
CAM MECHANISM OF LENS 5        The present invention relates to a cam
mechanism for moving, for example, a lens group, such as a focusing lens or
a zoom lens, in a photographing lens system. In a zoom lens camera, a cam
mechanism having a cam 10 ring  which  is  provided  in  a  lens  barrel
block  of  a photographing lens so as to rotate or linearly move in the
optical axis direction thereof and a cam follower which is fitted in a cam
groove formed in the cam ring and which is secured to a lens holder of a
zoom lens group is provided 15 to move the lens group (a variator and a
compensator) in accordance with the photographing mode (zooming). The cam
ring is usually provided on its inner peripheral surface with a spiral cam
groove. In case of a cam ring made of plastics or the like, having a cam
groove 20 integrally formed therewith, the cam groove is of outwardly
widened truncated cone (generally V or trapezoid shape) to provide a design
so as not to produce an undercut portion in the cam groove. The cam
follower has a truncated conical front end corresponding to the sectional
shape of the cam 25 groove. In the cam mechanism including the cam groove
and the cam follower, the cam follower can not be immovably secured to the
lens holder itself in the direction of the cam groove.  In practice,  to
fit the cam follower in the cam 30 groove without play,  the cam follower
is supported on the lens  holder  so  as  to move  in the direction of  the
cam groove, taking into consideration a possible change in shape of the cam
follower due to change in temperature and the friction between the cam
follower and the cam groove. 35 Furthermore,  the cam  follower is biased
to move into the 



cam groove by a spring, or the like.    -2- However,  in the mechanism
mentioned above, there is a possibility that the cam follower largely
projects from or comes out of the cam groove due to the spring force of the
biasing spring. Accordingly, upon assembly, the lens holder 5  must be
carefully attached to the cam ring to prevent the cam follower from coming
out of the cam groove,  which is however troublesome. To solve the problem,
it is also known to integrally form the cam follower with the lens holder
and provide a 10 spring force to the portion of the lens holder in which
the cam follower is provided. However, in this solution, it is very
difficult to realize an appropriate spring force, so that the spring force
is strong,  the cam ring can be easily deformed  or 15 broken. Furthermore,
even if an appropriate spring force is realized, it is difficult to place
the cam follower in the cam groove at an appropriate entrance position. 20
An   object  of  the  present  invention  is  to provide a cam mechanism of
a lens in which the cam follower is engaged and held by a biasing spring at
an appropriate spring force so as not to come out of the cam groove, and a
zoom lens attached to the lens holder is retained by the 25 biasing spring,
thus resulting in an easy assembly and a realization of an automatic
assembly. According to _ the present invention, there is provided a cam
mechanism of 



a lens having a cam 30 groove  having  a  conical  side  face,  formed  in
an  inner peripheral surface of a cam ring, and a cam follower which is
provided on a lens holder for holding a lens group and which is fitted in
the cam groove, so that the cam follower can be moved in an optical axis
direction by the movement 35 of the cam ring, wherein the improvement
comprises a spring means comprising leaf    spring members provided on the
lens holder to elastically support    3 the cam follower in the radial
direction of the cam ring each said leaf spring member comprising a slit in
which a neck portion.of said cam follower engages, and a mounting means
provided on the spring means for engaging with the cam follower in the
radial direction. With. this  arrangement,  since  the  cam  follower  is
connected to the lens holder, which preferably holds a lens group, through
the spring means, it is not necessary to grasp the cam follower upon
asssembly. Said cam follower may comprise a cam follower pin, having a
truncated conical portion corresponding to the conical cam groove.
Alternatively said cam follower may comprise a plurality of cam follower
pins, each having a truncated conical portion corresponding to the conical
cam groove. In either case the or each of said cam follower pins has a
shaft portion which is provided on its front end with said truncated
conicalportion and on its rear end with the neck portion and a tapered
terminal 



end connected to the neck portion.                     . The truncated
conical portions of the cam follower pins may be in the form of rollers
which are rotatably supported by the shaft portions. In which case the
holder comprises guide portions which movably guide the cam follower pins
in the radial directions. In this last arrangement each of said guide
portions may comprise a supporting post which extends in the radial
direction from the lens holder integral therewith , a flange portion which
projects  from the front end of the supporting post in  a    4 direction
parallel with the optical axis, and an insertion hole which is formed in
the flange portion,  so that the shaft portions of the associated cam
follower pins are inserted in the insertion holes to movably guide the cam
follower pins in the radial directions through the shaft portions of the
cam follower pins. The guide portions are preferably circumferentially
spaced from one another at a predetermined angular distance. The above
mentioned holder may comprise a cylindrical lens holding portion which
holds the lens group and which has holding members integral therewith for
holding said cam follower pins. In this arrangement a lens retainer maybe
mounted on to the lens holder to secure the lens group and have a spring
means for engaging with the rear ends of the cam follower pins which are
inserted in the insertion holes to elastically bias the same toward the cam
groove. The leaf spring members may extend in a direction across the
optical axis and each have at their front end an engaging 



neck portion which engages with the respective cam follower pin. The cam
follower pins of the invention may have neck portions at their rear  ends
which project outwardly from the associated insertion holes. The cam
follower pins may also have front ends which widen the slits of the leaf
spring members when the cam follower pins are inserted in the associated
insertion holes to a predetermined depth. The lens holder may have spring
keepers which are opposed to the insertion holes so as not to normally come
into contact with the front ends of the cam follower pins but so as to come
into contact with the leaf spring members when the neck portions of the cam
follower pins are fitted in the slits. An example of the present invention
will be described below in detail by way of illustration only with
reference to the accompanying drawings, in which: Figure 1 is a perspective
view of a cam mechanism of the present invention; Figure 2   is an enlarged
sectional view of a cam mechanism shown in Fig. 1, viewed from the
direction of an    arrow II in Fig. 1; Fig.  3 is a plan view of a spring
member which is deformed upon attachment of a cam follower; and, Figs.  4A,
4B,  4C  and  4D  are  sectional  views  for 5  showing the connecting
processes of the cam follower pin to 



a leaf spring, for the present invention. A cam ring 1 to which a
lens'holder 3 holding a lens 10 group 2 is attached is mounted to a lens
barrel (not shown) so as to rotate about an optical axis.   The cam ring 1
is provided on its inner periphery with spiral or helical cam grooves 4.
The cam ring 1 is made by for example plastic molding. The cam grooves 4
have an outwardly widened 15 trapezoid cross sectional shape, so that no
undercut is produced by molding dies upon molding.   The lens group 2 which
usually  consists  of  a  plurality  of  lenses  is represented by an
outermost lens in Fig. 1. The lens holder 3 has a cylindrical body which
holds 20 therein the lens group 2.  The lens holder 3 is provided on its
outer peripheral edge with three generally L-shaped holding members 6 which
hold cam follower pins 5, and three small positioning projections 8 which
hold a spring member 7. The respective holding members 6 and the small
projections 25 8 are circumferentially spaced from one another at an
angular distance of 120[err]. The lens holder 3 has at its front face three
claws 9 which are spaced from one another  at an angular distance of  120
to secure a lens retainer 7, so that the lens retainer 7 is pressed against
30 and secured to the lens holder 3 through the lens retainer 7. Each of
the holding members 6 has a supporting post 6a which extends in the radial
direction of the lens holder 3 and a flange 6b which projects from the
supporting post 35 6a  in a direction  parallel  with  the optical  axis.
The flanges 6b have radially extending guide (insertion)  holes   



16 in which the associated cam follower pins 5 are fitted so as to move
toward the cam groove 4.  The lens holder 3 and  the  holding  members  6
are  integrally  made  of  for example plastics material. 5        The
lens  retainer  7  has  an "O"  shaped lens retaining body 10, three
mounting members 12, each having a hole  11  in  which  the  associated
small  projection  8  is engaged,  and leaf spring portions  13 projecting
from the mounting members 12 along the circumference of the lens holder 10
3 and which bias the associated cam follower pins 5. The cam follower pins
5 are held and biased by the leaf spring portions 13.   The retainer 7 is
preferably made of plastic or a thin metal plate. The outer diameter of the
lens retaining body 10 is 15 such that it can be held by the claws 9 which
are located on  an imaginary circle.   The center opening 14 of the lens
retaining body  10 comes  into contact with the peripheral edge  of  the
lens  group  2.    The  retaining  body  10  is provided  on  its
periphery  with  three  retaining  spring 20 portions 15 located on the
peripheral edge  of the opening 14.   Each of the retaining spring portions
15 has a bent front  end,  so  that  it  has  an  elasticity.    Due  to
the elasticity,  the lens group 2 which is mounted  on the lens holder 3 is
pressed at the outer peripheral edge thereof 25 against  the lens holder 3,
so  that the lens group  2 is firmly and immovably held on the lens holder
3. The  leaf  spring  portions  13  project        from  the mounting
members 12,  which bias the associated cam follower pins 5, have slits or
grooves 17 at the front ends thereof, as 30 shown in Fig. 3.  The slits 17
have small holes 18 located 



directly below the cam follower pin insertion holes 16 of the holding
members 6. Each cam follower pin 5 has an outer roller portion 19, an
intermediate shaft portion 20 which rotatably supports the 35 roller
portion 19 and which is inserted in the associated insertion hole 16 of the
holding member 6, a neck portion    (peripheral groove) 22 formed at the
inner end of the shaft portion 20, and a truncated conical rear end 21
formed at the inner end of the neck portion 22. The roller portions 19 can
be integral with the shaft portions 20. 5        The roller portions 19 are
in the shape of truncated cones corresponding to the sectional shape of the
spiral cam groove 4.   The roller portions  19 have lower cylindrical
portions  which  are  fitted  in  the  associated  recesses  33 formed on
the outer surfaces of the holding members 6. 10       The shaft portions 20
have a diameter which is larger than that of the small holes 18 of the leaf
spring portions 13 and which is smaller than the lower cylindrical ends of
the  roller portions  19.   The  shaft portions  20 have  an axial length
so that when the cam follower pins 5 are 15 inserted in the insertion holes
16 of the holding members 6,  the  lower  ends  of  the  shaft  portions
20  slightly project  outward from the lower ends of the insertion holes 16
to come into contact with the circumferential edges of the small holes 18
of the leaf spring portions 13 thereby to 20 slightly and downwardly push
the leaf spring portions 13 of the mounting members 12. The front (inner)
ends 21 of the cam follower pins 5 



are in the shape of a double truncated cone having opposed truncated cones,
as shown in Figs. 2, 4A through 4D.   The 25 largest diameter of the front
ends 21 of the cam follower pins 5 is larger than that of the small holes
18 of the slits 17 of the leaf spring portions 13 and is such that .the
inner  ends 21 can be inserted in the insertion  holes 16.    The  diameter
of  the  neck  portions  22  of  the  cam 30 follower  pins  5  is
substantially  equal  to  or  slightly smaller than the diameter of the
small holes 18. For assembly the lens holder 3 is slidably supported along
and on a guide rod (not shown) provided in the lens barrel and extending in
parallel with the optical axis to move in the 35 optical  axis direction
without  rotating about the optical axis.    The  above  mentioned  various
components  (the  lens holder 3, the lens group 2, the lens retainer 7, the
cam follower pins 5, and the cam ring 1 etc.)  of the present  invention
are assembled as  follows  (see Figs.  4A 5  through 4D). An operator
inserts  the lens group 2 into the lens holder  3  from  the  front  face
thereof,  engages  the  lens retainer 7 in the claws 9 provided on the
front face of the lens holder 3 to secure the lens group 2 to the lens
holder 10 3, and engages the small projections,8 of the lens holder 3 in
the holes 11 of the mounting members 12.  In this state, the lens retaining
spring portions 15 of the lens retaining body 10 of the lens retainer 7
come into contact with the surface  of  the  lens  group  2 to press  the
lens  group  2 



15 against the lens holder 3.   The lens group 2 is retained and secured to
the lens holder by the lens retainer 7.  The leaf  spring  portions  13
are  located  in  gaps  23  defined between the flanges 6b and the lens
holder 3. Thereafter,  spring keepers 24 are located between the 20 leaf
spring portions  13 and the lens holder 3 to prevent the  leaf  spring
portions  13 from being deflected beyond a predetermined  position  thereof
toward  the  lens  holder  3. Thereafter,  the cam  follower pins  5 are
inserted  in  the insertion holes 16 with the front ends 21 thereof, so
that 25 the front terminal ends of the front ends 21 are brought into
contact with the peripheral edges of the small holes 18 of the slits 17, as
shown in Fig. 4A. The spring keepers 24 come into contact with the leaf
spring  portions  13  to  prevent  the  latter  from  being 30 deflected as
mentioned above,but  do not come into contact with the front ends 21 of the
cam follower pins 5 to permit the latter to move in the radial directions.
To this end, the spring keepers 24 are preferably         generally
U-shaped, so  that  no  material  of  the  spring  keepers  24  exists 35
immediately below the insertion holes 16, as can be seen in Fig. 1.  It is
also possible to form the spring keepers 24    10 integrally with the lens
holder 3.   In such an integral formation,  it  is  necessary  to  provide
a  space  (margin) which allows the cam follower pins 5 to move in the
radial directions without coming into contact with the leaf spring 5
portions  13  in  an  initial  position  in  which  the  cam 



follower pins 5 are mounted. After that, an operator pushes the roller
portions 19 of the cam follower pins 5 toward the insertion holes with his
or her finger or fingers.  As result, the small holes 10 18 (i.e. the leaf
spring portions 13) are pushed down by the front ends 21 of the cam
follower pins 5 until the leaf spring  portions  13  come  into  contact
with  the  upper surfaces  of  the  spring  keepers  24,  so that  the
inner elastic   deformation   (deflection)   of   the   leaf   spring 15
portions 13 is prevented by the spring keepers 24. A further downward
movement of the cam follower pins 5 causes the front ends 21 thereof to be
inserted in the small holes 18 while widening the peripheral edges of the
small holes 18 of the slits 17.   When the front ends 21 20 pass through
the associated small holes 18 until the neck portions  22 of the cam
follower pins  5 enter the small holes 18, the slits 17 and the small holes
18 thereof are elastically returned to their original position due to the
elastic   restoring   force  thereof  to  firmly  hold  the 25 associated
cam follower pins 5, as shown in Fig. 4C. When the neck portions 22 of the
cam follower pins 5 are fitted in the small holes 18, the operator releases
the finger(s)  from the roller portions 19.   Consequently,  the cam
follower pins 5 are engaged and held by the leaf spring 30 portions 13
which come into contact with the lower ends of the shaft portions 20 to
bias the roller portions 19 in a direction to project outward therefrom
(Fig. 4D). In this state, since the cam follower pins 5 are prevented from
coming out of the lens holder 3, the 35 operator removes the spring keepers
24 and then inserts the lens holder 3 in the cam ring 1.  When the roller
portions 



11 19 are fitted in the cam groove 4 of the cam ring 1,  the cam follower
pins 5 are slightly forced into the insertion holes  16  against  the
biasing  force  of  the  leaf  spring portions  13, so that the roller
portions 19 are biased to 5  thrust into the cam groove 4 by the leaf
spring portions 13.   Thus,  the  roller portions  19 are pressed  onto
and firmly held by the conical side face of the cam groove 4 (Fig. 2). As
can  be  understood  from  the  above  discussion, 10 with the present
invention, the cam follower pins 5 are elastically held in the cam groove 4
in such a way that the neck portions 22 of the cam follower pins 5 are
fitted in and held by the slits 17 (small holes 18) of the leaf spring
portions 13, thus resulting in a easy attachment of 15 the cam follower
pins 5. Furthermore, with the present invention, since the leaf spring
portions  13 are formed on the lens retainer 7 which is mounted to the lens
holder 3 to secure the lens group 2, the prevention of the cam follower
pins 5 20 from coming out of the cam groove 4 and the holding of the lens
group  can  be  effected  by   a   single  member,  thus resulting in a
decreased number of components and an easy and inexpensive assembly.
Although the above discussion has been directed to 25 one of the two lens
groups for performing the zooming operation, it can be equally applied to
the other lens group. Furthermore,  although  the  illustrated  embodiment
is 



directed  to a  zooming mechanism of a zoom lens,  the cam mechanism of the
present invention can be similarly applied 30 to a focus adjusting
mechanism. As can be seen from the foregoing,    with              the
present invention, since the cam follower pins are provided with the
engaging members which are engaged and held           by the  associated
engaging  portions  of  the  spring  members 35 mounted to the lens holder
to fit the cam follower pins in the cam groove of the cam ring,  the
retaining of the cam    follower pins, i.e. the prevention of the cam
follower pins disengagement from the cam groove and the biasing of the cam
follower pins with an appropriate spring force can be easily realized, thus
resulting in an easy assembly without paying 5     attention to the
disengagement of the cam follower pins from   the   cam   groove.   This
makes   it   possible   to automatically assemble the cam mechanism of the
invention. 10 15 20 25 30 35    * C    L    M    S CLAIMS 1 .    A cam
mechanism of a lens having a cam groove having a 



conical side face, formed in an inner peripheral surface of a cam ring, and
a cam follower which is provided on a holder and which is fitted in the cam
groove, so that the cam follower can be moved in an optical axis direction
by  the movement of the cam ring, wherein the improvement comprises: a
spring means comprising leaf spring members provided on said holder to
elastically support the cam follower in the radial direction of the cam
ring, each said leaf spring member comprising a slit in which a neck
portion of said cam follower engages; and a mounting means provided on the
spring means  for engaging with the cam follower in the radial direction.
2.     A cam mechanism according to claim 1, wherein said holder holds a
lens group. 3.     A cam mechanism according to claim 1 or 2, wherein said
cam follower comprises a cam follower pin, having a truncated conical
portion corresponding to the conical cam groove. 4.     A cam mechanism
according to claim 1 or 2, wherein said cam follower comprises a plurality
of cam follower pins, each having a truncated conical portion corresponding
to the conical cam groove.    14 5.     A cam mechanism according to claim
3 or 4, wherein the or each of said cam follower pins has a shaft portion
which is provided on its front end with said truncated conical portion and
on its rear end with the neck portion and a tapered terminal end connected
to the neck portion. 6.     A cam mechanism according to claim 5, wherein
said 



truncated conical portions of the cam follower pins are in the form of
rollers which are rotatably supported by the shaft portions. 7.     A cam
mechanism according to claim 6, wherein said holder comprises guide
portions which movable guide the cam follower pins in the radial
directions. 8.     A cam mechanism according to claim 7, wherein each of
said guide portions comprises a supporting post which extends in the radial
direction from the lens holder integral therewith, a flange portion which
projects from the front end of the supporting post in a direction parallel
with the optical axis, and an insertion hole which is formed in the flange
portion, so that the shaft portions of the associated cam follower pins are
inserted in the insertion holes to movably guide the cam follower pins  in
the radial directions through the shaft portions of the cam follower pins.
9.     A cam mechanism according to claim 7 or 8, wherein said guide
portions are circumferentially spaced from one another at    * C    L    M
S * 15 a predetermined angular distance. 10.    A cam mechanism according
to claim 4, wherein said holder comprises a cylindrical lens holding
portion which holds the lens group and which has holding members integral
therewith for holding said cam follower pins. 11.    A cam mechanism
according to claim 10, further comprising a lens retainer which is mounted
to the lens holder to secure the lens group and which has a spring means
for engaging with 



the rear ends of the cam follower pins which are inserted in the insertion
holes to elastically bias the same toward the cam groove. 12.    A cam
mechanism according to claim 11, wherein said leaf spring members extend in
a direction across the optical axis and each have at their front end an
engaging neck portion which engages with the respective cam follower pin.
13.    A cam mechanism according to claim 12, wherein said cam follower
pins have neck portions at their rear ends which project outwardly from the
associated insertion holes. 14.    A cam mechanism according to any
preceding claim wherein said cam follower pins have front ends which widen
the slits of the leaf spring members when the cam follower pins are
inserted in the associated insertion holes to a predetermined depth.    15.
A cam mechanism according to any preceding claim wherein said lens holder
has spring keepers which are opposed to the insertion holes so as not to
come into contact with the front ends of the cam follower pins but so as to
come into contact with the leaf spring members when the neck portions of
the cam follower pins are fitted in the slits. 16.    A   cam  mechanism
of   a   lens   substantially   as hereindescribed with reference to the
accompanying drawings.    


