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The : present invention is directed to a zoom lens
barrel for use in a camera. The =zoom lens barrel is a
telescoping type =zoom lens barrel having a plurality of

telescoping barrels.

Recent zoom combact cameras are usﬁally provided with
a telescoping type éoom lens which includes one or more
te;escoping 'barrels_ which are concentrically arranged and
projected from and retracted into a camera body when the
camera is in use and not in use, respectively, for the
purpose of minimizing - the lehgth of the retracted zoom
lens.

Generally, it is quite .difficult to minimize the
length of the retracted zoom lens while realizing at the
same time a high wvariable magnificaéion ratio for the =zoom
.lens. For this reason, if | a high variable magnificétion
ratio fof the zoom lens is to be achieved, then it is
"difficult to keep the thickness of the camera body compact

and small.
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An object of the present invention is to.
provide a telescoping type =zoom lens barrel including a
plurality of telescoping barrels which are projected £rom
and retfécted into the camera body when the camera is in
use and not in use, respectively, and that is able to keép the
length of the retracted zoom lens compact and small whilst

realizing a high wvariable magnification ratio of the zoom

lens.

According to one aspeét of the present invention,

a zoom lens barrel 1is provided
having a plurality of lené groups which are moved with
respect to one another in a predetermined path. The zoom
lens ‘barrel comprises a driving barrel which rotates about
an optical axis of the plurality of lens groups, at least

three telescoping barrels which are moved in a direction of

. the optical axis by rotation of the driving barrel, wherein

each of the telescoping bérrels which is mounted on an
inner periphery of a .previous telescoping barrel of the
telescoping barrels travels a gfeafer distance in the
optical axis direction than the previous telescoping.
barrél, and a lens group driving .means for moving the
plurality of lens groups in the optical axis direction by
movement of the at least three telescoping barrels in the
optical axis direction.

With this structure, a minimization of the length of a
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refracted zoom lens thle realizing at the same time a high
variable magnification 'ratio forl the zoom 'lens can be
obtained by a telescoping mechanism including tﬁree or more
telescoping barrels.
According to another aspect of the present invention,

a. zoom Jlens barrel is prow}ided having a plural'ity of lens
groups which afe m.oved with respect to one "another in a
predetermined path. The zoom lens barrel comprises a

driving barrel which rotates about an optical axis of the

plurality of lens groups, at least two rotating telescoping

.barrels which are moved in a direction of the optical axi_s
while rotating about the optical axis by rotation of the
driving barrel, at least two 1linear movable te‘lescoping.
barrels which are moved in the optical axis direction while
nbt rotating. about the optical axis by rotation of the
driving Dbarrel, wherein. the at least .two. linear movable

telescoping barrels suppo_r't the plurality of 1lens groups

in a manner such that the at least two 1linear movable

telescoping barrels are movable in the optical axis
direction with respect to the at least two linear ‘movable
telescoping barrels, an inner-most telescoping barrel that
is. fitted inside one of the at 1least two rot:a.t:ing
telescoping barrels which is placed closest to the optical
axis among the at least two rotatiﬁg telescoping barrels,

wherein the inner-most telescoping barrel is moved in the
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optical axis direction by rotation of the one of the at
least two rotating telescoping barrels with respect
thereto, and a lens gfoup driving means for moving the
plurality of lens groups in the optical éxis direction by
movement of the at least two rotating telescoping barrels
in the optical axis direction.

According .to vet another aspect of the present
invention, a. zoom lens barrel is provided which comprises a
rotatable barrel, a first telescoping barrel which is moved
in an optical' axis_ direction by rotation of the rotatable
barrel, a second"_teles'coping barrel which is engaged
through a screw .thpead with the first telescoping barrel

and is moved in the optical axis direction when rotated,

at least two movable lens groups which are moved in the

optical axis directijon by a rotation of the second
telescoping barrel, and a rotation transmitting means for
transmitting rotation of the rotatable barfel to the second
telescoping barrel. | |
According to yet another aspect of the present

invention, a zoom lens barrel is provided which comprises a

" stationary barrel, a movable lens group including at least

front and rear 1lens groups, a first telescoping barrel

which moves in an optical axis direction with respect to

the stationary barrel, a second telescoping barrel which

‘moves in the optical axis direction with respect to the
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first telescoping barrel, and a front lens group supporting

barrel which moves 1in the optical axis direction. with

" respect to the second telescoping barrel, wherein the

movable lens group 1is supported by the front_ lens group
sﬁpporting barrel and the second telescoping barrel.

According to  yet another aspect of the present
invention, a zoom lens barrel is provided which comprises a
at least two rotatable telescoping barrels and twb linear
movable telescoping barrels which are. concentrically and
alternaéeiy arranged, wherein the ét least two rdtatable
telescoping barrels are each moved along an optical axis
while rotating about the optical axis "when rotation is
given thereto, wherein the at least two linear movable
telescoping barrels are each movable along the optical
axis and not rotatablg about the optical axis, and further
wherein each of the at least two linear movable telescoping
barrels is moved along the optical axis by rotafion of one
of the at 1least two rotatable telescoping barrels which ié
adjacent to the each of the at least ltwo linear movable
telescoping barrels, a rotation transmitting means which
transmits rotation of one 6f the at 1least two rotatable
telescoping barrels to anothef of the at leaét two

rotatable telescoping barrels, and a movable lens group

including at least a front 1lens group and a rear lens

'group, wherein the front and rear lens groups are supported
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by one of the at least two rotatable teléscoping barfels
which proj'ects most émong the at least two rotatable
telescoping bérrels and one 6f the at least‘ two llinear
mov_able telescoping barrelé which projects most among said
at least two linear movable telescoping barrels.

. According to yet another aspect of the present
invention, a zoom lens barrel is _prov’ided which comprises a
a firét .rotatable telescoping __barrel which moves in an
opti.cal axis direction when rotation is given thereto, a
first linear movable telescoping barrel which is ﬁoved in
the optical axis direction by rotation of the £first
rotatabie telescoping barrel, a. second rotatable
teléscoping barrel which moves in an optical axis direction
when rbtatioﬁ is given thereto, a second linear movable
telescoping barrel which supports the firsf rotatable
te;escoping barrel and is moved in the optical axis
direction by rotation of the second rotatable telescéping
barrel, a rotation transmitting means which transmits
rotation of the secéhd“ rotatable telescoping barrel to

the first rotatable telescoping barrel.

: Examples of the present invention will be described below: in

‘detail with reference to the accompanying drawings, in
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- which:-

Fig. 1A and 1B are half cross-sectional views of a
telescoping type zoom lens bartel_for a first embodiment of the
present invention. Fig. 1A shows a retracted state and Fig. 1B
shows a maximum extended state thereof, respectively;

Fig. 2 is an expanded portién of the stationary
barrel of the telescoping type zoom lens barrel shown in
Fig. 1, showing the relationship between the 1leading slot
and the 1linear guiding groove which are formed on the
stationary barrel;

Fig. 3 is an exploded isometric view of a
telescoping type zoom lens barrel for a second embodiment..
of the present inventiop;

.Fig. 4 is an éxylodea isometric view of a reér portion
of the telescoping type zoom lens barrel shown in Fig. 3;

Fig. 5 is an exploded isometric view of a middle
portion of the telescoping type zoom lens barrel shown in
Fig. 3;

Fig. 6 1is an exploded isometric view of a £front

portion of the telescoping type zoom lens baxrrel shown in

Fig. 3;

F;gu 7 is an isometric view of the primary part of a
driving mechanism for the telescoping type =zoom lens
barrel of the second embodiment of the present

-_
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invention;

Fig. 8 is an isometric view of a shaft, gears and pinions
of a driving mechanism, showing the state of the engagementl
thereof;

Fig. 9 is a half cross sectional view of the telescoping-
type zoom lens barrel of the second embodiment of thé present
inveﬁtion showing the retracted state thereof,;

Fig. 10 is a half cross sectional view of the telescoping
type zoom iens barrel of the second embodiment of the present
invention showing the most extended state.thereof;

Fig. 11 is a half cross sectional view of a telescoping
type zoom lens barrel for a third embodiment of the present
invention showing the most extended state thereof;

Fig. 12 is a half cross sectional view of a telescoping
type zoom lens barrel of the third embodiment of the pfesent
invention showing the retractéd state thereof; and

Fig. 13 is a half cross sectional view of a telescoping
type zoom lens 'barrel for a fourth embodiment of the present

invention showing the most extended state thereof.
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Figs; 1 and 2 show a telescoping type zoom lens barrel
for a first embodiment of the present invention.

A stationary barrel 111 is fixed to a stationary portion of

‘a camera body (not showh). The stationary barrel 111 is

formed integrally to an aperture plate 112 at the rear end

‘thereof. The aperture plate 112 has four linear -rails;

inner.j guiding rails 112a and 112c and outer guiding rails
112b and 1124 at the upper and lower portions thereof_,
respectively, for guiding a photographing f£ilm (not shown).
A linear guiding groove llla which extends parallel to an
optical axis O is formed on the innér periphery of the
stationary barrel 111. A leading slot ltllb is formed on the
stationary barrel 111. '_l‘he leading slot 111b is formed as a
linear sllot as shown in Fig. 2 which inclines with respect
to both the optical axis direction O and a circumferential
direction of the stationary barrel 111.

A driving barrel 115 1is slidably attached to'the
outside of the stationary barrel 111. The driving barrel
115 has a éircumferential groove 115a on its rear portion.
A restriction ring 116 which is fixed to the aperture. plate
112 is held agalinst the circumferential groove 115a. With

this structure, the driving barrel 115 is able to rotate

"about” the optical axis O but the movement of the driving.
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barrel 115 in the .optlcal axis direction 1is prevented ﬁy
the restriction r-i'nq 1J)6. A rotation transmitting groove
115b which extends ﬁarallel to the optical axis O is férmed
on the 1inner periphery of the driving barrel 115. A sector
gear 117 is formed on the onter periphery of the driving

barrel 115. A pinion 118 which is rotated by a motor 119 is

engaged with the sector gear 117.

A third telescoping barrel 120 is slidably fitted inside the
_stationery barrel 111. A rotation transmitting pin 120a is

fixed to the outer periphery of the third teléscoping barrel 120.

The rotation transmitting pin 120a passes through the leading
slot 111b and fits into the rotation transmitting groove
115b. With this struclure, when the driving barrel 115

roltates, this rotation Is transmitted to the third

telescoping barrel 120 through the rotation transmitting
groove 115b and the votatlon transmitting pin 120a, thus
the third telescoping barrel 120 moves in Ehe optical axis
direction whlle rotating in accordance with the profile of
the leading slot 11Jb. A rotation transmitting groove 120b
which extends parallel to the -optical axis O |is formed\ on
the inner periphery of the third telescoping barrel 120.

A first linear moving member 122 1s slidably fitte.d

inside the third telescoping barrel 120. An inner f£lange

120c is formed at the rear end of the third telescoping

barrel 120. The inner flange 120c is held between a rear

_—
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portion of the first linear moving member.122 and a linear
guiding member 122¢c fixed to the first linear moving
member  122. With this structure, the fifst linear moving
member .122 is relafively rotatable with respect to the
third telescoping barrel 120 and movable together with the
third telescoping barrei 120 in the optical axis direction
0. The linear guiding member 122¢ runs along the 1linear
guiding- groove 11la of the stationary barrel 111.
Therefore, when the third telescoping barrel 120 moves ;n
the optical axis direction O while rotating, the first
linear. moving mgmber 122 moves together with the third
telescoping barrel 120 in the optical axis direction O
without rotating but with a relative rotation with respect
to the third teleécoping barrel 120. A linear guiding
groove l122a which extends parallel to the optical axis O is

formed on the inner periphery of the first linear moving

- member 122. A leading slot 122b is formed on the first

linear moving member 122. The leading slot 122b is formed
as a linear slot whic-:h inclines with respect tb both the
optical ax;s direction O and a circumferential direction
of the first linear moving member 122.

A second telescoping barrel (i.e., second inner.-most
telescoping barrel or cam ring) 124 is slidably fitte_:d
inside the first linear moving member 122. The mechahical

structure between the Ffirst linear moving member 122 and
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the second telescoping barrel 124 is basically the same as
that petween' the stationary barrel 111 and the third
telescoping barrelh 120. Namely, a rotation transmitting lpin
124a, which passes through the 1leading slot 122b of the
first linear moving member 122, is fitted in the
rétation.. transmitting groove 120b of the third telescoping
barrel 120, and-is fixed'to the second telescoping baffel 124.
With this structure, when the third telescoping barrel 120
is rotated, this rotation 1is transmittéd to the second
telescoping 5arre1 124 through the rotation transmitting
groove 120b and the rotation transmitting pin 124a, thus
the second telescoping barrel 124 moves in the optical ;xis
direction O while rotating. in accofdance with the profile
of the leading groove 122b.

A second linear _moving member 126 is slidably fitted
ihside the second telescoping barrel 124. The mechanical
‘structure between the second linear moving. member 126 anad
the second telesc&pihg barrel 124 is basicaily the same as
that between . the first linear moving member 122 and the
third telescoping barrel 120. Namely, an inner flange 124b
is formed at the rear end of the second telescoping barrel
124 and is_ firmly held. between thé rear portion 6f the
second 1linear moving member 126 and the linear guiding
member. 126a fixed to the second linear moving member 126.

‘With this structure, the second linear moving member 126 is

-
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relativei& rotatable with respect to the second telescoping
barrel 124 and movable together with the second telescoping
barrel 124 in the optical axis direction O. The Ilinear
guiding member 126a runs along the linear guiding groove
122a of the first_ linear moving member 122. Theréfore, wheﬁ
the second telescoping barrel _124 moves: in. the opt:icai axis
direction O while rotating, the second linear moving membelr
126 moves together with the sec;)nd telescoping barrel 124
in the optical axis direction O without rotating but with
a relative rotation wiéh respect to the second telescoping

barrel 124.

Cam grooves 128 and 129 fér moving front and* rear lens
groups L1 and L2 in the optical axis direction O in a
predetermined relationship, respectively, are formed on tﬁe
inner periphery of the second telescoping barrel 124. A cam_
pin 132 is fitted in the cam groove 128. The cam pin 132 i.s
fixéd to a supporting frame 131 which 'supports an
ahnular-shaped shutter block 130 immovable with respect to
the supporting frame 131. A cam pin 134 is fitted in the
cam groove 129. The .cam pin 134 is fixed to a supporting
frame 133 which supports_ the rear lens group L2. The second
linear moving member 126 supports the supporting frémes 131
and 133 in a manner such that the supporting frames 131 and
133 are not rotatable but movable only in the optical ~axis

direction O. The cam grooves 128 and 129 together with the
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composite movement'of the rotational movement of the second
telescoping barrel 124 and'the lipeaf movement of the first
linear moving member 122 and the second linear moving
member.126 give the front and rear lens groups L1 and L2 a
predetermined path whereby the focal length is
continuously varied. |

The inner periphery of the shutter block 130 meshes
with the outer periphery of a .lens supporting frame_ 135
through helicoids 136. A lever 135a which is fixed to the
lens supporting frame 135, is engaged with ‘a lens driving
pin 130a of the shutter block 130. The lens driving pin
130a is driven to rotate 'by a predetermined amount in
accordance with an objéct distance whereby the lens
supporting frame 135, i.e., the front lens éroup L1, is
moved in the optical axis direction O through .the
.helicoids 136 for focusing. The shutter block 130 iﬁcludes
shutter Dblades 13bb which- afe opened and closed in
accordance with the brightness of the object being
photographed.

A first telescoping' barrel (i.e., | inner-most
telescoping barrel) 140_in which the front 1lens group L1 is
mounted, is fixed to the supporting frame 131. The first
telescoping barrel 140 is pfovided at the front end with a
lens pfotection mechanism 141. The 1lens protection

méchanism 141 has a plurality of blades which are opened so

-
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as to expose a photographing aperture 140a and closed to
cover the same.

Numerals 144, 145, and 146 designate light
interceptin-g members which are provided between the
.stationary barrel 111 and the third telescoping barrel 120,
between the third telescoping barrel 120 and the second
telescoping barrel 124, and between the second telescoping

barrel 124 and the first telescoping barrel 140,

respectively, for preventing stray light from entering the
interior of the lens barrel. Numeral 150 designates a cover

which is integral with a camera body (not shown).

The te‘lesco;_)ing type zoom lens barrel of -the .
fir.st embodiment of the present invention is actuaf_ed. as
follows. When the zoom lens barrel is retracted, as shown
in the half cross sectional view of Fig. 1A, the rotation
of the pinion 118 by the motor 119 in the forward direction
causes the. driving barrel 115 to- rotate. This rotation of
the driving Dbarrel 115 causes the third and second
telescoping barrels 120 and 124 to move forward in the
.optical axis direction O while rotatﬁing by the same
rotational angle as _tha{: of the driving barrel 115, through
fhe engagement of the rotation transmitting groove 115b and_

the rotation transmitting pin 120a and the engagement of
the rotation transmitting groove 120b and the 'rotation

transmitting pin 124a. Since the rotation transmitting pin
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120a which is fixed to the third teleséoping barrel 120 is
fitted in the 1leading slot 111b, the_third tel't.ascoping.
barrel 120 moves in the optical axis direction O while
rotating in accérdance with the profile of the lead'ing slot
111b. This movemént of the third telescoping barrel 120 in
the optical axis direction b'is transmitted to the fif:st
linear moving member 122 whose rotational movement is

prevented.

When the rotation of the third telescoping barrel 120_
is transmitted to the second teleséoping barrel 124, the
second telescoping barrel 124 moves in the optical axis
direction O while rotating in- accordance with the profile
of the leading slot 122b. This movement of the second
telescoping barrel 124 in the optical axis direction 0 |is
transmitted to the second linear moving member 126 whose
rotational movement is prevented. The second linear moving
member 126 guides the supporting frames 131 and 133, that
is, the front and rear lens groups L1 and L2 movable only
.in the optical axis direction O, and the_ positions of the
supporting frames 131 and 133 in the optical axis direction
O are determined by the cam grooves 128 and '129-, which are
formed on the " inner p'eriphe.ry of the second teleécoping
barrel 124. Consequently, the front and rear lens groups Ll
and L2 are moved in the optical axis direction O in a

‘predetermined relationship to effect zooming by the
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composite movement of the linear movement of the first and
second iinear moving members 122 and 126 and the .rotational
movement df the second telescoping barrel 124 including the
cam grooves 128 and 129.

The half cross sectional view of Fig. 1B shows the

position of the =zoom lens barrel of the first embc-adiment
in which the front and rear lens groups .Ll and L2 are fully
exfended, by the above-explained actions.:As can be seen in
Fig. 1B, the zoom extensioﬁ is significantly larger in the
fully extende.d position when compared with the fully
ref:racted position. The shortest focal 1length at which a
picture can be taken_ exists in a state of the zoom lens
barrel between the state shown in Fig. 1A and the position
shown in Fig. IB.. A picture can be taken, namely, a
focusing and exposing operation can be effected at any
focal length between the above-noted shoftest focal 1length
and thé longest focal length which the zoom lens barrel of.
Fig. 1B has. When the zoom lens barrel is in the state
shown in the half cross sectional view of Fig.1B, the
rotation of the pinioﬁ 118 by the motor 119 in the reverse

direction causes the =zoom lens barrel to be brought into

the state shown in the half cross sectional view of Fig. 1A,
that is, the retracted state, by following the steps of actions

mentioned above in an opposite way.

Although the telescoping type zoom 1lens barrel of the
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first embodiment is a type of zoom lens barrel having three
telescoping barrel, i.e., the first, second, ahd third
teléscoping barrel 140, 124, and 120, the number of
telescoping barrels may be more than three by adoptin§ the
same mechanical structure that this zoom lens barrel has.
The easiest way to incréase the number of telescoping
barrels is to increase the.number of 120 type and 122 type
elements used together.

Moreover, althoqgh the telescoping_ type zoom lens
"barrel of the first embodiment is a type of zoom lens
barrel which has a zooming optical system consisting of
front and rear lens groups, ‘the present invention may be
applied to a telescoping £ype zoom lens barrel which has a
zooming 6ptica1 system consisting of more than two lens
groups.

Furthermore, although the supporting frame 131, to
which the first telescoping barrel 140 is fixed, is movéd
with respect to the second telescoping barrel 124 in the

optical axis direction O. by a cam mechanism including the

* This Sheet Has Been Repla

T



THIS SHEET HAS BEEN
REPLACED

19
cam groove. 128 and the cam pin 132, instead of the cam
mechanism, the supporting frame 131 may be moved with
reséect to the second téleséoping barrel 124 by using a
helicbid'meéhanism therebetween.

Figs. 3 _through 10 -show a telescoping type zoom lens
barrel having three telescoping barrels-for a
second embodiment of the present invention. A zoom lens
optical system of this second embodiment consists of a
first iens group Ll'énd a second lens group L2. The firsf
lens groﬁﬁ L1 is a lens group for focusing. Namely, the
fi?st lens group L1 mers in the optical axis direction O
with respect to the second leﬁs group L2 éo bring-the zoom
' lehs optical system into an in-focus state.

A stationary bar:el 11 which is fixed to a camera body
(not shown) includes an inner barrel 1la, an outer barrel
11b, and a connecting wall 1llc which connects the rear end
of the inner barrel 1lla with the rear end of the outer
barrel 11b. A fotatable barrel (i.e., driving barrel) 12 is
rotatably placed bétWeen fhe inner and outer barrels_lla
and ilb. A linear guiding slot 1lle which extends éarallel
to tﬁe'optical axis O is formed on the inner barrel 1lla.

A gear portion 12a thch extends in a cdrcumfefential
direction of the rotatable barrel 12 is formed on the outer
periphery of the rotatable barrel 12. A xninﬁte-pitch male

"screw portion 12b is formed on the outer periphery of the
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rotatable barrel 12 at the front end thereof. A leading

groove 12c¢ which inclines with respect ko a circumferential

directioh of the iolatable baurel 12 and an inner gear 12d
which extends pﬁrallel to the leading groove l12¢c are:
Formed on the fnnnoy pef!phery of the rotatable barrel 12.

A supporting ring 13 is fixed to fhe front: ends ofﬁthe
inner and outer barrels 1la and 1lb. The supporting ring
13 includes an énungjng portion 13a which comeslle contact
with the inner heriphery oF the ouler barrel 11lb, a female

screw portion 13b which 1is engaged with the male screw

portion 12h, and a contacting portion 13c which comes in

contact with the outer periphery of the inner barrel 1la.
The supporting ring 13 is Dblased toward the stationary
barrel 11 by a biasing member (not shown), so .that the
- position of the supporting ring 13 with respect to the
stationary barrel ]i }s maintained. A gear portion 13d is
formed on a partt of the outer péripheral edge of the
supporting ring 13. The strength of the station;fy barrel
11, specifically that of the front end théreof, is
increased by the supporting ring 13.

A slot 11d is formed.in the outer barrel 11b through which
a pinion 11f is engaged with the gear portion 12a. A slot (not
shown) is formed in the inner barrel 1lla through which a pin 14b
passes to fit in the leading groove 12c and through which a

pinion 30 is engaged with the inner gear 12d.
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A third -",.t:élescoping 'bar.rel 14 which moves in the
optical axis direétion 0 is fitted inside the inner barrel
11a. A guiding projection 14a, which is inserted into the
lineaf guidiﬁg sldt lleyis formed on the outer periphery
of the third telescoping barrel 14. The pin 14b which is
inserted into the leading .groove 12c. is formed on the
guiding projeétion l14a. A female helic.oid l4c and a linear

guiding groove 14d, which extends parallel to. the optical

axis 6. are formed on the inner periphery of the third
telescoping barrel 14.. With this structiure, when .the
rotatable barrel 12 is rotated, . the third telescoping

barrel 14 1is moved in the optical axis direction O while
not rotating in accordance with the linear guiding slot
lle and the'leading groove l2c.

A second .telescﬁping barrel (i.e., second inner-most
.telescobing barrel ot cam ring) 15 1is engaged through. a
screw thread. with the third telescoping barrel .14.- The
second telescoping bafrel 15 is moved in the optical axis
direction 0 by the rotation with respect to the third
telescoping barrel 14. .A male helicoid 15a which meshes with
the female helicoid 14c of the third telescoping barrel 14 is
formed on the second--telescoping barrel 15 on the outer
periphery at a reér portion thereof. A linear guiding member
16 is placed in tﬁe seéond télescoping barrel 15. A gear

-
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supporting linear éuiding plate 17 is fixed to the rear end
of the linear 'gﬁiding_ member 16 .by screws 19. The second
teléscoping barrel 15 is brovidgd with an inner flange 15b
which is held between tﬁe'linear guiding member 16 and the
-linear guiding plate 17 in a rotatable manner with'reSpeét
to the linear guiding member 16 and the linear .guiding
plate' 17. A linear moving key 17a, formed on the linear
.guiding plate 17, is fitted into the linear guiding_ groove
144 of tﬁe third telescoping barrel 14. With this.
structure, the second. telescopiﬁg_ barrel 15 is rotataﬁle
with respect to the third telescoping barrel 14 and the
rotation of the linear guiding member 16 and the linear
guiding piate 17 with respect to the third telescoping
.barrel 14 is prevented. Accordingly, when rotated, Fhe
second telescéping barrel 15 is moved in the"optical axis
direction O while rotating by the function of the ﬁale and
female helicoids 15a and 14c while the 1linear guiding
member 16 and .the iinear guiding plate 17 move ltogether
with the second_ telescoping barrel 15 in the optical axis
direction O without rotating.

Linear moving keys 16b whiph extend para11e1. to  the
opticél axié O are formed on the linear guiding member.16.
Linear moving keys 18a thch extend parallel to the optical

axis O are formed on a front lens group guiding member 18.

The lineaf moving keys 18a are slidably engaged with the
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linear moving keys 16b-iﬂ the opticai axis direction O A
shutter block 20 ‘is fixed to the front lens group guiding
member 1.8 by screws 21. The shutter block 20 is fixed to a
first telescoping barrel (i.e., inner-most telescoping
barrel or £front lens érﬁup supperting barrel) 22. Hence,
the shutter 'block 20 .and the first telescoping barrel '22
afe not rotatable but movable in the optical axis direction
0.

The shutter block 20 is provided on the inner
periphery thereof with a female helicoid 20a which meshes_
with a male-helicoid'23a formed on the ouﬁer periphery of a
front lens group supporting frame 23 supporting the first
lens group Ll. As |is Qell—known, in accordance with an
object distance information obtained from an object
distance measuring device (not shown), the shutter block 20
drives the front lens group supporting frame 23 to rotate
through a driving pin 20b of the shutter block 20 and an
engaging projectioh 23b fixed to the front 1lens group
supporting frame 23 so :“'as to move the front lens group Ll
through the male and female helicoids 23a aﬁd 20a for
focusing. A male helitpid 22a, which is engaged with a
female helicoid 15¢ of_thé second telescoping barrel-ls, is
formed on the outer periphery at the rear end of the'first
felescoping barrel 22, The shutter block 20 is provided

‘with shutter blades 20c which are opened and closed in
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accordance with the brightness of an object beiﬁg
photographed, this informat_ioh being obtained from ‘;:1
photometering device (not shown). Driving signals are given
to the shutter block 20 through a flexible printed circuit board
- 204.

Rear lens group Quiding slots 18b are formed on the
£ront lens group'guiding member 18. The rear lens group L2
is fixed to. a rear lens group supporting frame 24. The rear
lens group supporting frame l24 is provided with lihear keys
24a which are fitted into their respectivé rear lens group
guiding slots 18b. A cam pin 24b is formed on each of the
linear keys 24a.

The femaie helicoid -15¢, which is engaged with the male
helicoid 22a and ‘cam grooves 15@ in which the respective
cam pins 24b are fitted, are formed on the inner periphery
of the second t:elesco'pJ':ng barrel 15 in a manner such that
the cam grooves 154 are formed on the female ‘helicoid 15¢c.
When the telescoping barrel of this embodiment is
assembled, the cam pins 24b are first fitted in grooves 22b
which are formed on the rear end of the first telescoping
barrel 22, Thereafter, the cam pins 24b are fitted in the
respective cam grooves 15d and the male..helicoid 22a is
engaged with the femaie' helicoid 15c. In this state of
engagement, when the second telescoping barrel 15 rotates,
the first telescoping barrel. 22 together with the front

e
Sheet Has Been Reﬁaced

R



THIS SHEET HAS BEEN
25 REPLACED

lens group L1 is moved .in the optical axis direction O by
the functions of the male and female helicoids 22a and 15¢
and of the linear moving keys 16b and 18a while the rear
lens group supporting frame 24 together with rear lens
group L2 is moved in the optical axis direction O with
respecE to the front lens group L1 by the functions of _t:he
cam'grooves' 154 and the cam pins 24b and of the linear
moving keys 24a and the rear lens group guiding slots 18b,
thereby to effect zooming. |

A driving mechanism which gives rotation to the second
telescoping barrel. 15 will be explained below. Basicallly,
this driving mechanism transmits rotation of the rotatable
barrel 12 to the second telescoping Dbarrel 15. Gear
supporting plates 26 and 27 are fixed to a rear portion of
the third telescoping barrel 14 by screws 29. The gear
supporting plate 26 supports a pinion (i.e., first pinion)
30 which is eﬁg-aged with the inner gear (i.e., first inner
gear) 124 of th'e rotatable ba;:rel 12 in a ;otatable manner.
The pinion 30 is placed in a recess l4e which is formed on
the rear end of the third te_lesccping barrel 14.. A part of
the tooth portion of the pinion 30 projects out of the

outer periphery of' the third telescoping barrel 14. Since

_the inner gear 12d of the rotatable barrel 12 is formed in

a manner such that the inner gear 12d is parallel to the

‘leading groove 12c, the engagement of the pinion 30 with
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the inner gear 12d° is maintained even when the third
_telescﬁping barrel 14 is moved in the optical axis
direction O by the rotation of the rotatable barrel 1.2. A
gear train 31 that receives rotation from the pinion 30 is
supported between the gear supporting plates 26 and 27. A
final gear 3la of the gear train 31 |is fixed' on a rear
portion of a rotation transmittin§ shaft 3é extending
parallel to the optiéal. axis 0. The rotation transmitting
shaft 32 has an uniform non -circular-shaped cross sectioh
throughout its length.

A pinion (i.e., second pinion) 33 which is slidaﬁle on
the rotation transmitting 'shaft 32 and rotatable together
with the rotation transrﬁitting shaft 32 is supported by
the linear guiding plate 17 with the pinion 33 immovable in
the optical axis direction with respect to the 1linear
guiding plate 17. Thus, the pinion 33 moves together with
the 1linear guiding plate 17 and the second telescoping
barrel 15 in the optical axis direction O. The pinion 33 is
engaged with an inner gear (i.e., second irmer gear) 15e
formed on the inner peripher§ bf the second telescoéing
barrel 15. Accordingly, the rotation of the rotatable
barrel .12 is transmi.tted to the second telescopiﬂg barrel

15 through a rotation transmitting mechanism 48 which |
includes the inner gear 124, pihion 30, gear train 31,

rotation transmitting shaft 32, pinion 33, and inner gear
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15e, no matter where the third telescoping barrel 14 |is
locéted in the optical axis direction O.

In the -telescoping type. zoém lens barrel of this
second embodiment, it caﬁ be seen from the foregbing that
the rotation of the rotatable barrél 12 causes the third
telescoping barrel 14 to move in the optical axis direction
0] aﬁd the second telescoping barrel 15 fp rotate. This.
rotation of- the second telescoping barrél 15 causes the
front and rear.lens groups L1 and L? to move in the optical
axis direction'C) while varying the distance therebetween in
a predeterminedlrelationship'thereby to effect zooming.

Figs. 11 and 12 show a telescoping type zoom lens
barrel having four telescobing barrels for a
third embodiment of the present invention. In this third
embodiment, the parts or hembers which are the same as
those in thé second embodiment .are designated by . the same
reference numerals. In addition, the first, second, and third
telescoping barrels 22, 15, and 14 including the associated
members thereof are the same as those in the second
embodiment.

A stationary barrg-l 52 is fixed to a camera body 10.
A female he;icoid 52a ‘and a linear quiding groove'52b which

is parallel to the optical axis O are formed on the inner
periphery of the stationary barrel 52. A driving gear 50

" including a plurality of pinions 50a and a shaft 51 is

—_—
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plaéed parallel to the optical axis O and is supported on
the stationary barrel 52. The plurality of pinions 50a
each have the same shape and are fixed on the shaft 51 at
equal intervals. The shaft 51 is rotatably supported by the
stationa.ry barrel 52. Prédetermined éortions of the
'pll'xrality'of pinions 50a are placed inéide- the stationé;ry
barrel 52 through a slot (not shown) which is formed in.the
stétionary barrel 52 and extends parallel to the optical
axis O.

A fourth telescoping barrel (i.e., second rotatable
telescoping barrel) 73 is placed in the stationary barrel
52. When rotated, the fourth telescoping barrel 73 moves in
the optical axis direction O. The fourth telescoping barrel
73 is provided at a rear circumferential portion thereof
with a male helicoid 73f and an outer gear 73e. The male
helicoid 73f and the outer gear 73e mesh with the female
helicoid " 52a and the driving gear 50, respectively.' Each
tooth of the male helicoid 73f 1nclinés with respect to a
circumferential direction of the stationary barrel 52. The
outer gear 73e is formed in a manner such that the outer
gear 73e inclines with respectt to a circumferential
direction of the stationary barrel 52 and extends pa-rallel
to the teeth of the méle helicoid 73£, in order to be
engaged with the plurality of pinions 50a '1n a proper

manner when the fourth telescoping barrel 73 moves in the

i
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optical axis directioﬁ 0. 'I'hé fourth telescobing'barrel 73
is  further provided on the inner periphery thereof with a
leading groove 73c and an inner gear 73d, which are similar
to the leading groove 12c and the inner gear 12d of the
second embodiment. The 1leading groove 73c inclines with
respect to a circumferential direction of tﬁe foﬁrth
telescoping barrel 73. The inner gear 73d is formed
parallel to the leading groove 73c.

.The fourth telescoping barrei 73 is provided on the
inner periphery thereof with a linear guiding member 44
having a linear guiding slot (not shown). A linear guiding
plate 53 is fixed to the rear end of the linear guiding
member 44 by screws (not shown) wiéh a flange 73g held
between the rear end of the linear guiding member 44 and
the linear guiding plate 53. The linear guiding plate 53
has a key portion 53a extending parallel to the optical
axis O. The key portio'n 53a is fitted into the 1linear
guiding groove 52b. With this construction, the fourth
telescoping barrel 73 1is zrotatable with respect to the
stationary barrel 52, and the rotation of the linear
guiding members 44 and 53 with respect to stationary barrel
52 is prevented. Thus, ._!:uhen rotated, the fourth teleécopiné
bar;el 73 is moved in the optical axis direction O by the
rotation of the male and_ female helicoids 73f and 52a while

"the linear guiding member 44 and the linear guiding plate
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53 move together with the fourth telescoping barrel 73 in
the optical axis direction O but do not rotate.

The third telescoping barrel (i.e., second linear
movable telescoping barrel) 14 is fitted insAde the fourth
telescoping barrel 73. The third telescoping barrel 14 is
moved in the optical axié direction O by the rotation of
the fourth telescoping barrel 73. The pin 14b passes
through the above-noted linear guiding slot (not shown)

formed on the linear guiding member 44 and is fitted in the

leading groove 73c.

In the telescoping type zoom lens barrel of this
third embodiment, when the driving gear 50 is rotated by a
motor (not shown), ‘the fourth  telescoping barrel 73 is
moved in the'optical-axis direction O while rotating. Then,
the third telescoping barrel 14 is moved in the optical
axis direction O while not rotating by means of the pin 14b
gdided by ghe leading groove 73c and the above—notéd linear
guiding slot (iiot shown) of the linear guiding membexr 44.
At this time, the second telescoping barrel (i.e., £first
rotatable telescoping barrel) 15 is rotated by the rotation
of the fourth telescoping barrel 73 and is moved in the
optical axis direction O 'by the rotation of the ﬁale and
female helicoids 15a and l4c. At the same time, the first
telescoping barrel (i.e., first linear movable telescoping

barrel) 22 is moved in the optical axis direction O while
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not rotating by the  funcbtion of the male and female

helficoids 22a and 15 and the funclion of the linear moving

keys 16b and 18a. The Ffirst lens group L1 is moved Logether

with the first telescoping barrel 22 in the optical axis
c'ii.rv(‘l'inn 0O while: 1he second lens gqronp L2 s mﬂvpdl in the
optical axis direction O while not 1otating by the
function. of the Iinnar m(ﬁing keys 24a and the linear
moving keys 16b and the function of the cam pins 24b and
the cam grooves 15Jd. Accordingly, lhe front and rear lens

groups LI and L2 can maove in the opttcal axls dlrectlon O

while varying the distance therebeflween in a predetermined

relationship to effecl zooming.

Fig. 13 shows a telescoping type =zoom lens barrel

having five telescoping barrels, for the fourth
embodiment of the present invention. In this fourth
embodiment, the parts or.i members which are the same as
those in the second and third embodh.lments are designated by
the same referenc;e pumerals.  In addition, the first, second,
third telescoping barrels 22, 15, and 14 including the
assoclated members Lher.eor: are Lhe same as those in the
second or third embodiment. A Fourlth lLelescoping barrel 73'
in this fourth embod_i_ment is the same as the four.\:h
telescoping barre)_ 73 of the third embodiment except that

an inner gear 73g is formed on the inner periphery at the

rear end of the fourlth telescoping barrel 73' in place of

;\“;—E
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the outer gear 73e of the fourth telescoping barrel 73.

In the fourth embodiment, a stationary barrel 67 fixed
to the camera body 10 is provided in place o0f the
~ stationary barrel 52 of the third embodiment. Moreover, a
rotatable barrel (i.e., driving barrel) 69 is provided
inside the stationary barrel 67..in a mannexr such that the
movement oF the rotatable .lbarrel 69 in the optical axis
direction O 1is prevented. Furthgrmore, a fifth telescoping
barrel (i.e., third linear moving barrel) 60 is provided
which is supported by the rotatable barrel 69. The fourth
telescoping barrel 73' is engaged through a screw thread
with the fifth telescoping i)arrel 60. The structure of the
stationary Dbarrel 67, rotatable barrel 69 , and fifth
telescoping barrel 60 is similar to .that of th_e stationary
barrel 11, rotatable barrel 12, and third telescoping
barrel 14 of the second embodiment.

The male helicoid 73f of the fourth telescoping bafrel
73' meshes 'Qith a8 female helicoid 60a which is formed on
tﬁe inﬁer periphery of the £ifth telescoping' barrel 60.
The key portion 53a of the linear guiding plate 53 is
fitted in a linear guiding groove (not shown) formed on the
inner periphery of the fi_fth telescoping barrel 60. .Thus,
the fourth telescoping barrel 73' is rotatable with respect
to tﬁe fifth telescoping barrel 60 and the rotation of the
linear .guiding member 44 and the linear guiding plate 53

\\\
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with respect to the fifth telescoping barrel 60 is
p?evented. - Accordingiy, when rotated, the fourth
telescoping bérrel 73" _is moved in the opticai axis
direction O while rotating by the function of the male and
female helicoids 73E 'and 60a while the linear guiding
member 44 and the Iinear guiding plate 53 move togefher
with-the fourth telescoping barrel 73' in the optical axis
directioh O while not rotating. A pin 60b, which passes
through a 1linear guiding slot 67e and is fitted in a
leading groove 69c, is fixed to the outer periphery of the
£ifth telescop@ng barrel 60.

The stationary barrel 67 1pcludes an inner barrel 67a,
an outer _barrel 67b, &d@and a ‘connecting wall 67c which
connects the rear end of the inner barrel 67a with the rear
end of .the outer barrel 67b. The rotatable barrel 69 is
rotatably placed between the outer and inner barrels 67a
and 67b. The above-noted 1linear guiding slot 67e which
extends parallel to the optical axis O is formed'in the
innef’ barrel 67a. A gear portion 69a which extends in a
circumferential direction of the rotatable bariel 69 is
férmed on the outer periphery of the rotatable barrel 69. A
minute~pitch male screw portion 69b is formed on the outer
periphery of the rbtatable_ barrel 69 at the front end
thereof. The above-noted leading groove 69c which inclines

with respect 'to a circumferential 'direction - of the
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-rotatable barrel 69 and an inner gear 69d which extends
parallel to the leading groove 69c are formed on the inner
periphery of the rotatable.barrel 69.

A supporting ring 70 is fixed to the front ends of the
inner and outer barrels 67a and 67b. The supporting ring 70
is similar to the suppqrting ring 13 of the second:
embodiment. The supporting ring 70 includes an engaging
portion 7Qa which comes in contact.with the inner periphery
of the outer barrel 67b, a female screw portion 70b which
is engaged with the male screw pbrtion 69b,. and a
contacting portion 70c¢ which cémes in contact with the
outer periphery of the inner barrel 67a. The .supporting
ring -70 is biased toward the stationary barrel 67 by a
biasing member (not 'shown), so that the position of the
supporting ring 70 with respect to the statiohary barrel 67
is maintained. A slot. {(not shown) through which a pinion
{not sho_wn) is engaged with the gear portion 69a i_s formed
in the outer' barrel 67b._ A slot (not shown), through which
the pin 60b passes to fit inlthé leading groove 69c and
through which a pinion.66 is engaged with the inner gear
ng,is formed on thé inner barrel 67a.

A driving mechanism which gives rotation to the fourth
telescoping barrel 73' will be explained below.

'Phis. driving mechanism basically transmits rotation of the

rotatable barrel 69 to the fourth telescoping barrel 73'.

—
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Gear' supporting- plates 64 and 63 are fixed to a rear
portion of the fifth telescoping barrel 60 by s'crews_ (not.
shown). The gear supporting plate 64 supports the pinion 6s
which is engaged with l_:he inner gear 69d of the rotatable
parrel 69 in a rotatable manner. The pinion 66 is placed
in a recess (not 'sl:own5 which is.formed on.the' rear end of
the fifth telescoping barrel 60. .A part of the tooth
portion of the "pinion 66 proje'cfs out of the outer
periphery of the fifth telescoping barrel 60. Sincé the
inner gear .69d.of the rotatable ‘barrel -69 is formed in a
manner such that the inner gear 69d is parallel to the
leading gi_‘oove 69c,. the engagement of. the pinion 66 with
the inner gear 69d is mwmaintained even when the fifth
telescoping | barrel 60 is moved in the optical axis
direction O by the rotation of the rotatable bgrr‘el 69.
A gear train 65 that receives rotation from the pinion 66
is sﬁpported between the gear supporting plates 64 and 63.
A fin.al gear 65a of the gear train 65 is fixed on a rear
portion of a rotation transmitting shaft 61 extending
parallel to the optical axis 0. The rotation transmitting
.shaft 61 has _an um‘.form non -circular-shaped cross section
throughout its length. |

A pinion 62 which is slidable on the rotation
transmitting shaft 61 and rotatable 'together with the

rota’ci-on transmitting shaft 61 is supported by the linear

—_—
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guiding plate 53, with the pinion 62 being immovable in the
optical axis direction with respect to the linear guiding
plate 53. Thus, the pinion 62 moves together with the
linear- guiding plate 53 and the foﬁrth’ €elescoping barrel
73' in the optical axis direction O. Tﬁe pinion 62 is
engaged with. the inner gear 73g of the fourth telescoéing
barrel 73'._ Accordingly, the rotation of thé rotatable
barrel 69 is transmitted to the fourth telescoping barrel
- 73' through a rotation transmitting mechanism 68 which
includes the inner gear 69d, pinion 66, gear train 65,
rétation transmitting shaft 61, pinion 62, and inner géar
73g. no mafter where the £fifth telescoping. barrel 60 is
located in the optical axis direction O.

In the telescoping type zoom lens barrel of this
fourth embodimeﬁt, wheq the rotatable barrel 69 is rotated
by a motor (not shown), the fifth telescoping barrel 60 is
moved in the optical axis direction O while not rotating by
‘means of the pin 60b gulded by the leading groove 69c and
the llnear guiding slot 67e. At this time, the fourth
telescoping barrel 73' is rotated by the rotation of the
rotatable barrel 69 and is mqved in the optical . axis
‘direction O while rotating by the function of the male and
fgmale helicoids 73f and 60a. At the same time, the third
telescoping Dbarzrel 14 is moved in the optical axis

direction O while not rotating. At this time, the second
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telescoping _'barrel 15 is moved in the optical axis
direction O while rotating by the rotation of the fourth
telescoping barrel 73'. At the same time, the first
telescoping barrél 22 .is moved in the optical axié
direction O while not rotating. The first lens group-Llhis
_moved together with the first telescoping barrel 22 in the
optical axis dlrection O while the second lens group L2 is
moved in the optical axis direction O while not rotating by
the function of the linear moving keys 24a and 16b and the
function of the cam pins 24b and the cam grooves 154d.
Accordingly, the front and rear lens groups L1 and L2 can
move in .the optical axis direction O while varyiﬁg Fhe
distance therebetween in a predetermined relationship to
effect zooming.

As can be seen from the foregoing, in the fourth

embodiment of the present invention, the number of

. K v’
telescoping barrels was fiHe. However, the number of barrels

may be more than five by providing,repeatedly,similar mechanical
structures including the second and fourth telescoping barrels
15 and 73, and the rotatable barrel 69, which are all rotated
by being given rotation, and the first, third, and fifth
telescoping barrels 22, 14, 60, which are not rotatable but

movable only in the optical axis direction 0.
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CLAIMS:

1.A zoom lens barrel haQing a plurality of lens groups
which are moved with respect to one another in a predetermined
path, the barrel comprising:- |

a driving barrel for rotation about an optical axis

of said plurality of lens groups;

at least three telescoping barrels which are moved in
a direction of said optical axis by rotation of said
driving barrel, wherein each of said telescoping barrels

which 1is mounted on  an inner periphery' of a previous

telescoping barrel of said telescoping barrels travels a

greater distance in said optical axis direction than said

previous telescoping barrel; and,

a lens group driving means for moving said plurality
of lens groups in said optical axis direction by movement

of said at least three telescoping barrels in said optical

axis direction.

2.A zoom lens barrel according to claim 1 wherein said
plurality of lens groups includes a front most lens group and
a rear most lens group; wherein an inner-most telescoping barrel

of said at least three telescoping barrels, which is placed

closest to said optical axis, supports said front most _léns

group therein; and wherein an second inner-most
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telescoping barrel placed adjacent to said inner-most

telescoping barrel supports said rear most lens group

therein.

3.A zoom lens barrel according to claim 2 wherein said
second inner-most telescoping barrel comprises a cam ring for
moving said front most and rear most lens groupsin said optical

axis direction in a predetermined path while varying a distance

there between.

4.A zoom lens barrel having a plurality of lehs groups

which are moved with respect to one another .in a predetermined

‘path, the zoom lens barrel comprising:¥

a driving barrel for rotation about an optical axis

of said plurality ofileﬁs groups;

at least two' rotating telescoping barrels which are
moved in a direction of said optical axis while rotating
about said opticai axis by rotatién of said driving barrel;

at leést two linear movable telescoping barrels which-
are moved in said optical axis direction while not rotatin§
about said optical axis by rotation of said driving barrél,

wherein said at least two linear movable telescoping

" barrels support said plurality of lens groups in a manner

such that said at least two linear movable telescoping

barrels are movable in said optical axis direction with
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respect to said at 1least two linear movable telescoping

barrels;

an inner-most telescoping = barrel that is Fitted
inside one .of said at least two rotating telescoping
barrels which is placed closest fo said optical axis among
said at least two _rotating telescoping barréls, wﬁérein
said inner-most telescoping barrel ié moved in said optical
axis direction by rotation of said one of salid at least
two-rotating telescobing barrels with respect thereto; and,

a lens group driving means for moving said plurality
of lens groups in said optical axis direction by movement
of said at least two rotating telescoping barrels in said

optical axis direction.

5. A zoom iens parrel comprising:-

a rotatable barrel:

a first telescoping barrel which is moved in an
optical axis direction by rotation of said rotatable

barrel:

a second telescoping barrel which is engaged through
‘a screw thread with said first telescoping barrel .and is
moved in said optical axis direction when rotated;

at least two movable lens groups which are moved in
sald optical axis direction by a rotation of said second
" telescoping barrel; and, |

_—
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a rotation transmitting means for transmitting

.rotation of said rotatable barrel to said second

telescoping barrel.

6.A.zoom lens barrel according to claim 5 wherein said
rotaéion transmitting means compriseé:

a first pinion_.which is supported on said first
telescoping barrel in'a”rotatable fashion with a portion of
said first pinion positioned.on an outer periphery of said
first telescbping barrel;

a first inner géar which is formed on an inner.
periphery of said rotatable barrel in a manner such that
said first inner gear inclines with respect to a
circumferential direction of said rotatable barrel so that
said first pipion is glways engaged with said first inner
gear;

a second inner gear which is formed on an inner
pe;iphery of said second telescoping barrel;

a second piniqn which is supported on said second
telescoping barrel so that said second pinion is always
engaged with said second inner gear;

a gear mechanism which transmits rotation of said
first pinion to said second pinion, regardless of a
relative .position of said 'first telescoping barrel with

respect to said second telescoping barrel.
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7.A zoom lens barrel according to claim 6 wherein said

gear mechanism includes a gear train and a rotation
transmitfing shaft thch extends parallel to said obtical
axis and on which a final gear of said gear train is flxed-
wherein said first pinion is engaged with said gear :train;-
and - wherein said second pinion is slidably £fitted
on said rotation transmitting shaft, with said second piniop

being rotatable together with said rotation transqitting'shaft.

8.A zoom lens barrel according to any one of claims 5 to
7 wherein said at least two movable lens groups are supported

by said second telescoping barrel.

9. A zoom lens barrel comprising:-

a ;fationary barrelg

a movable 1lens group including at least £front and
rear -lens groups;

a first telescoping barrel which moves in an
opticél axis direction w;th respect to éaid stationary
barrei:

a -second telescoping barrel which moves in said
optical axis direction with respect to said first

telescoping barrel; and

a front 1lens group supporting barrel which moves in
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said optical axis direction with respect to said second

telescoping barrel;
wherein said movable lens group is supported by said
front lens group supporting barrel and saiad second

telescoping barrel.

10. A zoom lens barrel ' comprising:-

at least two rotatable telescoping barrels ,and two
liheat-movable telescoping'barreis which are concentrically
and alternately arranged;

wherein said at. least .two rotatable telescoping
barrels are each'moved'along an optical axis while rotéting
about said optical axis when rotation is applied thereto,

wherein said at 1least two linear movable telescoping

barrels are each movable along said optical axis and not

rotatable about said optical axis,

and further wherein each of said at least two lineaf
movable. telescoping barrels is moQéd along said optical
axis. by rotation of ‘one of said at 1least two rotatable
telescoping barrels which 1s adjacent to said each of said
at least two linear movable telescoping barrels;

a rotation transmitting means  which transmits
rotation of one of said at_least two rotatable telescoping
barrels to another of said at least two rotatable

telescoping barrels; and
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a movable lens group i1including at least a front lens
group and a rear lens group, wherein said front and rear
lens groups are supported by the one of said at least two

rotatable telescoping barrels capable of projecting most among

sajid at least two rotatable telescoping barrels and the one of
said at least two linear movable telescoping barrels capabie of

projecting most among said at least two linear movable.

telescoping barrels.

11.A zoom lens barrel according to claim 10 further
comprising a driving Dbarrel which rotates about said
optical axis, wherein said driving barrel applies rotation to

said one of said at least two rotatable telescoping barrels

12. A zoom lens bgrrel comprising:-

a first rotatable telescoping barrel which moves in
an optical axis direction when rotation is applied théreto;

a first linear movaple telescoping barrel which is
moved in said optical axis direction by rotation of said
first rotatable telescoping barrel;

a second rotatable telescoping barrél which moves in
an optidal axis direction when rotation is applied thereto;

a' second 1linear movable telescoping barrel which
supports. said first rotatable telescoping barrel and is

moved in said optical axis direction by rotation of said
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second rotatable telescoping barrel;
a rotation transmitting means which transmits
rotation of said second rotatablé telescoping barrel to

said first rotatable telescoping barrel.

" 13.A zoom lens barrel according to claim 12 further
comprising a movable lens group which includes at least a
front lens group and a rear lens group, wherein said front
and rear lens groups are supported by said first rotataﬁle
telescoping barrel and said first }inear movaﬁle

telescoping barrel.

14.A zoom lens barrel substantially as hereinbefore

described with reference to the accompanying drawings.
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