25 30 35    26 CLAIMS 1.    A zoom lens barrel
having at least front and rear lens groups and a linear movement guide
means for guiding the front and rear lens groups in an optical axis
direction, comprising:- a rotatable cam ring which comprises a first
helicoid and at least one cam groove; a front lens barrel which supports
the front lens group and which has a second helicoid which is engaged by
the first helicoid of the cam ring; and, a rear lens frame which supports
the rear lens group and which has at least one cam pin which can be fitted
in the associated cam groove of the cam ring; characterized in that said
first helicoid has a plurality of spaced threads, and wherein said at least
one can groove is juxtaposed to said threads, said at least one cam groove
extending across the path of sold at least one of said threads and an area
adjacent to said at least one thread.   



27 2.   A zoom lens barrel according to claim 1, wherein said first
helicoid of the cam ring is in the form of a female helicoid formed on the
inner periphery of the cam ring  and  wherein  the  second  helicoid  of
the  front  lens barrel is in the form of a male helicoid which is engaged
by the female helicoid. 3.   A zoom lens barrel  according to claim 2,
wherein said cam ring is provided with at least one continuous cam groove
of a predetermined shape and wherein the female helicoid   of   the   cam
ring   is   at   least   partially discontinuous so as not to interfere
with the cam groove. 4.   A zoom lens barrel according to claim 1, wherein
said first helicoid of the cam ring is in the form of a male helicoid
formed on the outer periphery of the cam ring and wherein the second
helicoid of the front lens barrel is in the form of a female helicoid which
is engaged by the male helicoid. 5.   A zoom lens barrel according to any
preceding claim, wherein said cam groove is in the form of a bottomed inner
cam groove. 6.   A zoom lens barrel according to any preceding claim,
further comprising a stationary lens barrel with which the cam    ring
engages through another helicoid so as to rotate and move in the optical
axis direction. 7.   A zoom lens barrel according to claim 1, wherein said
cam ring is provided on its outer periphery or inner 5  periphery  with
the  first  helicoid  and  at  least  one projection which  is located  at
a different  position  from the first helicoid in the optical axis
direction, wherein 



the projection is located on an extension of any one of the threads of the
helicoid. 10       8. A zoom lens barrel according to claim 7, wherein said
projection has a shape which can be contained within the profile of the
associated helicoid thread. 9.   A zoom lens barrel according to claim 7,
further comprising a code plate which can be attached to the outer 15
periphery of the cam ring,  so that the projection can be adapted to
position the code plate. 10.   A zoom lens barrel according to claim 1,
wherein said first helicoid is a female helicoid, and said one cam groove
is one inner cam groove having an open end, said 20 second helicoid of said
front lens barrel is a male helicoid which is engaged by the female
helicoid of the cam ring, and further comprising: an annular member which
is  inserted and engaged  in the open end of the inner cam groove of the
cam ring; and, 25       at  least  one  stop  surface  which  is  formed
on  the annular member to close the open end of the inner cam pin and
restrict one of the extremities of the movement of the cam pin in opposite
directions. 11.  A zoom lens barrel according to claim 10, wherein 30 said
annular member comprises at least one stop rib portion which  is  fitted
in the  cam  ring,  said  stop  rib portion being provided with said stop
surface and an engaging hole, said cam ring being provided on its inner
periphery with a stop projection which can be fitted in the engaging hole,
35  said  male  helicoid  of  the  front  lens  barrel  being positioned so
that when the cam pin bears against the stop    surface, the male helicoid
is located inside tne stop rib portion of the annular member. 



12.   A zoom lens barrel according to claim 1, wherein at least one of the
helicoid threads or every two helicoid 5  threads of one of the first and
second helicoids of the cam ring and the front lens barrel  is or are
extended toward the beginning portion of the engagement of the helicoids,
the  helicoid  thread  or  threads  corresponding  to  the extended
helicoid thread or threads of the other helicoid 10 is  or  are  shortened
from  the  beginning  portion  of  the engagement of the helicoids,  so
that when the cam ring and the front lens barrel are relatively moved in
the optical axis  direction  at  a  specific  angular  position,   said
extended  helicoid  thread  or  threads  does  or do not  come 15 into
contact with the shortened helicoid or helicoids but come  into  contact
with  the  helicoid  thread  or  threads adjacent thereto. 13.  A zoom lens
barrel according to claim 12, wherein there  are  three  extended  helicoid
threads  which  are 20 provided at an equiangular distance on each of the
cam ring and the front lens barrel. 14.   A zoom lens barrel according to
claim 1, further comprising stop members on the first and second helicoids
of the cam ring and the front lens barrel at the beginning 25 ends of the
engagement  thereof  to engage with each other when the helicoids are
relatively rotated in the direction of  disengagement,  said  stop  members
being  positioned  so that the cam ring and the front lens barrel can be
engaged with each other at a specific angular position. 30      15.  A zoom
lens barrel according to claim 14, wherein the stop members of the front
lens barrel is in the form of a cam pin provided on the rear lens frame
which is made integral  with  the  front  lens  barrel  in  the optical
axis direction upon assembly and wherein the stop member of the 35 cam ring
is in the form of a wall which defines the inner cam groove. 



30 16.   A zoom lens barrel according to claim 6, wherein said linear
movement guide means comprises a first linear movement guide mechanism of
the front lens group, provided between  the  front  lens  barrel
supporting  the  front  lens 5  group and the stationary lens barrel or a
linearly movable member guided by the stationary lens barrel,  and a second
linear  movement  guide  mechanism  of  the  rear  lens  group, provided
between the rear lens frame supporting the rear lens group and the front
lens barrel. 10      17.  A zoom lens barrel according to claim 16, wherein
said first linear movement guide mechanism of the front lens group
comprises a linear movement guide ring which is restricted so as not to
rotate and which has at least one linear key extending in parallel with the
optical axis, and 15 at  least  one  linear  groove  in which  the  linear
key  is fitted and which is formed on a guide member integral with the
front lens barrel. 18.  A zoom lens barrel according to claim 17, wherein
said second linear movement guide mechanism of the rear 20 lens group
comprises at least one linear groove formed in the guide member, and at
least one linear key which is provided on the rear lens frame to be fitted
in the linear groove and which extends in parallel with the optical axis.
19.  A zoom lens barrel according to claim 18, wherein 25 said guide member
is composed of a shutter supporting frame which  is  secured  to  the
front  lens  barrel  to support  a shutter unit. 20.   A zoom lens barrel
according to claim 1, wherein the linear movement guide member for guiding
the linear 30 movement of the front lens barrel is provided with at least 



one linear key extending in parallel with the optical axis, said front lens
barrel being provided with at least one linear groove in which the linear
key can be fitted from the front end thereof, so that when the helicoids of
the 35 cam ring and the front lens barrel are engaged with each other,  the
linear  key  is  simultaneously  fitted  in  the    linear groove. 21.  A
zoom lens barrel according to claim 20, wherein said cam ring can rotate
upon assembly beyond an extremity end of a normal zooming section, so that
said linear key 5  and  linear groove can be engaged with each other at the
angular position of the cam ring upon assembly. 22. A zoom lens barrel
according to claim 21, wherein only one of a pair of walls defining the
linear groove bears against the linear key at the angular position of the
10 cam ring upon assembly, and wherein both the walls defining the linear
groove come into engagement with the linear key when  the  cam  ring  is
rotated  toward  the  normal  zooming section. 23.   A zoom lens barrel
having at least front and rear 15 lens groups and a linear movement guide
means for guiding the linear movement of the front and rear lens groups in
an optical axis direction according to claim 1 and substantially as herein
described with reference to Figures 1 to 14. 20 25 30 35    


