1 ZOOM LENS BARREL The present invention is directed to__a _zo | ens

_.barreh for use in a camera. The zoomlens barrel is
1'ens "bdrr el havrng a plurality of tel escopi ng barrel
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taneras are usual 'y provided witih a tel escoping type

i nc] udes one or ‘nore tel escopl ng bajssk sLews @nriEg, concentrical ly arranged
and prOJected fronlaqg retracted into a canera body when Ph@Apg (ﬁfﬁj
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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 h

telescoping barrels.

Recent zoom combact cameras are
a telescoping type éoom lens which
te;escoping 'barrels_ which are concen
projected from and retracted into a

camera is Iin use and not in use,

aving a plurality of

usﬁally provided with
includes one or more
trically arranged and
camera body when the

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 magnification ratio for the zoom

lens. For this reason, if a high

ratio for the 2zoom lens ié to be

variable magnification

achieved, then it is

"difficult to keep the thickness of the camera body compact

and small.
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canmera i s in use and not in use, respectively, for the pur pose of
n1n|n12|ng the length of the retracted zoom |l ens. Gen

qukte. difficult to ninimize the length of the retraﬁi'g(ﬁlﬁgrﬁ %EEEN\/{iIe
realizing at the same time a high variable Ragnificatilon r aREBLAGE t he 4oom
| ens. #For this reason, if a hi gh variable magnification ratio for the

zoomlens is to be achieved, ?bﬁécﬁs SEf gl tolOskREP {hfehPiskness Ofo

the camera body conpact and snal
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 4is provided
having a élurality 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'barre;s 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 greafer 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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l ens barrel including a plurality of tel escoping barrel|s
prOJectEd fromand retracted into the canena body when
and not in use, respectively, and that is able to keep the length of the

retracted zoom1lens conpact and smal | whil st
retracted zoom lens while realizing at the same time a high

2 An object of the present invention is to provide a t gg g PBEERIM
t he é% B in dse

variable magnification 'ratio forl the zoom 'lens can be
obtained by a telescoping mechanism including tﬁree or more
telescéping 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 ro'tatiﬁg tel.escoping
.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
i.:elescoping barrels suppo_r't the plurality of 1lens groups
'in a manner such that the at least two linear movable
telescoping barrels are movable in thé 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 1is placed closest to the optical

axis among the at least two rotating telescoping barrels,

wherein the inner-most telescoping barrel is moved in the
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realizing a high variable magnification ratio of the zoomlens. Accordn

to one aspect of the present invention, a zoom |ens baNHE;SHEEFHQSdH{ﬁe

having a plurality of |ens groups which are noved w th rpspectRRPOAOER

“another in a predeterm ned path. The zoom | efls barrel cokprtses—adriving

- barrel# which rotates about an optical axis of the plurality of |ens groups,

~at least threeghekeagoPhifis badiLdSt ¥ ClhAr eolBY€Eni Nof dineeChbhen &F tdie at
optical axis by rotation of the driving barrel, wherein

least two rotating telescoping barrels with respect

d

thereto, and a lens group 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 .t_o 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.thrlead with the first telescoping barrel
and is moved in the optical axis direction when rotated,
at least two movabl_e lens groups which are moved in the
optical axis (iirectijon 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 telescoﬁing -barrei

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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each of the tel escoping barrels which is nounted on an inner perlphery of a
previ-ous_tel éscoping barrel of the tel escoping barr

greater 7 distance in the optical axi s dlrectlcﬂwstsllkllgg¥ =vious
tel escoping barrel, and a | ens group drivingsneans flor moRERfGERe plurallty
of lens groups in the optical axi s direction by novenent of the at | east

~three tel eSCOpﬁl n,:%tba §CJ) %H 11 leGal és adl F &5 OfendV rQ;Q'otv.zli'>' Ssupporting

©structure, a M zati on_of ‘engtH o
barrel which moves 1in the optical axis direction. with

:. respect to the second telescoping barrel, wherein the
movable lens gfoup is 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 rotatable
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 parrels, 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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3 retracted zoomlens while realizing at the sane tinme a high variable
magni-fication ratio for the zoomlens can be obtained b aprd
meehani smincluding three or nore tel escoping barrels. é@ﬂ#gt ?}%%%ﬁgﬁMe
aspect of the present invention, a zoomlen§ barrel is fdrovid %mq a.

pluraldity of |ens groups which are noved with respect to one another in a
by one of the at 1least two rotatable telescoping barrels

—kD-
-

which proj'ects most émong the at least two rotatable
telescoping bérrels and one of the at least‘two llinear
mov_able telescoping barrelé which projects most among said
at least two linear movable telescoping barrels.

.Acco.rding 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 lﬁoved in
the optical axis direction by rotation of the £first
rotatab.le telescoping barrel, a. second rotatable
teléscop_ing barrel which moves in an optical axis direction
when r.otatior-l is gi.venl_thereto, a second linear movable
telescoping barrel h‘rhich supports the firsf rotatable
te;escoping barrel and is moved in the optical axis
direction by rotation of the second rotatable telesco'pi'n'g
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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predeternined path. The zoom lens barrel conprises a driving barrel
whi ch- rot at es’ about an optlcal axis of the plurality of |ens groups, at

|l east two rotating tel escoping barrels which are noved in a direction—o
the optical axis while rotating about the optical axiq TS ISHEET iHAS BEEN he

~driving barrel,

at least -two linear novable tellescopRpRLAGED el s

which are noved in the optical axis direction while not—retat+mg—aboutr 1 he
axis by rotation of the driving barrel, wherein the at |east two
| i near nmovabl e 8l 8sc0pi ng barrels support ‘the plurality of |ens groups

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 barrel '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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in a manner such that the at |east two |inear novable telescoping barrels
are novahle in the optical axis direction with respect to the at

| east two |inear novable tel escoping barrels, an innerf

barrel that is fitted inside one of the at Ieas gﬁgifgﬁgq
tel escoping barrels which is placed closest to the optlcal ng_the

at least two rotating tel escoping barrels, wherein the |nner-nDst
tel escoping barrel is noved in the : 8

invention;

Fig. 8 is an isometric view of a shaft, gears and pinions
of a driving mechanism, showing the state of the engageméntl
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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REPLACEMENT SHEET 4 optical axis direction by rotation of the one of the at
| east” t wo rotatlng tel escoping barrels wth respect thereto, and a

| ens group driving neans for noving the plurality of P_H'""'mo in_the

optical axis direction by novenent of the at | east tvvo gET IASSBREN O
barrels in the optical axis direction. REPLACED

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 stationafy portion of
‘a camera body (not showh). The stationary barrel 111 is
formed integrally to an aperture plate 112 at the re-a-ar end
‘thereof. The aperture pléte 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.

i




According to yet another aspect of the present inyention, a zoom
l'ens barrel is provided which conprises at |east two rofaHaDLREEELR
barrels 'and two |inear novabl e tel escopi ng barrels which arelﬁgqﬁﬁegr
and alternately arranged, wherein the at | egsg two rotatable-tele ping
barrel $ are each noved along an optical axis while rotating about the
optical amasrahenl ¥Ht dn ohbies giVenat hereltso, dwereiinnt hiss apriegastteidoby

| i near novabl e .
Lhe restriction ring 116. A rotation transmitting groove

115b which extends ﬁarallel to the optical axis O is formed
on the 1inner periphery of the driving barrel 115. A sector
gear 117 is formed on the outer periphery of the driving
barrel 115. A pinion 118 which is rotated by a motqr 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 rOtationtransmlttjﬁg pin 120a passes through the leading
slot 111b and fits into the. rotation transmitting groove
115b. With this struclture, when the driving barrel 115
rokates, this rotaltion 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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tel escoping -barrels are each novable along the optical axis and not

twd |inear

rot at abl e about the optical axis, and further wherei Iﬁﬁgﬂ* b B@ENIeast
novabl e t el escopi ng barrels is moved al o g Pé axi § by
rotation of one of the at least two rotataple telesc whi

plnq his

adj acent to the each of the at least two |linear novable tel escoping

barrel s,

a T ALIAD 656%@ tE][PQt m%a\ehlmmgfnﬁg%sérf 953t | O Oh ANG A r

"the at |east’ two rotatable te escopi ng barrels

o another of the at | east

| tWQ rotat ablg%itd%Jn%SC%n{i)%Par r eiZSZC a%feérovtacpl etlleensf:ﬁrsq_Up linear moving
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member  122. With this structure, the firlst 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 11l1a 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

_—

i
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including at least a front Iens group and a rear |ens group, wherein the
front and'rear |ens groups are supported by one of the

rot'at abl'e tel escopi ng barrels which projects nost ﬂgﬁgb%§ﬁ371§&33ﬁéﬂ
two rotatable telescoping barrels and ong of the | BEERACER0
linear: novabl e tel escoping barrels which projects nost anbng said at |east
tWO i near rmvgte)l esetc%rﬁfc?:gl.l %cg%EBS' %a'arrel 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 lin.e-ar moving member 122, is fitted in the
r-otation.. transmitting groove 120b of the third telescoping
barrel 120, and-is fixed'to the second telescoping bai-fel 124.
With this structure, when the third telescoping barrel 120
is rotated, this rotation 1is transmittéd to the second
telescoping .barrel 124 through the rotation transmitting
groove 120b and the rotation transmitting pin 124a, thus
the second telescoping barrel 124 moves .in the optical 'axis
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 telesco.pirig 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.

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

—_—
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6 According to yet another aspecf of the present invention, a zoom]|ens
barrel is provided which conprises an outernost rotat abLBIiSa’SﬁEEPHﬁBQBEEN

barrél whi ch noves al ong an optical axis while rotatingjabout ingrpptica
axis when rotation is transnmtted thereto; a gsgcond out @Lost “Mf
novabl-e tel escoping barrel which is noved al ong said optical axis w thout

rotating about éeg{a%i%ﬂfakoﬁékab% %6l Afb0POf B At §L8BRE AR A ng

t el escopi ng barr

barrel 124 and movable together with the second telescoping

barrel 124 in the optical axis direction O. The linear

guiding member 126a runs along the linear guiding groove

122a of the first linear moving member 122. Therefore, wheﬁ
the second telescoping barrel 124 moves in. the optical axis
direction O while rotating, the second linear moving member

126 moves together with the second telescoping barrel 124

in the optical axis direction O without rotating but with

a relative rotation with respect to the second telescoping

barrel 124.

Cam grooves 128 and 129 for moving front and*rear lens
groups L1 and L2 in the optical axis direction O in

predetermined relationship, respectively, are formed on the

inner periphery of the second telescoping barrel 124. A cam

pin 132 is fitted in the cam groove 128. The cam pin 132 is
fixéd to a supporting frame 131 which 'supports

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 frames 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

This Sheet Has Been Reﬂlaced
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a second i nnernost rotatable tel escoping barrel whichovwes—along—sald
optical ‘axis while rotating about said optical axis whé&HlS SHEET HASIBEEN
appliedithereto; an innernost |inear novabl e tel escop|ng b&EPEACERDI ch ifs
noved al ong said optical axis w thout rotatjng about Sardg—optrtat—axrs—by a
rotatison of said second innernost rotatablée telescoping barrel; and a

tati t itt] i i t i tati f i.d out t
BB A et ey T SR AR e

telescoping barrel 124 and'the linear 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

—_—
- This Sheet Has Been R

™



Ref erence is hereby nade to GB9619149.9 which is divided fromthis
appl i cation and conpri ses zoom | ens barrel conprising armgt%pggipl gaggmal
an*out ef fel escoping barrel which is noved al ong an ogti cal R @b
rotation of said rotatable barrel without gotating abd
an innrer telescoping - 6A barrel which i & engaged through a screM/thread

with said Outgé. 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

- This Sheet Has Been R
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tel escoping barrel and is nmoved al ong said optical axis mheh rotated about

sai d- optlcal axis; at |least two novable | ens groups VCu a.“ﬂg
said optical axis by a rotation of said inner telescop sﬁgftﬁ

rotation transmtting neans for transmtting a rotati n of L4C Ebtata l e .
barrel to said inner telescoping barrel, wherein said inner telescoping

concent ri cal |3 20y dHOETR | Aot %3’? e Padirdy VB Fetponor Parieh @120 1o

optical axis. Ex%ré%I esanf tthbae Fir o 1ng | r]svleo ti ‘irh‘@ . t?xe d%?n rldbe(geQescoping

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

is Sheet Has Been Re laced
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in detail wth reference to the acconpanyi ng drawi ngs, in which Figures 1A
1B, 2 and'11 to 13 are in accordance with the present i nvention, the

refrai ni ng Figures being included to assist in the un
i nventi on. 7 Fig. 1A and 1B are half cross;sectio a‘H\S'S&ﬁg
- tel escoping type zoomlens barrel for a first' enbodi rfent ORERUAGED

composite movement of the linear movement of the first and

second linear 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 embédiment
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
refracted 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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present invention. Fig.. 1A shows a retracted state and Fig. 13 shows a

maxi mim ext ended state thereof, respectively; Fig. 2 i
of ‘the stationary barrel of the tel escoping type zoom ||&iHS ISGREEEIHAS BN

Fig. 1, showing the relationship between ;he | eadi ng sl|ot anBERIACED near

gui di g groove which-are formed on the st ?ionary barr et —Fr T 315

an expl oded i sometric view of a tel escoping type zoom |l ens barre

for a firsEiastaRBEREAMment; |is 12 LYRR 86 TR {eBFelATLeY dPVO"% FRERe

portion _ )
: 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
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of-the tel escoping type zoomlens barrel shown in Fig. 3; Fig. 5 is an_
expl oded isometric view of a mddle portion of the telﬁ@ﬁggﬂﬁﬂquﬁmeng]

| ehs .bairel

shown in Fig. 3; Fig. 6 is an exploded is
front portion of the tel escoping type zoom | @es barrell_show

PR

Fig. 7 is an isonetric view of the primary part of a driving nechanlsm
for . the teleﬁmppgmgovbyp€7szaﬁﬁ| ltevas bamr gpin 132, Ofinstead obhe ther sdam

_arrangenent;

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 1lens group for focusing. Namely, the
first lens group L1 moves in the optical axis direction O

with respect to the second lens group L2 to bring the zoom

' lens 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 minute-pitch male

"screw portion 12b is formed on the outer periphery of the
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8 Fig. 8 is an isonetric view of a shaft, gears and pinions of a driving
mechani sm showi ng the state of the engagenent t her eof i
cross sectional view of the telescoping- type zoon1|ensTﬁE95H géffﬂ%b
arrangement showing the retracted state thgyggof;

st

-

rotatable barrel 12 at the front end thereof. A leading

groove 12c¢ which inclines with respect ko a circumferential

direction of the rolatable bavrel 12 and an jnner gear 124

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
iﬁner and outer barrels 1la and Jlb. The supporting ring
13 includes an énungjng portion 13a which comeslle contact

with the inner heripher_‘y oF the ouler barrel 11b, 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.

I —
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Fig. 10 is a half ‘cross sectional view of the tel escoping type zoom |l ens
barrel of the first arrangenent showi ng the nost extend state thereof:
Fig. 11%s a half cross sectional view of a tel escoping| ThSSHEETHASBEEN
barrel for a second enbodi ment of the present invention shomuﬁthbggnDst
extended state thereof; Fig. 12 is a half cro2d sectiona—virewof—&

t el escopi ng type zoonllens barrel of the second enbodi nent of the present
i nvention showing the retracted state thereof; and Fig. 13 is a half cross

sectlonal vi ew of aAteIté‘édf@pl r}galeqcoplng barrel 14 “~which moves in the

optical axis d1rection 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 l4a. A female helicoid 1l4c and a linear

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

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

barrel 14 is 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. Thé

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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type zoomlens barrel for a third enbadi nent of the pr tilnvention
showi ng the nost extended state thereof. 9 Figs. 1 |diSSHEEDWAS BEEN
tel escopi ng type zoomlens barrel for a first enbodi nent REPLAUE@ pres<
invention. A stationary barrel 111.is fixé& to a st ati‘omary portion—of
canera body (not shown). The stationary barrel 111 is

supporting linear guiding plate 17 is fixed to the rear end

\174

nt

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 1l4c while the 1linear guiding
member 16 and the linear guiding plate 17 move together
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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formed integrally to an aperture plate 112 at the rear end t hereof. The
aperture plate 112 has four linear rails; inner guiding §H Ag%%cﬁlzc
ant outer guiding rails 112b and 112d at the upper

portions thereof, respectively, for guidig% a photogra hlnq'? %Qot
shown)}. A linear guiding groove 1llla whi extends parallel to an optical
axis Ois fornmed on the inner periphery of the stationary barrel 111.

| eadi ng sl ot 1in®aFs MBI BRYEh %‘fatif‘ontdf“ BRELEPL1 PXisrhdifesking 59'otA

111b is forned as a linear slot as shown in Fig. 2 which inclines with
respect shutter block 20 'is fixed to the front lens group guiding

member 18 by screws 21. The shutter block 20 is fixed to a
first telescoping barrel (i.e., inner-most telescoping
barrel or £front lens group supperting barrel) 22. Hence,
the shutter block 20 and the first telescoping barrel 22
are 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 L1
through the male and female helicoids 23a and 20a for
focusing. A male helitoid 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

telescoping barrel 22. The shutter block 20 is provided

‘with shutter blades 20c which are opened and closed in

N




to both the optical axis direction Oand a circunferential direction of the

stationary barrel 111. A driving barrel 115 is slidably attached to t
aqutside of the stationary barrel 111. The driving barrprykloHtESHAS BEEN
circunferential groove 115a on its rear pogtion. A res r| ct '@Lﬁ\cm
which is fixed to the aperture pI ate 112 is held agai

circunferential oY Qe - wjil‘:ﬁx h tgl s%ﬁ% Fg%ure the drlvt#ﬁl_?%ggrrege néqS
n

is able to r(?tacte about t e optlca axi’s

he Rbveneht o e drivi

photographed, this informat_ion being obtained from a
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

I —
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10 barrel

115 in the optical axis direction is prevented by the

restriction.ring 116. Arotation transmtting groove 115b which extends

pardl |l el ’

to the optical axis Ois forned on the inner peri A
driving barrel 115. A sector gear 117 isg formed on the c%@?ﬁéfgggﬁg?ﬁm

of the driving barrel 115. A pinion 118 which is rotatedlhy a

19 _1is

engaged with the sector

lens group gL(,alar i]sl]'?x{lov'ed .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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A third tel escoping barrel 120 is slidably fitted inside the stationery
barrel 11.1. A rotation transmtting pin 120a is fixed to the outer
periphery of the third tel escoping barrel 120. The rotat :H_" RPEN
pin 120a passes. through the leading slot 111b and fitjs $ri‘§§g@§
rotation transmtting groove 115b. Wth 2éhis structjure

driving barrel 115 rotates, this rotation Is transmtted to t he
third tel escopi bHe bannekr §26r t Hrddughis t ainteiiatadn evemnswhén i nthgr odhadxd
115b and - the rotation transmtting pin 120a, thus the third

tel escopi ng bar ¢gled28piByes Baxridie Op#i Cals axméved in the optical axis

direction O by the rotation of the rotatable barrel 12. 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

thB&mR]mw
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direction while rotating in accordance with the profile of the |eading
slot 11lb- Arotation transmtting groove 120b which extends . parallel ta
the optical axis Ois forned on the inner periphery of WIS SBHEET HAS BEEN
tel escoping barrel 120. A first |inear”novi menber 122 |s Suﬁthbygfltted
inside the third telescoping barrel 12 An i nner +Hafge—120e—ts

formed at the rear end of the third telescoplng barrel 120. The
i nner- f1 ange 138&-i sPRelTPbkehedtese ( &hye third telescoping barrel’ 14 is

located 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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11 portion of the first linear noving nmenber 122 and a |inear guiding
menber . - 122c fixed to the first |I|inear noving er—L122. W ith this
sttucture, the first linear noving menber 122 is rel atiydHyS SHERT HASeBREAN
respect to the third telescoping barrel 120 and novabl ¢ t ogeRFRACEDRth th

e

D

third:tel escoping barrel 120 in the opticédf axis directtom o—Thet+inear
gui di ng nenber - 122c runs al ong the Iinear gui di,ng roove 1lla (%f
: the optica axis™ O nd is supported on

the stationglycedpparallel 1}
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

This Sheet Has Been Reﬂlaced

R




Therefore, when the third tel escoping barrel 120 noves in the optical axis
directiQn O while rotating, the first |inear novi ng—enher 122 noves
togethet with the third telescoping barrel 120 in tHTHIPSHERET HNS BEEN

direction O without rotating but with a relatlve rotaﬁlon VREPLACEBPECE [ O
the third tel escoping barrel 120. A linear %U|d|ng gr

ext ends parall el to t he tigcal Is 0.is d on the.inner, periphery, o
e P BB v R el ol ity Bt th 5 351 PB8Bk G AL,
first linear novipng nenber 122. The Ieadlng slot 122b i s forned

: 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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as a l.inear slot whi ch inclines with respect to both the optical axis
dirgction O and a circunferential direction of the first |linear noving
menber 122. A second tel escoping barrel (i.e., second infers

tel escoping barrel or cam ring) 124 is _slidably fji t"\‘ggﬁf Lt@ BEW]
first Tinear moving member 122. The mechani c&9 struct ure {bet weBR 4ATEDE | v

| i near noving nenber 122 and
5 53 move together with the fourth telescoping barrel 73 in

1%

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-noted 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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12 the second.tel escoping barrel 124 is basically the sanme as that
betweén .the stationary barrel 111 and the third | el
IO

120. Nanely, a rotation transmtting pin 124a, which passe

| eadi ng sl ot 122b of the first |linear fdvi ng nener

fitted in the rotation transnittinq groove 120b of the third
t el escopi nPbarFRiabegd ahd i ¥ xedd-tHe sRbonti't el BELBpi AYTbartt2 k4.
‘Wth this structure, when the third telescoping barrel 120 is r ot at ed,
‘this rotdligFoids fransmik ey 89 fhe Ruyddgn of the linear moving -

keys 16b and l8a. The Ffirst lens group LI is moved together

iis

with the first telescoping barrel 22 in the optical axis
a i. rection O while The second lens qr an L2 is 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
lgrm_xps 1.1' and .2 c¢an mave itn the opttecal axls dlrectlon O
while varying the distance therebeflween in a predelermined
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, aﬁd
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

;\“;\
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telescoping barrel 124 through the rotation transnitting groove 120b
and the’ rotation transmtting pin 124a, thus the second|tpi®sHept o

124 moves in the optical axis direction O while rotating in ggggf%gghgﬂﬂﬁ.h
the profile of the | eading groove 122b. A second |inear ]
is slidably fitted inside the second tel esddping barrel 124. The nechani cal
structure bet en t?§£3§%3Qd755n%1 tn%v%%%r@%nggr %§g8§5§egggré?cggd

~telescoping b ?e? S basi cal e ‘same as he™first
linear moving rrerrb(fn ]t%ue our@g 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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third tel escoping barrel 120. Nanely, an inner flange 124b is forned at

t he

ne .rear. end of the second tel escoping barrel 124 and S gl

bet ween” the rear portion of the second |inear noving ng &&%§Zgég

"~ linear guiding nmenber 126a fixed to the second |inear movin 126.
"Wth this structure, the second |inear movihg nember 126 is

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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relatively rotatable with tespect to the second tel escqping barrel 124 and
novabl e together with the second tel escopi ng barrel 124 THS9MEEP S
direction O The |inear guiding nenber 126a runs al ong{the | gﬁ%%tﬂ§§%§m
groove 122a of the first |inear noving nmenggr 122. The .mn W the
second tel escoping barrel 124 noves in the optical axis di rect lon O while

rotating, the sqg %qu I Iblg&qrelmgbnga e ol gigﬁ@e@vﬁéal'()g@écﬁ‘erwﬂ!ém & ends

second tel escoping barrel 124 in axis direction O wthout

rotating but i th)arelatige rPéé‘&L?& YebBoEe R 2t EBENSACYN the inmer

(telescoplng
periphery of the rotatable barrel 69.

oL

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 portion 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 shqwn) is engaged with the gear portion 69a is formed
in the outer'barrel 67bﬂ A slot (not shown), through which
the pin 60b passes to fit in lthé 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. basical_ly transmits rotation of the

rotatable barrel 69 to the fourth telescoping barrel 73'.

—
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barrel 124. Cam grooves 128 and 129 for noving front and rear |ens groups

L1 and L2 inthe optical axis direction Oin a predet er mi_ned
respectively, are formed on the inner peri h(pngsyEETW\SsBEE%j
tel escoping barrel 124. A campin 132 is fittedsin the cgm grogue NG The

rel ati ohship,

cam pin 132 is fixed to a supporting frarre 131 whi-ch—stpports an

annul ar - shaped gugt erg bl M tdhd esgeCladd 1H8eHPRY L 0 rear
frame 131. A campin 134 is fltte in the camgroove 129. The campin 134

is fixed to a syqNdNdor the fifth telescoping barrel 60 by screws (not

shown). The gear supporting plate 64 supports the pinion 6s

which is engaged with the inner gear 694 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 uniform 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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frame 133 which.supports the rear | ens group L2. The second Ilnear novi ng
menber- 126 supports the supporting franmes 131 and 133 g=a=e=THINE
t.he suypporting frames 131 and 133 are not rotatable b ﬂHﬁbﬁga b g_ly I njthe
optical axis direction O The cam groove 128 and 129 togeth’éﬁL |
14 conposite novenent of the rotational novenent of the Second

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 guided by the leading groove 69c and
the llinear guiding slot 67e. Af 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

This Sheet Has Been Reﬂlaced
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tel escoping barrel- 124 and the | i near novement of the first |inear novi ng

menber

| engt h

122 and the second linear noving nmenber 126 give t r 1o .
| ens groups L1 and L2 a predeterm ned pat h wher eby THﬁh§hE§ ol N
i s continuously varied. The inner periphery of the shutEACEPock

130 nméshes with the outer periphery.-of a lens s#pporting frane 135 through
helicoids 136. A lever 135a which is fixed to the | ens supporting frane .
135, is engaged tfikasconiaigs dbavrad pikb 1368 oMaved shiift erth ocRPEdGalTheaxis

| ens driving pi

n
direction O while rotating by the rotation of the fourth

telescoping barrel 73'. At the same time, the first
telescoping barrel 22 is moved in the optical axis

direction O while not rotating. The first lens group L1 is

moved together with the first telescoping barrel 22 in the

optical axis directién 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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130a is driven to: rotate by a predetermn ned amount in accordance W th

an object

dlstanc | ens supporting fras= S T
the front |ens gro ’Ll m Hﬂ ljl in the optical|THIS SHEGH HASBEEN | o
through the helicoi ing. The shutter bl pck 1REPLAGEUdes

shutter bl ades 130b which are opened and cl osed—ttr—actcordance

with the
t el escopi ng

R eSS of the object -~being photographed. A first
%arre (i.e., i nner-nost tel escoping barrel) 140 in

which the front lens group L1 is

1.A zoom lens barrel haQing a plurality of lens groups
which are moved with respect to one another in a predetermined
pathf 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

Thllsllsllllic"t iilai Been Reﬂlaced




mount ed, -i s fi'xed' ing frame 131. The first teI escopl ng barrel

14Q is pJOVIded at he front 'end with a |l ens protecti Fechant EN
141. .The lens '”uﬂ)m ﬂr sm 141 has a plurality oTHlﬁlm "\%ﬁ BR
are opened so . _ "u photogra@m ng aperturie 14OBEBh®G%303ed

to cover the sarre
| 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 léast two linear movable teiescoping

" barrels support said plurality of lens groups in a manner

such that said at least two 1linear movable telescoping

barrels are movable in said optical axis direction with
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Nurer al s 144, 145, and 146  designate light intercepting

menbers which are provided between the stationar f N1e
third el escopi nE m ﬂunuzl.mﬂ ween the third tel esc ?gér % nd
t he second teles and bet ygen the decond? rm'.U

barrel 124 and” fhe ' r St tel escoping barre 140,

respectively, for tin ra I i ght qm ent r|n th teri

| ens barrel. Nﬁﬁggﬁl 158 dggféna &s g co%er |cei o5t npgvﬁgﬁ% Qﬁlggcggqng
canmera body (not shomn) The tel escoping type zoon1|ens barrel of t he

rels;

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 barrels, wﬁerein
said inner-most telescoping barrel 15 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 lens barrel 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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first enbodi ment of The present invention is actuated as follows. Wen the

o e MR 25 1 0% v T TR e
e .

direction causes t

v |

I\ ndg b&rrel 115 #ae rotate. - This r Qi of e

drivi-ng barrel 115 causes the third and second telescoping barrels

120 and 124 to novg foryupLd bR th%:%&%.&%hﬁgi S ﬂééﬁﬁ“oﬁ?P \mi;kgngmeemﬁe

by the sane rotational angle as that of the

riving barrel 115, through t

engagement QLOLQ@i&RtatBQn tEQQEWitEBQthBQQVG ﬂ;??eﬁnd 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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the rotation transnitting pin 120a and the engagenent of the rotation-

transmtting gro
Sircesthe rotation
t el escopi ng barrel
telgscoping barre

7

rotation traqsaLUUA%E;*+r——&iﬁa. :
hTHES SHEEIOHAD BERY |t-hi rd

I ttin 16 120a whi
lm m" | qu t e 43 eadi ng | sl ot REPLAGED the third
Wi optical axis di tTom o Whi [ e

.A zoom lens barrel according to claim 6 wherein said

gear mechanism includes a gear train and a rotation

transmitfing shaft which extends parallel to said optical

axis and on which a final gear of said gear train is fixed;

wherein

and

said first pinion is engaged with said gear .train;-

wherein said second pinion is slidably fitted

on said rotation transmitting shaft, with said second pinion

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

9.

second telescoping barrel.

A zoom lens barrel comprising:-

a stationary barrel;

a

movable lens group including at least £front and

rear -lens groups;

a

opticél

barrei:
a

optical

first telescoping barrel which moves in an

axis direction with respect to said stationary

.second telescoping barrel which moves in said

axis direction with respect to said First

telescoping barrel; and

a

front lens group supporting barrel which moves in

This Sheet Has Been Re
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rotating.in accordance with the profile of the |leading slot 111b. This
noyerrent. of the third tel escoping barrel 120 in the oqht.l_c.a,l__-aaq-s———-——-——-
direction 0 is tranﬂmmam"nlﬂsm irst linear novi|itHIS EHBERErHAS BREN
whose rotational nted g¥hen the rqgtati oREREAGHEE t hi id
t el escopi ng barrel 120 i t'rafls tted to the second t etescopimyg barrer 124, -
the second tel escoping barrel.124 noves in the optical axis direction O

whi | e rotatis@iqn adderadan@x i t I‘i‘itrl‘i‘—é‘-trw@f i Pathf rhasPeehdi kg s$aid 129¢cond

Thi s novenment of the 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
bar;els are each movable élong 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 1least two rotatable

telescoping barrels; and

This Sheet Has Been R
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t el escopi ng barrel 124 in the optical axis direction O is transmtted to

t he second |i near "’ mﬂu! ose rotati onal phBverent nt ed.
The second | i near Bll ﬂ""mmuﬂ. des the suppo ﬂHIﬁ;}SHEﬁTrbﬁsl%E%ﬂ
133, ‘that is, the front and‘relr Yers groupgsll and {2 novRERLACEBIy in

the optical axis direction O, and the positions of the—supporting franes
131 and 133 in the op];nl cgklgm nggghgn 1%(,% i %t eéfn rig_gslgy d hgrgg‘rp t]heens

grooves 128 and 1255i are T ner  periphery

second . tel escopino Ry ! Ak CORSEYEILLY: SO0 IO FEHe | 18 conr

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

LD




and L2 are noved in the optiTcat—axts u+rection O in a predeterm ned

relationship

X 8 to oﬁ t he 17 conposite novement: of
the |inear noverrent iﬂﬂ umm ﬂl‘second | i near novi ng T é o
126 and the rotati on e secogg t el escopin arr F?EFE’EA ?

i ncl udi ng the cam grooves 128 and 129.

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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The hal f, cross sectional view of Fig. 1B shows the position of the zoom
| ens ‘barrel of the first enbodiment in which the front and rear |ens groups
L1 and L2 are fully extended, by the above-expl ai ned actions. As can be -
seen in Fig. 1B, the zoomextension is significantly —aﬁ:—u—n_r.bp_uu;y
extended .position when conpared with the fully | &tiSaSHERT HASIBEEN.
The shortest focal length at which a picture can be tipken ®EPBAGED N a Jtate

of the zoomlens barrel between the staté&%hown in FIg—TAamd—the
position shown in Fig. 1B. A picture Ci@ﬂ%&ﬁken’ nanely, a

ZOOM LENS BARREL

A zoom lens barrel has front and rearllens groups (L1, L2)
which are moved with respect to one another in a_predétermined
path. A driving barrel (12) is.rotatable about an optical axis
of the lens group. Three telescoping barrels (14,15,22) are
moved in a direction of the optical axis by rotation of the
driving barrel. Each telescoping barrel is mounted on an inner
periphery of a previous telescoping barrel and travelé a gfeater
distance in the optical axis direction than the previous
telescoping barrel. The lens groups are moved in the optical
axis direction by movement of the three telescoping barrels in

the optical axis direction.

{FIGURE 10]
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focusi ng and exp05| ng operation can be effected at any focal |ength between
t he above-noted shortest focal |ength and the | ongest fogal | engt h which
tHe zodm lens barrel of Fig. 1B has. Wen the zoomlens B o g

~state shown in the half cross sectional %lzvxjs:gf Fig. 1B, ?mgrerE{@@[Q&N
the pinion 118 by the nmotor 119 in the re di rectionlcause Z

| ens barrel to be brought into the state shown in the héPf Cross
sectional view of Fig. 1A that is, the retracted sta% b;l fol |l ow ng t he
steps of actions nentiored above in. a}@ opposi te way. )
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Al t hough the tel eséopi ng--type zoom | ens barrel of the 18 first
enbodi nenat is a type of zoomlens barrel having three tel escoping barrel,
i.'e., ‘the first, second, and third telescoping bﬁ; eb—140___ 124,

and ' 120, the nunber of telescoping ?ar[igl s may be fOHES SHEET HASeRERY
adopt+ ng the same nechanical structure tHaf~this zoom | ens R @CEDasS.

Fig. 2

NS

111a—"] m
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The easiest way -to increase the nunber of telescoping barrels is to

I ncrease the nunber- of 120 type and 122 type el enents

used t oget her

Mor eover , al though the telescoping type zoom
first enbodinent is a type of zoom | ens barrel which
system consi sting of front and rear Iené’éﬂ@hps, t he

optical system§gb

L TisI SOSHEET HAS BEER

has aREPPATET® opti

cal

+ el AL L
I'COoOTITt . rrImveTTreT—oTT

be applied to a teIS;QQangmLﬁgé zoom | ens barrel which has a zoom ng
l
L)

AN

AN
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Furthernmore, although _the supporting frame 131, to which the first
tel escoping barrel 140 is fixed, is noved with respect to the second
tel escoping barrel 124 in the optical axis direction 0. by a cam mechani sm

i ncl udi ng the REPLACEMENT SHEET 19 cam groove 128 32,
i nstead ofthe cam 4/1 THIS SHEET HAS BEEN |
REPLAGED

13d(13e)

e \aced .
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mechani sm the supporting frame 131 may be noved with respect to the second
tel escopi ng barrel 124 by using a helicoid nmechani smtherebetween. Figs. 3

through 10 show a tel escoping type zoom |l ens barrel having three

tel escoping barrels, of a first arrangenent.
A zoom lens optical system of this5/fk}st arran J#A%ISHEEE(&‘% BERN
a first lens group, L1 and a second |lens group L2. Theé_fi r-s‘gEméhrngroup

is a lens group fol focusyng. Nanely, the first lens group L1 noves i
optical axis directiNon O%\'
N\

i

of
L1
t he



Wi th respect to-the second lens group L2 to bring the zoom | ens opti cal
systeminto an in-focus state. A stationary barrel 11 which is fixed to a
caner a* body (not shown) includes an inner barrel 1la, an outer barrel 11b,
and a connecting wall 11c which conne he rear @ ol T Tarer—bqrrel
1la with the rear end of the outer baf({ £I1t311b. A rc'tng-“g h.ﬁﬁd’#’ﬁaﬁtwe
driving .barrel) 12 is rotatably placed between the lLnner G er b

rrels
11la and 11b. A linear guidingslot 1le which extends parallel to the
optical axig§ O isghored on-thé inner barrel 1la. _

> ”

§ 0T |

>
N,
3.
& B
o~
—
\
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A gear portion 12a which extends in a circunferential direction of the
rotatable barrel 12 is forned on the outer periphery of the rotatable
barrel<12. A minute-pitch male screw portion 12b is forned on the outer
~ periphery of the 20 rotatable barrel 12 at thgHd SABET

) Weof.
A | eading groove 12c which inclines7w 13 respect fo a %gﬁﬂg%ér é’al

Fig. [

\
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direction of -the rotatabl-e barrel 12 and an inner gear 12d which extends

parallel to the leading groove 12c are formed on the inner periphery of
t He rotatabl e barrel 12. A supporting ring 13 is fixed to the front ends of
the inner and outer barrels 1la and 11b Iﬂg suppor §i ' Lncl udes
an engagi ng portion 13a which conmes in %J ct with SHAR HASeBEmN
of the outer barrel 11b, a female screw portion 13blwhi cHRERLAGERNgage
with the nmale screw portion 12b, and a contacting portro '
cones in contact with the outer periphery of the inner barrel 1lla.

Fig. 8
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The supporting .ring 13 is biased toward the stationary barrel 11
by -a -biasing nenber (not shown), so that the position of the
suppor¥ing ring 13 with respect to the stationapy_bharrel 11 s
mai nt ai ned. A gear portion 13d is forned Sn a part THIS SHEFE HASWBEEN
peri pheral edge of the supporting ri n@l 13. The sfrengtdepiLabethe
stationary barrel 11, specifically that of the ront—erd—thereof ,
is increased by the supporting ring 13. A slot 11d is forned in the outer
‘barrel 11b through which a pini oan_‘ i-gengged with the gear portion 12a.
A sl ot (not : ¢

13 13_b/13a 26 12a 11b

"l\1 1c

i



shown) is formed in the inner barrel 1la through which a pin 14b passes to
fit in the | eading groove 12c and through which a pinion 30 is engaged wth
t He "i nrier gear 12d. 21 A third telescoping bargel—14-—which ves
in the optical axis direction Ois fli(izci%nsi de thETHiSn&HEEi'aHAQIBEENa. A
gui diing projection 1l4a, whi ch is inser to the REPLAGED
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linear _guiding slot 1le, .is forned on the outer periphery of the third
telescopikng barrel 14. The pin 14b which is inserted he | eadi ng
groove _12c is -formed on the guiding projection 14a.| MiSesigrr pg
1l4c and a linear guiding groove 14d, wihlohi®xtends paralj el t@rphep
axis § are formed_on___ fhe_ lnner__perlphef_y_ of . _the _thI :
barrel 14. Wth this gtructur when the rotatable bqrrel 12 is

rrel 14 is noved in the joptical axis

rot at ed, the third tehescgpin
direction O whil e not rotat;ln@;J~ cordance with the | i ngar gui di ng

slot.- ~~~~~ u
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1le and the leading groove 12c. A second tel escoping barrel (i.e., second
i nper - m)st tel escoping barrel or camring) 15 is engaged through a screw
thread WI th the third tel escoping barrel 14. The second - tel escoping.

barrel #15 is noved in the optical axis tion Obyfr rotat+en—w-L h
respeé€t to the third tel escoping barrellglélng mal e hel |ﬂ'ﬁ$(§"fl§§ RS BBEN
meshes with the femal e helicoid 14c of the third tel ejcopi nGERAGSE 14 §s
“formed on the second tel escoping barrel 15 on the outer periphery at ear

portion thereof. A linear guiding mF_errg 12

////

20d - 22a 15¢ 32 15b

w&v@
A

23 U1 2338 20a ‘20 20¢ 07 L2

{16b)

N

—_—
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16 is plLaced in the second tel escoping barrel 15. A gear 22 supporting
ligear guiding plate 17 is fixed to the rear end of the |linear guiding
menber 16 by screws 19. The second tel escoping barrel 15 is provided

with ad inner flange 15b which is held n the line nerbes 16
and the |inear guiding plate 17 in a'ﬁg\gt%:bl e rranneraf\ﬂlst%_ %}é&)ﬁ BEEN

Fig. 13

'i_This Sheet Has Been Reilaced :




\1

to th& l1near QU|d|ng menber 16 and the linear guiding plate 17. A linear

‘nmovi ng Key 1ﬁa formed on the linear guiding plate F==s ftted—tnte—f he
‘l'i near kdlng groove 14d of . the third tel es cﬂﬂﬁﬂ}CEﬁHﬁﬂ@$ﬁEuﬂA
Wth, thi's structure, the second telgescoping barrel éfi Hﬁ E@g tdgt abl e
W th- respect to the third tel escoping barrel 14 and| ttue r tJ he
| i near guiyi ng nenber 16 and the linear guiding p ~Fespeet to
“the third tel escoping barrel 14 i20pHeuENSeBARREKOr di ngly, when rotated
t he second tel escoping barrel 15 is noved in the optical axis ~
The present invention 1is directed to a zoom lens
barrel for use in a camefa. The zooh lens  barrel is 'a
teleséoping type zoom lens barrel having a plurality of

telescoping barrels.

Recent zoom

a telescoping ¢t

telescoping barrels which

projected from and retracted into

camera is

purpose of minimizing

lens.

Generally,

length of the retracted

same time a

lens. For this

ratio for the

high

compact cameras are usually provided with

ype zoom lens which includes one or more

are concentrically arranged and

a camera body when the

in 'use and not in use, respectively, for the
the 1ehgth of the retracted zoom

it is quite difficult to minimize the

zoom lens while realizing at the

variable magnification ratio for the zoom

reason, if a high variable magnification
zoom lens is to be achieved, then it is

difficult to keep the thickness of the camera body compact

and small.



direction Owhile rotating by the function of the nmale _and_fennle
helicoids 15a and 14c while the linear guidihgRRbelclf & tﬂe
l'i near gquiding plate 17 nove together with the secopd teﬁbjﬁ n ar flel 15
tin the optical axis direction O w'thout rotating. pRas . *ho Vi 5 ys|l 16b
~which extend parallel to the optical ax2s O are lFerned on fThe Il r
| gui di ng member 16. Linear noving keys 18a which extend parallel to the
joptical axis Oare forned on a front | EQup Ldi.ng . e
“linear noving keys 18a are’??i&h.%%tEnggzegﬁ% tﬁgghgh@ QEUQSE;$§ IQ to

provide a telescoping type zoom lens barrel including a

plurality of telescoping barrels which are projected from
and retracted _into the camera body when the camera is in
use and not in use, respectively, and that is able to keep the
length of the retracted zoom lens compact and small whilst

realizing a high variable magnification ratio of the zoom

lens.

According to one aspect of the present invention,

a =zoom lens barrel is provided
having a pluralitf of 1lens groups whiéh are moved with
respect to one another in a predetermined path. The ioom
lens barrel comprises a driving barrel which rotates about
an optical axis of the plurality of lens groups, at least
three telescoping'barre}s which are moved in_a direction of

. the optical axis by rotation of the drlving barrel, wherein
each of the telescoping barrels which is mounted on an
inner periphery- of a .previous telescoping barrel of the
telescoping- barrels travels a greater distance in the
optical axis diréction than the previous telescoping
barrel, 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



23 |i near

shutter
i nner.,- Aost
" Hence,

the shutter block 20 and the first tel escopi Bg=barret=—22N——==

movi ng keys 16b in the optical axis direction=0 -A-shutterh ock
20 is fixed to the front |ens group guiding nenber [ISziy ssunemsr SAesTHe

block 20.-is fixed to a first . tel escoping barr
tel escoping barrel or front Lens group|ispg §tinahhé§¥%l) 22

refracted zoom lens while realizing at the same time a high
variable magnification ratio for the zoom 1lens can be
obtained by a telescoping mechanism including tﬁree or more
telescoping barrels.
According to another aspect of the present invention,

a zoom lens barrel is provided having a plurality of lens
groups which are moved with respect to one another 1in a
predetermined path. The zoom lens Dbarrel comprises a
driving barrel which. rotates about an optical axis of the
plurality of lens groups, at lgast two rotating telescoping
barrels which are moved in a direction of the optical axis
while rotating about the optical axis by rotation of the
driving barrel, at 1least two linear movable telescoping
barrels which are moved in the optical axis direction while

not rotating about the optical axis by rotation of the

'driving barrel, wherein the at least two linear movable

ﬁelescoping barrels support the pluralitf of 1lens groups
in a manner such that the at least two linear 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 rota.ti.ng-
telescoping barrels which is ;Slaced- closest to the optical
axis among the at least two rotating telescoping barrels,

wherein the inner-most telescoping barrel is moved in the



are not rotatable but vahle in the gptical axis d|rect|on 0. The shutter

block 20 is provi deTHISBHERTHAS BERI| peri phery thfg
hel i coi d 20a whi ch mgshes wpepagED™l e eI i coid 23a flp

peri phery of a front tens—grotp—stppoerti frame 23 (B gt
lens group L1. As is well-known, in accordance wi t h jal e

I nformati on obt ai ned from an obj ect di stance neasur gevce={ not
shown), themthidaler axieck diGeditiives bhe fotmitidrenefgr biug axm)optfl nghérearie

‘23 to rotate
least two rotating telescoping barrels with respect

thereto, and a léns group driving means for moving the
.plurality of lens groups in the optical axis direction by
movement of the at least two rotating telescoping barrels
in the optical axis (Jlrection..

According to yet another aspect of the preeent
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 telescoping barrel which 1is engaged
through a screw thread with the first telescoping barrel
and is moved in the optical axis direction when rotated,
at least two movable 1lens groups which are moved in the
optical axis directi_on by a rotation of the second
telescoping barrel, and a rotetion transmitting means for
transmitting rotation of the rotatable bar.rel to the second
telescoping barrel.

According to vyet another aspect of the present
invention, a zoom lens barrell is provided which comprises a
stationary barrel, a movable lens group including at least
front and rear lens groups, a first telescoping barrel
which moves in an optical exie direction with respect to
the stationary barrel, a second telescoping barrel which

‘moves in the optical axis direction with respect to the

- This Sheet Has Been Refilaced
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through a driving pin 20b of the shutter block 20 .h@EEhA@ﬁ@Eyﬁﬁ@TET ﬂ

_projection 23b fixed il AE RSl group supporjting f e ag to
nove the front |ens g?ghjpﬁgﬁ_%%gélﬁﬁﬁt he mal e and f meemrmﬁf’ =.23d and
]

20a for focusing. A hale

22a.] whi.ch is en

helicoid 15c of the second tel escoping baPreI 15, is formed on the outer

‘periphery at the rear end of the first tel escoping barrel

22. The shutter

bl ock 20 fsrsiprbeidedoping dannad. bhaded 20xonhi ¢Angr @ PFheSuRPAr Eivg ed

in

barrel which moves in the optical axis direcfion. with
respect: to the .second telescoping barrel, wherein the
movable lens group is suppofted by the £front lens gfoup
supporting 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 Eelescoping barrels and two 1linear
movable telescoping barrels thch are concentrically and
alternatgly arranged, wherein the at least two rotatable
ltelescoping 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 6ptical axis, and further
wherein each of the at least two linear movable telescoping
barrels is moved along the optical axis by rotation of one
of the at least two rotatable telescoping barrels which is
adjacent to the each of the at least two linear movable
telescoping barrels, & rotation transmitting means which
transmits rotation of one éf the at least two rotatablé
telescoping  Dbarrels to another of the at lea;t two

rotatable telescoping barrels, and a movable lens group

ihcluding at least a front lens group and a rear lens

'group. wherein the front and rear lens groups are supported

—_—
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24 accordance wth the bri ght ness of an obj ect being
phot ogr aphed, this T i Ing obtained |ff Jr: e
deV|ce {not shown). gf?ﬁ?égﬁgﬁiégigEaf given to the % 8 %%ﬁ%k”ﬁ@i
'through a flexible pilinted Bt boafd,20d. Rear | q%ﬁ? gﬂ[ ots
|18b are forned on the front |ens group guiding nenbe The- rearm -8R

;group L2

by one of the at least two rotatable telescoping ,barrels
which projects most among the at least two rotatable
telescoping barrels and one of the at least .two linear
movable telescoping barrels which projects most among said
at least two linear movable telescoping barrels.

' According to yet another aépect of the present
invention, a zoom lens barrxel is provided which comprises a
a first rotatable telescoping_'barrel which moves in. an
optical axis direction when rotation is given thereto, a
first linear movable telescoping barrel which is moved in
the optical axis direction by rotation of the first
rotatable telescoping ) barrel, a second rotatable
telescoping barrel which moves in an optical axis direction
when rotatioﬁ is given thereto, a second linear movable
telescoping barrel ghich supports the first rotatable
telescoping Dbarrel and is moved in the optical axis
direction by rotation of the second rotatable telescoping
barrel, a rotatiocn trapsmitting means which transmits
rotation of the second rotatable telescoping barrel to

the first rotatable telescoping barrel.

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

'dgtail with reference to the accompanying drawings, in

is Sheet Has Been Replaced
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is fixed to a rear lens group supporting frame 24. The_rear |ens group

supporti ng frame 24 is prOV|ded with |inear keys 24a

respective rear Ho—geH-ei-Ng sl ots 18b.
on each of the linear k‘é@/§”§ﬁ'ﬁfﬁ\$k&%ml e helicoid

“with the mal e helicoijd 22z:RERLACERmM gr opvés 15d in whi

their

Rl Sa sl S s
aWh|3: H UHL el9gggef
NECTTVE _gam

pins 24b are fitted, are rornmed onm the inner periphery of the second

t el escopi ng barre

15 in a manner such that the cam grooves 15d -are forned

on the femghgdigddicoid 15c.

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

Fig; 2. is an expanded portion of the stationary
barrel of the telescoping type zoom lens barrel shown in
Fig. 1, showing the relationship between the leading slot
and the linear Quiding 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 invention;

Fig. 4 1is an exgloded isometric view of a rear portion
of the telescoping type zoom lens barrel shown in Fig. 3;
Fig. 5 1is 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 1lens barrel shown in

Fig. 3;

Fig. 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

This Sheet Has Been Re;

L [}




Wen the tel escoping barrel of this arrangenent I s assenbl ed,
the -cam pins 24b are first fitted in grooves 22b which are forned on the

" AR SR PLS 240

are fitted in the respectiy qexepeded and th
engaged with the fenmal e he éCE n thils statejf f,e naabaﬂﬂ_ntfggam n the
second tel escopi ng barrel rst tel 'i"r'fr'f"h':'a"r'};'_'é'l""7?
together with the front 8

invention;

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

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

Fig. 10 is a half cross sectional view of the telescoping
type zoom lens 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 tﬁe most extended state thereof;

Fig. 12 is a half cross sectionai view of a telescoping
type zoom lens barrel of the third embodiment of the pfesent
invention showing the_refracted state theredf; 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.

This Sheet Has Been Repl
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‘the front
cam pi ns
gui di ng sl ots 18b, e

25 lens group L1 is noved in the optical axis direction O by the function
of the male -and femal e helicoids 22a and 15¢c and of the l|inear novi ng key

i16b and 18a while the rear |ens group supporting fra -t ogether _with

‘rear lens group L2 is noved in the optical axis di re%tmm; ,r;m&rhf@eg,p g
lens group L1 by the functions of the cam jigroovgs? i t
24b and of the |inear noving 9keys 24a an ﬁd&e;__[_ﬁ_{i_r"_“_,__f_{ ________ r p

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 stationafy portion of
a camera body (not shown). The stationary barrel 111 is
formed integrally to an aperture plate 112 at the ré;r end
thereof. The aperture plate 112 has four 1linear rails;
inner guiding rails 112a and 112c and outer guiding rails
112b and 1124 at the upper and lower portions thereof,
respectively, for guiding a photographing film (not shown).
A linear guiding groove l1llla which extends parallel to an
optical axis O is formed on the inner periphery of the
stationary barrel 111. A leading slot 111b is formed on the
stationary barrel 111. ?he leading slot 111b is formed as a
linear slot as shown in Fig. 2 which inclines with respect
to both the optical axis directioﬂ O and a circumferential

direction of the st&tion@ry.barrel 111.

S
S

to
he

A driving barrel 115 is slidably attached to the

outside of the stationary barrel 111. The driving barrel
115 has a.circumferential groove 115a on its rear portion.
A restriction ring 116 which is fixed to the aperturé plate
112 is held against the circumferential groove 115a.' With

this structure, the driving barrel 115 is able to 'rotafe

‘about the optical axis O but the movement of the driving.



thereby to effect zooming. A driving mechani smwhich gives rotation to the

second tel escoping barrel 15.-will be explained bel ow. RS
driving mechanismtransnits rotation of the rotatable H’Efﬁéﬁ”"@r FHEETR

second telescoping barrel 15. Gear supporting plafes 29 fgjkégg
fixed to-a rear portion of the third tel escopi§g barrfélD Y~y 29’
The gear supporting plate 26 supports a pinion (i.e., Tirst pinton—30~
whi ch is engagedeWw tIi5t heni nier gekicdl . exisf idigecthner igeapyedated wtige

rotatable barrel 12 in a rotatable manner.
Lhe restriction ring 116. A rotation

transmitti ng' groove

115b which extends parallel to the opkical axis O is formed

on the 1inner periphery of the driving harrel L15. N sector

gear 117 is forwmed on the outer periphery of the driving

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

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 telescoping barrel 120.

The rotation transmitting pin 120a passes Lthrough the leading

slot 111b and fits into the rotation transmitting groove

115b. With this structure, when the driving barrel 115

rotates, this rotation is transmitted to the third

telescoping barrel 120 through the rotation transmitting

groove 115b and the votation transmitting pin 120a, thus

the third telescoping barrel 120 moves in the optical axis

direction while rxotating in accordance with the profile of
the léading slot 11Ib. A rotation transmitting groove 120b

.

which extends parallel Lo the optical axis O is formed on
the inner periphery of the third telescoping barrel 120.

(\ first linear moving member 122 is slidably fJ:tte.d
inside the third telescoping barrel 120. An inner £lange

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

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



I rpLhBeesarsiend: df

The pi.nion 30 is placed in a recess 14e which is forne
the third tel escoping barrel 14. A part of the tooth rtion of the pini
30 projects out of the outer periphery of the third tejl escof 19 )barmed  14.
Sincesthe inner gear 12d of the rotatable _barrel 12 is : ng‘ ’99$
such that the inner gear 12d is parall el £d the I eadi ng groove 12c, the

engagenent of the pinion 30 with
portion of the first linear moving member 122 and .a linear

=]

guiding member 122c fixed to the first 1linear moving
member 122. With this structure, the first linear moving
member 122 is relatively rotatable with respect to the
third telescéping barrel 120 and movable together with the
third .telescop‘ing barrel 120 in the optical axis diréction
O. The linear guiding member 122¢ runs along the 1linear
guiding groove 1lla of the stationary barrel 111,
Therefore, when the third telescoping barrel 120 moves ;n
the optical axis direction O while rotatiﬁg, the first
linear movingl member 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 l22a 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.for.med on the €first
linear moving member 122. The leading slot 122b is formed
as a linear slot which inclines with respect t.o both the
optical axis 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 fitted

inside the first linear moving member 122. The mechanical

structure between the £first 1linear moving member 122 and



26 the inner gear 12d is. nmaintained even mhen’jiﬁEZ;thtd==r~
tel escoping barrel 14 is noved in the optica %ﬁﬁﬁ?ﬁﬁﬁﬁﬁﬁmggq by
the rotation of the rotatable barrel 12. A gear tr '
rotation fromthe pinion 30 is supported hetween th Sar- St £.UEW0 pliat es
26 and 27. A final gear 3la of the gear train 31 is fixed oma= [
of ~a rotalfOngebARSMLIdiop PiG! bariél 4LNIENGR3A11G £Re t BamePtdgal

axis O The rotation transmtting shaft 32 has an uniform non
-circul ar-shaped cross, 8651 Ple stationary barrel 111 and the third

telescoping'barrel 120. Namely, a rotation transmitting pin
124a, which passes through the leading slot 122b of the
first linear moving member 122, is fitted 1in the

rotation transmitting groove 120b of the third telescoping

barrel 120, and ‘is fixed.to the second telescoping barrel 124.
With this structure, when the third telescoping barrel 120
is rotated, this rotation .is transmitted to the second
telescoping barrel 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 rétating in accordance with the profile
of the leading groove 122b.

A second linear .moving meﬁber 126 1is slidably fitted
inside the second telescoping barrel 124. The méchanical
structure between the second linear moving member 126 and
the second telescoping barrel 124 is basicaily the same as
that between . the first linear moving member 122 gnd 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 heid between thé rear portion 6f the
second linear 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



t hr oughout

.on the rotation transmtting shaft 32 and rot at abl ¢ Wﬁ@ﬁkbhk
( mﬁﬁrﬁﬂ

rotation t
with {he pi
-the Iinear

e, O R LAkt F TR AR B et RIS

axis direct
i nner gear)

its length. A pinion (i.e., second pinio

e
| i near qui

Batel on Il t Wl q?%gz

ransmtting shaft 32 is supported by th
nion 33 immovable in the optical, axis di
guiding plate 17. Thus, the pinion 33

he

bc’}IS'gel 124 and movable together with the second telescoping
barrel 124 in the optical axis direction 0. The linear
guiding member 126a runs along the linear guiding groove
122a of the first linear moQing member 122. Therefore, when
the second +telescoping barrel 124 moves in the optical axis
direction O while roﬁating,'. the second linear moving member
126 moves together with the second telescoping barrel 124
in the optical axis direction O without rotating but with
a relative rotation with respect to the second telescoping
barrel 124. |

Cam grooves 128 and 129 for moving front and®rear 1lens
groups L1 and L2 in the dp;tical -a_xis direction O in a
predetermined relationship, respectively, are formed on the
inner periphery of the second telescoping barrel 124. A cam
pin 132 is fitted in the cam groove 128. The cam pin 132 is
Eixed to a supporting frame 131 which supports an
annular-shaped shutter block 130 immovable with respect to
the supporting frame 131.- A cam pi_n 134 1s .- fitted in the

cam groove 129. The cam pin 134 is fixed to a supporting

WMLQQ_L§ slidabl e

te 17
t to

b

frame 133 which supports the rear lens group L2. The second

linear moving member 126 supports the supporting frames 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



____“____ ~ s ')

i ﬁ}gﬂ_ﬁ@mﬁm MLT il

f or med on the _.inner periphery of the second tel esco

Accordi ngly, the rotation of the rotatable barre ter QE ggBe
to the second tel escoping barrel 15 through a r ot a
mechani sm 48 which includes the i nner ar 12d,

31, rotation transmtting shaft 32, pinion 33, and inner gear
REPLACEMHVLé%g%g;te movement of the rotational movement of the second

telescoping barrel 124 and the linear 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 mesheé
with the outer periphery of a lens supporting ffame 135
through helicoids 136. A lever 135a which is fixed to the
lens supporting £rame 135, 1is 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 obj;ct distance whereby the 1lens
supporting frame 135, i.e., the front lens group L1, |is
moved in the optical axis direction O through the
.helicoids 136 for focusing. The shutter block 130 includes
shutter blades 13bb which afe opened' and closed in
accordance with the brightness of the object being
photogréphed.

A first telescoping barrel (i.e., inner-most
telescoping barrel) 140 in whiéh the front lens group L1 is
mounted, is fixed to the supporting £frame 131. The first
telescoping barrel 140 is provided at the front end with a
lens protection mechanism 141. The lens protection

mechanism 141 has a plurality of blades which are opened so
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opti cal . axi

-second enbodi nent, it can be seen fromthe foregoi ﬁ ﬁ€ @h@ of
ithe retatable barrel 12 causes the thirgstel escopi 0 bar.r 14Uk o in

‘the opti cal
rotate. Thi

matter where the third telescoping barrel 14 is_|ocated_]
s direction 0. In the tel escoping type @$%£Ee§ gﬂfgﬁﬁgqf this
0

axis direction O and the second tel esc h BAFEel 15— te-
a5 I ebatdx P the f@duigztaqhﬁs@pwgrbaféelub% meélbsedf gt

~and rear lens groups L1 and L2 to nove in the optical

cover the same.

Numerals 144, 145, and 146 designate light
interceptiﬂé members which are provided between the
stationary_barre; 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 telescoping type zoom lens barrel of the
first embodiment of the present invention is actuated ;s
follows. When the zoom lens barrel is retracted, as shown
in the half cross sectional view of Fig; 1A, the rotation
of the pinioh 118 bj the motor 119 in the forward direction
causes the driving barrxel 115 to rotate. This rotation §f
the driving barrel 115 causes the third and second
telescoping barrels 120 and 124 to move forward in the
optical axis direction O while rotating by the same
rotational angle as thaf of ;he driving barrel 115, through

the 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



Fpregdetermned

axis direction O while varying the distance therebet werFn—a—predetern
rel ati-onship thereby to effect zoom ng. Figs. 11 and ﬂB@héWlﬁ ENEISSEEGpiing
‘type zoom | ens barrel having four telescoping barrel for achm

enbodi mrent of the present invention. In 1 i's second i ‘nent e'gggrfs

or nmenbers which are the sane as those inthe first ar rdllgellem are
desi gnated by the sane reference nunerals. In addition, the first, second,
and third tekescemiind biasr elixe’?, té5 thendeHided ntéhelsngplhg muatmb is

menbers thereof are the sane as those in the first
fitted in the leading slot 11llb, the third telescoping

barrel 120 moves in ‘the optical axis direction O while
rotating in accordance with the profile'of' the leading élot
111b. This movemén£ of the third telescoping barrel 120 in
the optical axis direction 0O is tfansmitted to the first

linear moving member 122 whose rotational movement |is

prevented.

When the rotation of the third te-lescoping. barrel 120
is transmitted to the second telescoping 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 O 1is
transmitted to the second linear moQing member 126 whose
rotational movement 1is prevented. The second linear moving
member 126 guides the supporting frames 131 énd 133, that
is, the front and rear 1lens groups L1 and L2 movable only
in the optical axis direction O, and the positions of the
supporting frames 13i and 133 in the optical axis direction
O are determined by the cam g.rooves 128 and 129, which r;\re
formed on the inner periphery of the second‘telescqping
barrel 124. Consequently, the front and rear lens groups L1

and L2 are moved in the optical axis direction O in a

‘'predetermined relationship to effect zooming by the
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arrangenment, A stationary barrel 52 is fixed to a ca

- helitoid 52a and a linear guiding groove 52b which i
optical axis O are formed on the inner periphery of
52. A griving gear 50 including a pluralify of pinio
S 8

composite movement of the linear movement of the first and
second linear moying-members 122 and 126 and the rotational
movement of 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 embodiment
in which the front and rear lens groups L1 and L2 are fully
extended, by the above—exﬁlained actions.. As can be seen in
Fig. 1B, the zoom extension is significantly larger in the
fully extended position when compared with the fully
retracted 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. 1B. A picture can be taken, namely, a
focusing and exposing operation can be effected at any
focal 1length between the above-noted shortest focal 1length
and the 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.1lB, the
rotation of the pinio& ;18 by the motor 119 in the reverse
direction causes the =zoom lené barrel to be brought into
the state shown in the half cross sectional view of Fig. 1A,
that is, the retracted étate, by-following the steps of actions

mentioned above in an opposite way.

Although the telescoping type zoom lens barrel of the



pl aced paréllel to the optical axis 0 and is support ge=—gn= _?-taﬁﬁﬁﬂaby
barrel- 52. The plurality-of pinions 50a each have thg RERBCENET SHEETaNe

fixed on 'the shaft 51 at equal intervals. The shaft pl is rgtat Im
supported by the stationary barr el 52. Predete E JL.69R, || of

the plurality of pinions 50a are placed insigde the s By =52
t hrough a sl.ot (not shown) which is fornmed in the stationary barrel 52 and

extends par gl ' quidififiid CBb ey ft Or' 2UbhN 16RCHARY RAVERL Encle
second rot atabre
telescoping barrel, 1i.e., the first, second, and third

telescoping bafrel 140, 124, and 120, the number of
telescoping barrels may be more than three by adopting the
same mechanical structure that this zoom lens .barrei has.
The easiest way to increase .the number bf telescoping
barrels is to increase the number of 120 type and 122 type
elements_used together.

Moreover, although the telescoping type zZoom lens
barrel of the first embodiment is a type of zoom lens
barrel which has a zooming optical system consisting of
front énd rear lens grbups, the present invention may be
applied to a telescoping £ype zoom lens barrel which has a
zooming optical system consisting of more than two lens
groups.

Furthermore, although the supporting frame 131, to
which the first telescoping barrel 140 is fixed, is moved
with respect to the second telescoping barrel 124 1in the

optical axis direction O. by a cam mechanism including the
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the fourth tel escoping ef@ "LP&/BBEN the opti cal
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tel escoping barrel) 73{i
il
I

respect to the second telescoping barrel 124 by using a
helicoid mechanism therebetween.

Figs. 3 through 10 show a telescoping type zoom lens
barrel having three telescoping barrels foré
second embodiment of the present invention. A zoom  lens
optical system of this second embodiment consists of a
first lens group L1 and a second lens group L2. The first
lens group L1 is a lens group for focusing. Namely, the
first lens group L1 moves in the optical axis direction O
with respect to the second leﬁs group L2 ’c’o bring the zoom
lens optical system into an in-focus state.

A stationary barrel 11 which is fixed to a camera body
{not shown) includes an inner barrel 1lla, an outer barrel
11b, and a connecting wall 1llc which connects the rear end
of the inner barrel 1la with the rear end of the outer
barrel 11lb. A rotatable barrxel (i.e., driving bérrel) 12 is
rotatably placed between the inner and outer barrels 1l1a
and l;b. A linear guiding slot 1lle which éxtends parallel
to thé optical axis O is formed on the 1lnner barrel 1lla.

A gear portion 12a v;uhich extends in a circumfel;'ential
direction of the rotatable barrel 12 is formed on the outer
periphery of the rotatable barrél 12. A minute-pitch male

‘screw portion 12b is formed on the outer periphery of the
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gear -73e . inclines with respect to a C|rcunfe enLLaI_de£%QL+en: f
the stationary barrel 52 and extends parallel to mwﬂﬁcﬁhﬁﬁ Tal e
helicoid 73f, 1in order to be engaged with the pI r A 50a
in a proper manner when the fourth tel escgpi ng barrell pig, moves ikt @ﬁf 29

optical axis direction 0. The fourth tel escopi ng bar ﬂ
rotatable barrel 12 at the front end thereof. A leading

groove 12c¢ which inclines with respect to a circumferential

direction of the i1otatable barrel 12 and an inner gear 12d

which extends parallel to the leading groove 1l2c are

Formed on the innern periphery of Lhe rotatable barrel 12.

A supporting ring 13 is fixed to the front ends of the

inner and outer barrels 1la and J1lb. The supporting ring

13 includes an engaging portion 13a which comes in contact

with the inner periphery of the oufer barrel 1ib, a female

screw portion 1{3b which 1is engaged with the male screw

.portion 12b, and a contacting pqrt]on 13c which comes in

contact with the outer periphery of the inner barrel 1lla.

The supporting ring 13 1is biased toward the statlionary

barrel 11 by a biasing member (not shown), so that the

position of the supporting ring 13 with respect to the

stationary barrel 11 is maintained. A gear portion 134 lis

formed on a part of the outer peripheral edge of the

.supportiﬁg ring 13. The strength of the s;ation;ry barrel:
11, specifically that of the fFront end thereof, is

increased by the supporting ring 13.

A slot 114 is formed-in the outer barrel 11b through-which

a pinion 1if is engagéd with the gear portion 12a. A slot (not
shown) is formed in the inner barrel l1la 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.



the inner gear 12d of the’ flrst arrangenent . The |¢ dlng

inclihes wth respect to a circunferential direct]| @ate:Qf
telescoping barrel 73. The inner gear _73d is f
.l eadi ng groove 73c. The fourth telescoplngﬁﬁurel 73 is prOV|ded on the
i nner periphery thereof mnth a linear guiding menber 44 having a |inear

guiding sl ot (nO%Sﬂ¥RMpd 5%%p§%“cnggkrel 14 which moves in the

optical axis direction O is fitted inside the inner barrel

lia. A guiding projection i4a. which is inserted into the
linear guiding slot 1lleyis 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 projection l4a. A female helicoid 1l4c and a linear

guiding groove 14d, which extends parallel to the optical

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

barrel 14 is moved in the optical axis direction O while
not rotating in aécordance with the linear guiding slot
lle and the leading groove '12c,

A second telesc&ping barrel (i.e., second inner-most
telescoping barrel or cam ring) 15 is engaged through a
screw thread Qith thg third telescoping barrel 14. The
second telescoping barrel 15 is'moved in the optical axis
direct}on 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 rear portion thereof. A linear guiding member

16 is placed in the second telescoping barrel 15. A gear



plate 53 is fixed to the rear end of the |inear guiding [ =44-by screws
(not. shown) with a flange 73g hel d between the rear end mfem.hezw!:&@a!w"
gui di ng nenber 44 and the linear guiding plate 53. The || i near i n ’“I a
53 has a key portion 53a extending parallek to the opti umbtea»?guu
portion 53a |s fltted into the Ilnear QU|d|ng groove S2F=Wth=this—

construction, fourth telesco A h
the stati oﬁHP?%' rPE) 1§?ea§nog‘f’h tH ?r (%ﬁ of77 tllhsz f?%%%?lgéﬁl méngr%r%ﬁte%?‘? 22

and 53 mnth res ect. to
l[? 11neasrt atglv.xcir(ﬁrn% brgénrtgér 16 by screws 19. The second

telescoping barrel 15 is provided with an inner flange 15b
which is held beﬁween the linear guiding member 16 and the
linear guiding plate 17 in a rotatable manner with respect
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 the third telescoping barrel 14. With this
structure, the second_ telescoping barrel 15 is rotatable
with respect to the third telescoping barrel 14 and the
rotation of the linear guiding member 16 and the linear
_guiding plate 17 with respect to the third telescoping
barrel 14 is prevented. Accordingly, when rotated, _i:he
second telescé:ping barrel 15 is moved in the optical axis
direction O wh_ile rotating by the function of the male and
female helicoids 1_5a.and l4c while the linear guiding
member 16 and the linear guiding plate 17 move.together
. with the second telescoping barrel 15 in the optical axis
direction O without rotatiné. |
Linear mo-ving keys 16b _whi_ch eernd parallel. to the
optical éxis O are formed on the linear guiding member 16.
Linear moving keys 18a which extend parallel to the optical
axis O are formed on a front lehs group guiding member 18.

'The' ‘linear moving keys 18a are slidably engaged with the



52 is prevented. Thus, when rotated, the fourth tel ' 3 S
moved in the optical axis direction O by the rotati griRETLAGEASNG 845 !

F2hafel
femal e helircoids 73f and 52a.while the |inear guidi menb n _
| i near guiding plate 30 53 nove together with th g@%@nﬁatﬁ?ggﬁﬂgq
barrel 73 in the optical axis direction 93but do not Totate: -

linear moving keys 16b in the optical axis direction O. A
shutter block 2.0 is fixed to the front lens group guiding
member 18 by screws 21. .The shutter block 20 is fixed f:o a
first telescoping barrel (i.e., inner-most telescoping
barrel or £front 1lens group supporting barrel) 22. Hénce,
the shutter block 20 and the firs't ’celescoping barrel 22
are not rotatable but movable in the optical axis diréction

O.

The shutter block 20 is prévided on the inner
periphery thereof with a female helicoid 20a which meshes
with a male helicoid 23a formed on the outer periphery of a
front lens group supportix_xg frame 23 supporting the £first
lens group Ll. As is well-known, in accordance with an
object distance ihformation obtained from an object
distance measuring device (not shown)_, the shutter block 20
drives the front iens 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 thé front lens group Ll.
through the male and fexﬁale' helicoids 23a and 20a for
focusing. A male helicoid 22a, which 1s engaged with a
female helicoid 15c¢ of the second telescoping barrel 15, is

formed on the outer periphery at the rear end of the first
telescoping barrel 22. The shutter block 20 is provided

‘'with shutter blades 20c which are opened and closed in



The third tel escoping harel—fi_e second | i near novable telescoping
barrel) 14 is fitted ifiHie SHEET HAS BEEN ¢! escopi ng [PREREACHRE h«g{'ggtg’ni
t el escopi ng barrel 14 ifs anRﬂ%A@EDhe optical axis |rect|on
rotat.i on of the fourth Terescoprng—bar+el 73. The pi B, L4bJphsiis i gh
t he above-noted |inear guiding slot (not4shown) for
gui ding nenber 44 and is fitted in the | eading groove 73c. In the

- tel escopi ngcopiiaateen | enthbar kel of bkhyhtseseond enbodineniob M thb%lng
+ driving gear 50 is rotated by a

photographed,  this information being obtained from a

photometering device (not shown). Driving signals are given

to the shutter block 20 thfough a flexible printed circuit board
20d.

Rear lens group guiding slots 18b are formed on the
front lens group guiding meﬁber 18. The. rear len_s .group L2
.is fixed tc; a rear lens group supporting frame 24. The rear
lens group supporting f;a_me 24 is provided with linear keys
24a which are fitted into their respective rear lens group
guiding slots 18b. A cam pin 24b is formed on each of the
linear keys 24a. |

The female helicoid-lSc, which is engaged with the male
helicoid 22a and cam grooves 154 in which the respective
cam pins 24b are fitted, are formed on the inner periphery
of the second telescopi'ng barrel 15 in a manner such that
the cam grooves 154 are formed on the female helicoid 15c.
When the telescopifxg 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 154 and the male helicoid 22a is
engaged with the femaie helicoid 15¢. In this state of
_engagement, when the second telescoping barrel 15 rotates,

the first telescoping barrel 22 together with the £ront
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motor (not shown), the fourth telescoping barre
optical axis direction Owhile rotating. Then, the t hjjRERLACESTHII %@Eﬁar

14 is noved in the optical axis direction O while notjirotati S
the pin 14b guided by the |eading groovgs 73c and the e~ n%]?eg“hnpgﬁ
gui di ng sl ot (not shown) of the Iinear gui di ng nenber EErE=t
second tel esco barrel (U irst rotatable telesco ba eI)
rotated by 1¢® r g‘é’[‘ﬁpon[‘bf jtsne""PESﬁflt H eY’é%cBBltrilﬁafJaraP@sp P‘é : ?;"m?véﬂy
- the optical axis direction O by the rotation of the male and

' the functions of the male and female helicoids 22a and 15c

. and of the linear mdving keys 16b and 18a while the rear

iens group supporting frame 24 togéther with rear lens
group L2 1is moved in the optical axis direction O with
respect to the front lens group L1 by the functions of the
cam 'grooves. 15@ 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. Basically,
this driving mechanism transmits rotation of the rotatable

barrel 12 to the second telescoping barrel 15. Gear

supporting plates 26 and 27 are fixed to a rear portibn of

F3—Fs—rpved=n={ he
r el
of

he

the third telescoping barrel 14 by screws 29. The gear.

supporting plate 26 supports a pinion (i.e., first pinion)
30 which is engaged with the inner gear (i.e., first inner
gear) 12d of the rotatable bafrel 12 in a rotatable manner.
The pinion 30 is placed in a recess l4e which is formed on
the rear end of the th%rd telgscoping 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 124 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



femal ¢ helicoids 15a and 14c. At the sane time, the fi STODTIG
barrel” (i.e., first linear novabl e tel escoping barrel) Fr"ﬁ' %‘?*" F&Th
optical axis direction O while 31 not rotating b the 3 dndtlk 4896 of
the male and female helicoids 22a and 15c and the f EEPIOH ‘of-the-ti-ngar

nmovi ng keys 16b and 18a. The first Ienszgroup L1 is noved together

the inner gear 124 is maintained even when the third
telescoping barrel 14 is moved in the optical axis
direction O by the rotation of the rotatable barrel 12. A
gear train 31 that receives rotation from the pini'on 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 transmitting shaft 32 extending
parallel to the optical axis O. The rotation transmitting
shaft 32 has an uniform non -circular-shaped cross section
throuéhout its length.

A pinion (i.e., second.pinion) 33 which is slidable on
the rotation transmitting'shaft 32 and rotatable together
with the rotation _tfansxﬁitting shaft 32 is supported by
the linear guiding plate 17 with the pinion 33 immovable in
the optical axis direction with respect to the linear
.guiding plate l17.' Thus, the pinion 33 moves together with
the linear guiding plate 17 and the second te.lescoping
barrel 15 in the optical axis direction O. The pinion 33 is
engaged with an inner gear (i.e., second inner gear) 15e
formed on the. i-nner periphery bf the second telescoping
barrel 15. Accordingly, the rotation o0f the rotatable
barrel 12 is transmitted to the second telescopiﬁg barrel

15 through a rotation transmitting mechanism 48 which

includes the inner gear 12d, pinion 30, gear train 31,

rotation .transmitting shaft 32, pinion 33, and inner gear



with the first telescopin‘rgﬁ-gﬁ 22—t opti cal ' ' -
whi | e the second | ens group I chgéhﬂﬁiﬁh opti cal Bﬁﬁhéﬁamﬁﬁﬁﬂﬁﬁﬁf~k)
while not rotating by the f ufBRLAREBT thel 1i near Vi ng ge iﬂiza and
the |inear noving keys 16b and the functign of the canf HeHs. Ag-- B9 gam
grooves 15d. Accordingly, the front and #lar lens gr oups LI and tZ—ca+mve
in the optical axis direction O while varying the distance therebetween in
a predeteriSred msl afpdhem pWiexer f &be zEbATHg. tediggcominthoR@raedel d4cobf ng

type zoom | ens barrel
located in the optical axis direction O.

In the telescqbing type ioom' lens barrel of this
second embodiment, it can be seen from the foregoing that
the rotation of the rotatable barrel 12 -causes the third
telescoping barrel 14 to move in the optical axis direction
0 and the ' second .telescoping_ barrel 15 to rotate. This
rotation of the second .telescopin-g barrel 15 causes the
front and rear lens groups L1 and L2 to ﬁove in the optical
axis direction O while varying the distance therebetween in
a predetermined relationship thereby to effect zooming.

Figs. 11 and 12 show a telescoping type zoom lens
barrel having £four telescoping barrels for a |
third embodiment of the present invention. In this third
embodiment, the parts or members which are the same as

those in the 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 barrel 52 is fixed to a camera body 1-0.
A female helicoid 52a and a linear guiding 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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having five tel escoping barrels, for the third enbod

i nventi on.
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In this third enbodi nent, the parts or ne

sane as those in the first arrangenent and second enbo,lfy@nt

by the sane reference nunerals. In addition, the first|=sex

o VQIEHAE;J gnat“ed
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tel eécopi ng barrels 22, 15, and 14 i ncl utl® ng the assom at ed rrenbers t her eof

are the sa
fourth tel
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fourth tel escoping barrel 73 of { egfcong‘errbodl ment, excetpt inait(ms 50a

tionary arre
each have the same shape and are fixed on the shaft 51 at
equal intervals. The shaft 51 is rotatably supported by the
stationary barrel 52. Predetermined port ions. of the
plurality_of pinions 50a are placed inside the stationary
barrel 52 through a slot (noti shown) which is formed in_the
stationary 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 stati_onary barrel
52. When rotated, the fourth telescoping barrel 73 moves in
the optical axis direction 0. The fourth .telescoping barrel
73 1is 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 inclinés 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 res.pect to a circumferential
direction of the stationary barrel 52 and extends pa.rallel

to the teeth of the male helicoid 73f, in order to be

engaged with the plurality of pinions 50a .in a proper

manner when the fourth telescoping barrel 73 moves in the



an inner gear 73g is fornedren—the—inher—periphery af ki@ Awsks:end:.:of- ﬂhe
fourth tel escopi ng barrel 7BTHISW\SHEEICHASTBEEN |32 the guter lg a %e S tlhe

fourth telescoping barrel 7B. |nREREACEDrd erfbodi menjl,Dae siait), t1 ot 9gar|r el
67 fixed to the canera body —TO—Ts—provided int=ptace—ot_—ihe

stationary barrel 52 of the second embodPment. Moreover, a
optical axis direction O. The fourth telescoping .barrel .73

is further provided- on the inner periphery thereof with a

leading groove 73c and an inner gear 73d, which are similar

to thelleading groove 12c and the inner gear '12d of the
.second embodiment. The leading groove 73c inclines with

respect to a circumferential direction of the fourth

telescoping barrel 73. The inner gear 73d is formed
" parallel to the leading groove 73c.

The fourth telescoping barrel. 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) with a flange 73g held
between the rear end of the linear guid'ing 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 portion 53a is fitted into the 1linear
guiding groove 52b. With this construction, the fourth
telescoping barrel 73 is rotatable with respect to the
stationary Dbarrel 52, and the rota}tion of the 1linear
guiding members 44 and 53 with respect to stationary barrel
52 _-is prevented. Thus, when rotaf:ed, the fourth teleécoping
barrel 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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rotatable barrel (i.e., | THISVEHEET HASIBEEN | 69 is pr JST e
stationary barrel 67 in a hanner]:{@m@g@ hat tihe novene t%fi‘g: ’e‘“"o‘t”'?%%gl]e
barrel 69 in the optical axtrs—dtreet+or—6—+3 prevente It:urghér
fifth:. tel escoping barrel (i.e., third Bbnear novin Dnar'r"h'l"S """ ﬁn“'f‘ﬁ""
provi ded which is supported by the rotatabl e barrel 69. The fourth
t el escopi ng si3armete 7 Xogest g agadhi ht el glEomraer eve 1 és eopli vg t batrirelf i73hin
tel escopi ng barrel 60. The structure of the stationary barrel -67,
rotatabl e haer pti®Rl aXiG difddtict axaap i vy eotédd.s simlar to that
of the stationary

The third telescoping barrel (i.e., second linear

..————\-I’__—-H—.

movable telescoping barrel) 14 is fitted inside the fourth
telescoping barrel 73. The third tele_scoping barrel 14 |is
moved in the optical axis 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 barxrrel 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 telescopipg barrel 14_ is moved in the optical
axis. direction O while not rotating by means of the pin 14b
gdided by the leading groove 73c¢ and the -above-noted linear
guiding slot {(not shown) of the linear guiding member 44.
At this time, the second telescoping barrel (i.e., fifst
rotatable telescoping barrel) 15 is rotated by the rotation
of the fourth telescoping.bafrel 73 and is mO\;ed in the
optical axis direction O by the_ rotation of the ;nale _and
female helicoids 15a and 1l4c. At the same time, the first
telescoping barrel (i.e., first linear movable telescoping
barrel) 22 is moved in the optical axis directic_m 0 whiie

\
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barrel 11, rotatable barrel
first arrangement The mal ' R@L@Sﬁ:ﬁfmm&m
73" meshes with a female h megb%EEhlchlsforned on th 1,

peri phery of the fifth tel escopi ng ba ! The key FﬁlaztdLSn 5ﬂ§- cﬁgﬁh
| inear guiding plate 53 is fitted in a |inear guiding
formed on theyl n%l’taeer.e,phe,q,y @fhat hguhiskithnt ebescami ngndws r &dn0. rebiditee the
fourth tel escoping barrel 73" is rotatable with respect to the fifth

- tel escopi ng1Raneekad02and ahle ymif atidnrd thi@:tion of the linear moving

keys 16b and l}8a. ‘The fFirst lens group L1 is moved together

with the First telescoping barrel 22 in the optical axis

dirtection O while the second lens qronp 1,2 is moved in the

optical axls direckion 0O while not 1otating by the

function of the linrar moving keys 24a and the linear

moving keys 16b and the function of the cam ping 24b and

the cam grooves 15d. Accordingly, the front and rear lens

groups L1 and L2 can move in the optlcal axils dlrection O

while varying the dislance therebeltween in a predelermined

olationshlip to effect zooming.
Fig. 13 shows a telescoping Lltype zoom Jlens barrel

having £five telescoping barrels, for - the Ffourth

embodiment of the present Invention. In this Eourth

embodiment, the parts or. members which are the same as

those in the second and Lhird embodiments are designated by

the same reference numerals. In addition, the first, second, and

third telescopllig barrels 22, 15, and 14 including the

associated members thereof are the same as those In the

second or third embadiment. A Ffourth telescoping barrel 73°
in this fourth embodiment {s the same as the Fourth

telescoping barrel! 73 of the third embodiment except that

an inner gear 73y is formed on Lhe inner periphery at the

rear end of the fourlh Lelescoping barrel 73' in place of

-
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53— 33 Wi th

l'i near guiding menber 44 anpdi; SHE hng pl at ez

respect to the fifth el eség | %ﬁ 60 is WWRGEQ@&NTS RET l
Accordi ngly, when r ot ated, EDfourth tel esco Di ng arre 73' S
moved in the optical axis direction O while rotat| Dgtehy.s eJlﬂbn}Qgﬁof of
the male and femal e helicoids 73f and 6032 whil e the |Yresr—guish

the outer gear 73e of the fourth telescoping barrel ?3.

In the fourth embodiment, a stationary barrel 67 fixed
to the camera body 10 1is provided in place o0of 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 manner such that. the
movement of the rotatable barrel 69 in the optical. axis
direction O is prevented. Furthermore-, a fifth telescoping
barrel (i.e., third linear moving barrel) 60 is provided
which is supported by the rotatable barrel 69. ;I"he fourth
telescoping barrel 73' is engaged' through a écrew thread
with the fifth telescoping barrel 60. The structure of the

stationary  Dbarrel 67, rotatable Dbarrel 69, and fifth

telescoping barrel 60 is similar to that of the stationary

barrel 11, rotatable barrel 12, and third telescoping

barrel 14 of the second embodiment.

The male helicoid 73f of the fourth felescoping barrel
73' meshes 'with a female helicoid 60a which is formed on
tt.1e inner periphery of the £ifth telescoping barrel 60.
The key portion 53a of the linear guiding plate 53 is
f_itted in a-linear guiding groove (not shown) formed on the
inner periphery of the £fifth 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

This Sheet Has Been Repl
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menber 44 and the |inear guiding plate'53 nove together_with the fourth

tel escoping barrel 73" in the optical axis direction Al ) 8- 000 -
rotating. A pin 60b, which passes through a linear Rngé?hﬁ“ﬂiﬁﬁﬁﬁTe e
and dis fitted in a leading groove 69¢, is fixed to qu8el Jbr itggger
of the fifth tel escoping barrel 60. The g?ationary bar 1 3§f7TFﬁFFﬁﬁﬁ¢"aw

et barr ey, pfa. Aol Of eobalifl  8{Ren ANy dodidiiiPc!bifietal loo 075

. W
whi ch connecf the Tear end of the inner e rear end o

the outer bSEé?Ln ZQL The r%%%&%ﬁf%gﬁ%ﬁre'dﬂ%dfs rotated, the fourth

telescoping bérrel 73" is moved in the optical axis
direction O while rotating_by the funﬁtion of the male and
female helicoids 73f and 60a while the linear guiding
member 44 and the linear guiding plate 53 move together
with the fourth telescoping barrel 73' in the optical axis
direction 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
fifth telescoping barrel 60.

The stationary barrel 67 includes an inner barrel 67a,
an .outer .barrel 67b, &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
inner barrel 67a. A gear portion 69a which extends in a
circumferential direction of the rotatable barfel 69 is
férmed on the outer p;riphery 6f tﬁe rotatable barrel 69. A
minute-pitch male screw portion 69b is formed on .the outer
periphery .6f 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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69a i ch ext ends
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above-noted |inear guiding sl'ot 67e which extends paral

axis, 0 is formed in the inner barrel 67a. A gear portio

in a eircunferential direction of the rotgfable barrel

outer periphery of the rotatable barrel 69. A m nute-pi ‘

portion 69b:4ea{QTEA HELELE B Clare! LANCLYNOE dUad OBADLALRAI T gk BRaat
ea 69cC

~the front end thereof. e above-not ed I ng groove I ch.inclines

with r ESp;?&}anéP t% E}iiécqgfa%ri?ﬂt i&zloovéii éggt iaQ'@: Pgrmeé hgn the inner

periphery of the rotatable barrel 69.

A supporting ring 70 is fixed to the front ends of the
inner and outer barrells'67a and 67b. The supporting ring 70
is similar to the supporting ring 13 of the second
embodiment. The suéporting ring 70 includes an engaging
portion 70a 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  portion 69b, and a
contacting portion 70c¢c which come.s 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 stationary barrel 67
is maintained. A slot- {not- shown) through which a pinion
(not shqwn) is engaged with the gear portion 6%a is formed
in the outer barrel 67b. A slot (not shown), through which
the pin 60b passes to fit in the leading groove 69c and
through which a pinion 66 is engaged with the inné_r gear
69.d,is formed on the inner barrél 67a.

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

This driving mechanism basically transmits rotation of the

rotatable barrel 69 to the fourth telescoping barrel 73°'.



34 rotatable barrel 69 and an inner gear 69d which ext
| eadi ng groove 69c are forned on the inner periphery o HHﬁLﬁXﬁ@ﬁ%&ﬁmﬁkT

barrel 609.

outer-barrels 67a and 67b. The supporting r|ng 70 is

supporting

A supporting ring 70 is fixed to the front

nds of n
teta ard 4 JUL. 6
ring 13 of the second

Gear supporting- plates 64 and .63 are fixed tq a rear
portion of the fifth telescoping barrel 60 by screws (not
shown). The gear supporting plate 64 supports the pinion 66
which is engaged with the innef gear 69d of the rotatable
barrel 69 in a rotatable manner. The pinion 66 is placed
in a recess (pot shown) which is formed on the rear end of
the fifth telescoping bar;el 60. A part of the tooth
portion of the pinion 66 projects out of the outer
periphery of the fifth télescoping barrel 60. Since the
inner gear 69d of the rotatable barrel 69. is formed in a
manner such that the inner gear 694 is parallel to the
leading groove 6904 the engagement of. the pinion 66 with

the inner gear 69d 1is mwaintained even when the £fifth

_telescoping barrel 60 is moved in the optical axis

direction_ O by the rotation of the rotatable barrel 69.
A gear train 65 that receives rotation from the pinion 66
is supported between the gear supporting plates 64 and 63.
A fir;al gear 653_ of the gear train 65 is fixed on a rear
portion of a rotation transmitting shaft 61 extending
parallel to the optical axis O. The rotation transmitting
shaft 61 has an uniform non -circular-shaped cross section
throughout its length. |

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

rotatibn transmitting shaft 61 is supported by the linear



enbodi ment. The supportlng|3 SHEEQ' HX® BeERd! udes  an engaging portion 70a
whi ch conmes in contact wit h@cbDREED per| fghery of t er_barrel 67b,
female screw portion 70b mﬂh +s—ehgagedd with t %EMbgw;éﬁr%ET
portion 69b, and a contactlng portlon 70c whi cones ct

~with the outer periphery of the inner3Barrel 67a. @agu@)drﬂﬂbgﬂﬁﬁ_qg 70
I.s biased toward the stationary barrel 67 by a biasi

so that thegoxpmﬁg %wéetb@ SWRRAT thagpﬁhman7@zvxbéhnqesﬁmeoabmet RR the
stationary Dbarrel i s maintained. A sl ot (not shown) through which a

pi ni on optical axis direction with respect to the linear guiding

platé 53. Thus, the pinion 62 moves together with the
linear guiding plate 53 and the fourth i;eiescoping barrel
73 in the optical axis direction O. The pinion 62 is
engaged _with the inner gear 739 of the fourth telescoping-
parrel 73'._I\cco,rding'1y, the rotation of the rotatable
barrel 69 is transmitted to the fourth telescoping barrel
73" through a rotation transmitting mechanism 68 which
includes the inner gear 694, pinion 66, gear train 65,
rotation transmitting shaft 61, pinion 62, and inner gear
73g, no matter where the Ffifth telescoping barrel l60 is
located in the optical axis direction O.

In the telescoping type =zoom lens barrel o_f. this
fourth embodiment., when the rotatable barrel 69 is rotated
by a'motor (not shown). the fifth telesco_pi.ng barrel 60 is
moved in the optical axis direction 0 while not rotating by
means of the pin 60b guided by the leading groove 69c and’
the linear guiding slot 67e. At this time, the fourth
telescoping barrel 73' -is rotated by the rotation of the
rotatable barrel 69 and is moved 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 barrel 14 is moved in the optical axis

direction O while not rotating. At this time, the second
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(not .shown)

t he | eadi ng groove 69c and _thro R pinion B6 is dyapet O [} he
i nner “gear 69d,is forned on the inner barrel 67a. A d‘i&ﬁtmgigezﬂgngm-w ch

et re—t}

i s engaged wi tfiT ] e [op 69a is fmrred=r=the—outer
67b. A slot (not sHo ??% Wﬁg%gﬁhgﬁw,h t he pi n|j CREPLAQEMEENT SHEET (| n
6 h

gives rotation to the fourth tel escoping barr’el 73 F—Heexpf ar ned-

bel ow. Thi s

driving, nechani smbasically transmts,6 rotation of th

rotatabl e badrSEESEP I t n€HF&L h E@Iegébpiﬂﬁvgérréf'73 he  optical axis

direction O while rotating by the rotation of the £fourth
telescoping barrel 73'. At the same time, the first
telescoping barrel 22 is moved in the optical axis
direction O while not rotating. The first lens group L1 is
moved together with the first telescoping barrel 22 in the
optical axis direction 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 tbe cam grooves 15d.
Accordingly, the front énd rear lens groups L1 and L2 can
move in .the optical axis direction O while varyihg 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

_ . , v,
telescoping barrels was file. 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 o.

" This Sheet Has Been Replaced -




are fixe 'to a rear portion

35 CGear supporting pl ‘
of . the. fifth tel escoi WYStEHEEEIHASSBERY [screws (n [ ear
supporting plate 64 sugportsREPIAQHDNI on 66 which is eﬁ%&@@ﬁa nner
gear .69d of the rotata ; rot at abl e gtner nﬁl_pkdgb 766 S
placed in a recess (not shown) which is fggnmed on Lear--eli ot hejififth
‘tel escoping barrel 60. A part of the tooth ‘”::““~;::L

CLAIMS:

1.A zoom lens barrel having a plurality of lens groups
which are moved with fespect 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 teiescoping barrels which are moved in
a direction o0f said optical axis by rotation of said
driving barrel. wherein each of said telescoping barrels
which is mounted on an inner periphery of a previous
.telescoping barrel of said telescobing 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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portion of the pinion @&—pro; ] of thell ﬁgﬁﬂ{;&q_@mpgg@g;&

the fifth tel escopi ng barr IT%SL‘J@E‘F%%%“N hner gea 69d6§f the rotataple
barrel 69 is formed in a ndnner BERIAGERat ¢ i nner e@rmd’lﬁpmm{ to
t he leadi ng groove 69c, the~engagenent of e pinion -55:&---t—h—-t-he—-i--nnen_-l ear

69d i s maintained even when the fifth tel escoping barr el Is noved
in the op

60
i cal xis directjon by .t he tati,on t rpta r el
69. A gear %?g?ﬁc%g PHat _qfae%re vesp%‘f‘éfli onaéfaocn?'ithe g{)ni %ﬁaiéjg i%ggégp—)@rg%éd
bet ween thet %%Eéﬂjﬁ%gtﬁé¥¥éﬂf%5§b§% é”ggfgirear 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 groups in said optical

axis direction in a predetermined path while varying a distance

thexe between.

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

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

at léast two linear movable telesf:oping barrels which
are moved in said optical axis direction while not rotating
about said optical axis by rdtation of said driving barrel,
wherein said at léast two linear movable teiescoping
barrels support said plurality of lens groups in a manner
such that sald at least two linear movable telescoping

barrels are movable in said optical axis direction with

-
Has Been Re;illai:ed

i




A final gear 65a of the Tei8rSHER fixed on alf QLr.Con ol d
rotation transmtting shafREp@ s §%$E I ng parall g %%FBR W?gé :T

axis 0. The rotation —transH *f' aft 61 has |ap | unl fﬂ)ﬂmJUl ri996
-circul ar-shaped cross section throughouGOits | engtjh. A" pinion 62
whi ch Is slidable on t he rotation transmtting shaft 61 and

. rotatable {egpbber t¥itBaibiheatotpéadn tHaNSMilddal moab1el ka184RBRHHhEd
by the linear
barrels;

an inner-most telescoping barrel that is fitted
inside one of said at least twb rotating telescoping
barrels which is placed closest fo said optical axis among
said ét least two rotéting telescoping barrels, wherein
said inner-most telescoping barrel is moved in said optical
axis direction by rotation of said qpe of said at least
two rotating telescoping 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 lens barrel 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

said optical axis direction by a rotation of said second

" telescoping barrel; and,

Thls Sheet Has Been Reﬂ
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noves together with the TTT qiidifig pl dte 53 and fhe fouw §hhel.escopil ng
in the optical axis diredtion O T eDatpi:-g-szmG-igﬁg-s

barr el

engaged with the inner gear 73g of the fourth tel esc

73'

Accordingly, thea rotethaenonof tithasmietahgbl embansel f£6P isttamt&éim@l
to the fourth tel escoping barrel :

rotation of said rotatable barrel to said second

telescoping barrel.

6.A zoom lens barrel according to claim 5 wherein said
rotation-transmitting means compr{;es:

a fifst pinibn which is supported on said first
telescoping barrél in a rotatable fashion with a éortion of
said first pinion positioned on an outer periphery of said
first telescoping barrel;

a first inner gear thch 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 pinion is always engaged with said first inner

. gear;

a . second inner gear which is formed ﬁn an inner
periphery of said second telescoping barrel;

a second piniqn which 1is supported on said second
telescoping barrel so that said second pinion 1is always

engéged with said second inner Qear:

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.

) IIIjI L LT
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73" through a rotation‘T [ A hanisn1f68-mthh_ngLudes t he
I nner gear 69d, pinion ) Vit t 65, rQt BEPORGEMR0S M LLT N
shaft 61, pinion 62, and tnner 2ACEBg, no| matter ere Lea?§ﬁﬁhtr )

tel escoping barrel 60 is located In the,oQ{%cal axi SDGGEHHHL“
tel escopi ng type zoomlens barrel of this i rd enbodirent—WIeEl _
rotatable barrel 69 is rotated by a notor (not shown), the fifth
tel escoping barrel 60 is noved in the optical axis direction O while not

rotating by means;of LB&mPhBnEOBagvbiedcBYrhifg! €8dLRE iR 80WReFRAABAid

gear mechanism inclﬁdes a gear train and a rotation
transmitting shaft which extends parallel Eo said optical
axis and on which a final gear of said gear train is fjixed;

wherein said first pinion is engaged with said gear . train;
and wherein said second pinion is .slidably fitted
on said rotation trgnsmitting shaft, with said second piniop

being rotatable together with said rotation transmitting 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 §£étionary barrel{

a movable lens group including at least front and
rear :‘lens groups;

a first telescoping barrel which moves in an
optical axis direction with respect to éaid stationary
barrel;

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

telescoping barrel; and

a front lens group supporting barrel which moves in

et Has Been Replaced
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whi |l e not

the Jinear guiding slot time,
_ is rotated by thgﬂégb S ?Eme rotata |BEBm¢mamsp,agT|
noved in the optical axis direc rotatln by th 9unct|on 0
mal e and femal e helicoids 73f and 60a. Ataghe sane {|iPae: LSE r%%m
tel escoping barrel 14 is noved in the opticaF—ax
rotating. At this tinme, the second
said optical axis direction with respect to said second

telescoping barrel;
wherein séid movable lens group is supported by said

front lens group supporting barrel and said second

telescoping barrel.

10. A zoom lens barrel comprising:-

at least two rotatable telescoping barrels and two
linear movable telescoping barrels which are concentrically
and alternately arranged,

wherein said at 1least _two rotatable telescoping
barrels are each moved along an optical axis while rotating
about said optical axis when rotation is applied thereto,

wherein said at least two linear movable telescoping
barrels are each movable élong said optical axis and not
rotatable about saidIOptical axis,

and further wherein each of said at least two linear
movable telescoping barrels is moved along said optical
axis by rotation of one of said at least two rotatable
telescoping barrels thch is adjacent to said each of said
at least two linear movable_telescoping barrels;

a rotation £ransmitting 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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37 telescoping barrel 15 |i gn b opti
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while rotating by the rotati

the sane time, the firstl rplp arrel 2 - t e
optical axis direction 0 while not rotatung. The filrst=tenS" : ”*n-L'
noved together with the first telescoping barrel 22 in the optica
direction O while gt e, 3ac00d )l PP !tacuﬁdmagecae 1686t ORY | £Abn8Xilens
direction 0 while not rotatlng y function of the Ilinear noving keys

24a and 16b a%%pthgnd 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

said at least two rotatable telescoping barrels and the one of
said at least two linear movable telescoping barrels capable of
projecting most among said at least two linear movable

telescoping barrels.

11.A zoom lens barrel acécording to claim 10 further

comprising a driving barrel 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'app1ied 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 telescﬁping barrél which mbves in
an optidal axis direction when rotation is applied thereto;

a- second linear movable telescoping barrel which
supports said first rotatable telescoping barrel and is

moved in said optical axis direction by rotation of said

This Sheet Has Been Repllaced
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functi-on of the cam pi ns 24l i the-camgreeyes 15d. Accordingly, the
rear |ens groups LﬂigﬁéhggT BERN:| i n ptLLaL*maXLsm

front and
direction

relationship to effect zoom ng. As can be S€én fro
third enbodi ment of the present. |nv§§t|on,
tel escoping barrels was five. However

than five

ned
he

0 while varyin 'trmﬁEﬁM¥EBce t hpr ebet h A iNeEser

oregol ng, In

Syt

nunber
by providi ngrepeatedl ysimlar nechanical structures including the

second and segoinid irelteteddienddlmsamipdng barrel;

a rotation transmitting means which transmits
rotation of said second rotatable telescoping barrel to

said first rotatable telescbping barrel.

13.A zoom lens barrel according to claim 12 further
comprising a movablé lens group which includes at 1least a
front lens group and a rear lens group, wherein said front

and rear lens groups are supported by said first rotatable
telescoping barrel and saia first linear movable

telescoping barrel.

14.A zoom lens barrel substantially as hereinbefore

described with reference to the accompanying drawings.
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15 and 73, and the rotatable barrel 69, which are all_rotated by being

given rotation, and the first, third, and.fifth tel gﬁkgu; i 14,
60, which are not rotatable but movabl e only in thefjopfi¢at® %ﬁgsﬁﬁﬁb i on
B Y301 JE"Tadg O4PS

0. -38 CLAIMs: 1. A zoom | ens'barrel having a plu
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ABSTRACT
ZOOM LENS BARREL

A zoom lens barrel has front and rear lens groups (L1, L2)
which are moved with fespect to one another in a predétermined
path. A driving barrel (12) is rotatable about an optical axis
of the lens group. Three telescoping barrels (14,15,22) are
moved in a directioﬁ of the optica;.axis by rxrotation of the
driving barrel. Each telescoping barfel is mounfed on an inner
periphery of a previous telescoping barrel and travels a gréater_
distance in the optical axis direction than the previous
telescoping barrel. The lens groups are moved in the optical
axis direction by movement of the three telescoping barrels in

the optical axis direction.

[FIGURE 10]



whi ch, are noved with respect to one another in a predeterm ned path, the
barrel conprising:- a driving barrel for rotation abpe—ar—eopticar—ax
said plurality of lens groups; at least three teIeSC|ﬁEﬁ}N&§Mﬁﬁﬁ£hﬁﬁ%
noved.in a direction of said optical axis by rotatiofp of s
AR

barrel, wherein each of said tel escoping barrels whigHais: ro

“inner periphery of a previous tel escoping barrel of s

barrels travel s a greater distance in said op¥ildal axis direction than said
previ ous tel escoping barrel;
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and, a lens group driving neans for noving said plurality of |lens groups in
said optical axis direction by novenent of said at least three telescoping
| barrels in said optical qxi_s direction. 2. A zooml| eﬁépﬁf@é&lﬁmﬁgﬁgéfl ng to

claim1, wherein said plurality of |ens groups incluges a Tront nos gns
group and a rear nost |ens group; wherein an inner-.mﬁ,ttetgqs'ﬂﬁgi bafr el
of said at least three telescoping barrels, which i s_placed cFose8¥ 1 d| said
optical axis, supports said front nost heng3 :

Fig. 2
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group:therein; and wherein a second inner-nost telescoping 39 barrel
pl aced adjacent to said inner-nost telescoping barrelf —Sae=
-nmost | ens group therein. 3. -A zoom |l ens barrel accorilREGLAGEHERT ISHEET
wherein said second inner-nost tel escoping barrel conprise ring

Dd‘reo;.ia.’céﬁmlggﬁ...

noving said front-nost and rear nost |ens groups in

3713




axis direction in a predeterm ned path while varying a distance there

between. 4. A zoomlens barrel having a plurality of | r '

nmoved with respect to one another in a predeternm ned PatghLACERIRAOMEENS

barr'el "conprising:- a driving barrel for rotation abolit an £tical axi s
c

said plurality of lens groups; at least two rotating | el@escabi ilndUbai9ge!

- whi ch are npved in a direction of sai défrf, cal axis Eat-ati-ng-—aboul
said optical axis by rotation of said ~ng barrel; :

13d(13e)

Fig. 4



at least two linear novable tel escoping barrels which are noved in said
optical axis direction while not rotating about said optical axis by
rotation of said driving barrel, wherein said at | : '

tel escopi ng barrels support said plurality of len
that said at |east two |inear novabl e tel escoping
said optical axis direction with respect to said
movabl e tel escopi ng barrels; 5713

abl e
REGUACEMBNE SiilTet| such

arrel r | & in




4 0 an inner-nost telescoping barrel that is fitted inside one of said at
| east two rotating tel escoping barrels which is placed closest to said

optical axis anong said at |east two rotating tele &%B o pl rsx;_{

wherein, said ‘inner-nest telescoping barrel is nmoye ?‘%ggaaﬁimgrrop =“r‘l'%gc;ra axi s
diréction by rotation of said one of said at |east .mter_(ﬂ dt Job 96 esqopi ng
barrels with respect thereto; and, a |l ens group drijwng BEans For_nbviing
said plurality of 6/13 '

23a(23)

23b
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| ens groups in said optical axis direction by novenment of said at |east two
rotd&ting tel escoping barrels in said optical axis direstton—5—#
barrel conprising:- at |east two rotatable tel escoplinBERATENENBEHEETO
| i near novabl e tel escoping barrels which are conceniri cal3y1a :
arrdanged; wherein said at! | east two rotatabl e tel esqopaiag-har
noved al ong an optical axis while rotating about sar4d e
~rotation is applied thereto,

71713

-ection r—A=—zgom | ens




wherein said at |east two |inear novable tel escoping barrels are each
movabl e al ong said optical axis and not rotatable about said optical axis,
and further wherein each of said at |east two |inear nfjV el QORI

barrel's-is noved along said optical axis by rotation o e}%&"“éﬁ“%fg‘g
Ieast. two rotatable tel escopi ng 41 Date - 310 1996

8/13 :




barrels which is adjacent to said each of said at |east two |inear novable
tel eScoping barrels; a rotation transnmitting neans which transnits rotation

of one of sai.d at- | east two rotatable tel escopi ng bar i ottret
sai d.at "l east two rotatable tel escoping barrels; and q#§35&éyLﬁ#§“%F%

i ncl udi ng at least a front |lens group and a rear |ens Q{ng)ups Yvhfu wai
front and rear |ens groups are supported_b he one of_sai.d at T'east™%-
rotatabl e tel escopi ng barrel s capabl e of 9 ;fy5 ecting nost am)ng sal d at

| east two rotatable tel escoping barrels and the one of said at

Fig. 9
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| east two |inear novable tel escoping barrels capabl e
among said at least two |inear novabl e tel escoping ba
barrel according to clarm'5 further conprising a dri
rotates about said optical axis, wherein said drivin
rotation to said one of said at |east iao tatabl e

A zoom |l ens barrel conprising:- an out r ot at abl|

of projecting nost
rrels. 6.

A zoom | ens
Loes L

REPLASEGENT BUEET
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when rotation is transmtted thereto; a second ou

tel escopi ng barrel which is noved al ong said opti

about said

bar rel

-

42 opti cal.

axi s
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HEPLRACEMENT A

by a rotation of _saidi dutepgpst
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rotatable tel escoping barrel; a second innernopst HER ‘abte~tel-eScopi
whi ch _
11 /13 "
—— HE ——e - ——
N
Yo o
N[
gl
(10
1 | o~
Lﬁ:-__,]p E_, o
Q '
m\r T .
Ot
L0 H .
—llis = '
i o \
o b (] P @)
o—u ~
O G .L i I
(Te) 1 t~ !
I s
N8 S T Il
R
/D:l 3
Ne £ S I -4 ©
-— oy e
o, M O~ 18
aé Ve b\
!: - 1]
o I —]_.—,- ‘[/'
r~ P $ 134 _‘ % o o
A LUE
~— <aipkiliR i
| L[. \O
Y N~ ™
. o _ :“= ~t '
o) R O |
o omn 'S) | ._("')
L 3 7 |
- _
o~ ¥ ™
N t .]/C’) £U
ﬁ/\ - — 2
U_— « g, ":__/
1Y) 2
o __|
w
© sill
a MRF
C\;rl,
|9
0 —1
e
IR
o~
S —1
<
q—

~




moves, al ong said optical axis while rotating about said optical axis when
rotation is applied thereto; an innernost |inear novabl e tel escoping barrel
whi ch is noved al ong said optical axis w thout rotating about said optical.

axi s by a rotation of said second innernost rotatabl ¢ ing barrel;
and.a ratation transnmtting -neans which transmits s (REFMKGEWQﬁTQ&x
:outernnst tel escoping barrel to said second innernost rotatable tefesc pi ng

barrel. 8. A zoon1|ens barrel according to claim?7 ”
12 /13

poeterd. 1 JUL. 1995 ..

Fig. 12

/50
?152a 73f 7§e l
! : L1 93a
1 /
QR 1Y N DR W = -
WA
73 T [J3=14b || |53
Ll e 14d 192 17ay r‘_—;ﬁ }——

(< ym—
211 1k == /7

A - 7

16 /"’/———/ l/—Pf { / 7 / /|
- 20d - 22a 15¢ 32 15b

[

[
1/

1 23a 20a 20 20c




conprising a povable | ens group which includes at |east a ffont | ens group
and & rear lens.group, wherein said front and rear |ens groups are '
supported by said innernost |inear novable tel escopi ng=Farfer and Salf
secopd innernost rotatable tel escoping barrel. 9. A oﬁﬁw"&?@"'“@mé‘%‘%
substantially as hereinbefore described with referencg to FQQFVM Jge 1 2
and 11 to 13 of the acconpanying draw b39.13 | Date %0 ¥+ .. ]

Fig. 13

L2

20c

|20
z20a

3a

23 / 2
i




43/ " JUL 1996 said optical axis direction with respect to said
second tef{ escoping barrel;. wherein said novable | ens group is supported by
said front | ens group supporting barr el and sai d second
tel escoping barrel. 10. A zoomlens barrel conprisingz_al. [€ast_two
rotatable tel escoping barrels and two |inear novable ¢ RF *ﬁ@&?ﬁf B
whi ch are concentrically : Date : N

o

optical axis direction by rotation of the one of -the at
least two rotating telescoping barrels with respect
thereto, and a lens group driving means for moving the
plurality of lens groups in the optical axis direction by
movement o©of the at least two rotating telescoping barrels

in the optical axis direction.



and al tke'rnately arranged, wherein said at l|east two rotatable

tel escoping barrels are each noved along an optical axis while rotating
about said optical axis when rotation is applied thgFere—
| east two |inear novable telescoping barrels are ea hRﬁB%{bif"éEﬁT@ﬁgEsa d

axis and not rotatable about said optical axfis, f wh
each of said at least two |inear novable tel escopin %@FPr Icss 'ﬁ@m

opti cal

at

said optical axis by rotation of one of said at | east two Totatabre—

According to yet another aspect of the present
invention, a zoom lens barrel is provided which comprises
a'l; .least two rotatable telescoping barrels and two 1linear
movable telescoping barrelsl which are concentrically and
alternately arranged, wherein the at 1least two rotatable
telescoping p_arrels are each moved alon-g an optical axis
while rotating about the optical axis when rotation is
given thereto, wherein the at least two 1linear movable
‘telescoping barrels are each movable along the optical
axis and not .roti:atable about the optical axis,i and further
wherein each of the at least two linear movable telescoping
barrels is moved along the optical axis by rotation of one
of the at least'two rotatable telescoping barrels which is
adjacent to the each of the at least two 1linear movable

telescoping barrels, a rotation transmitting means which

~transmits rotation of one o0of the at least tw_o rotatable

telescoping Dbarrels to another of +the at least 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

by one of the at least two 'ro_tatable telescoping barrels
which projects most among the at least +wo rotatable
telescoping barrels and one of the at least two 1linear
movable telescoping -b.arrels which projects most among said

at least two linear movable telescoping barrels.

rein
| ong



t el escoping barrels which is adjacent to said each
| i near novabl e tel escoping barrels; a rotation:
whi ch transmts rotation of one of said at |east
tel escopi ng barrels to another of said at Ile
tel escoping barrels; and 44

af—said

WO ro
Tate :.

mmmim Sf‘u?_

6

According to yet another aspect of the present invention,
a zoom lens barrel is provided which comprises an outermost
rotatable telescoping barrel which moves along an optical axis
while rotating about said optical axis when rotation is
transmitted thereto;

a second outermost linear movable telescoping barrel which
is moved aiong said optical axis witﬁout rotating about said
optical axis by a rotation of said outermost rotatable
telescoping barrel;

a second innermost rotatable telescoping barrel which
moves along said optical axis while rotating about said optical
axis when rotation is applied thereto;

an innermost linear movable telescoping barrel which is
moved along said optical axis without rotating about said
optical axis by a rotation of said second innermost rotatable
telescoping barrel; and

a rotation. transmitting means which +transmits said
rotation of said outermost telescoping barrel to said second
innermost rotatable telescoping barrel.

Reference is hereby made to GB9619149.9 which is divided
from this application and comprises zoom lens barrel comp:ising
a rotatable barrel; an outer telescoping barrel which is moved
along an optical axis by a rotation of said rotatable barrel

without rotating about said optical axis; an inner telescoping



a.novabl e lens group including at least a front lens group and a rear |ens
group, wherein said front and rear |ens groups are su d by the one of
said at |least two rotatable tel escoping barrels capablepg
anong said at |east two rotatable tel escoping barrels an
at least two |inear nmovable tel escoping barrels capabffef. |
anong said at least two |inear novable teléscoping ba A zoonllens
barrel according to claim 10 further conprising a dr|V|ng '
rotates about said

barrel which is engaged through a screw thread with said outer
telescoping barrel and is moved along said optical axis when
rotated about said optical axis; at least two movable 1lens
groups which are moved along said optical axis by a rotation of
said inner telescoping barrel; and, rotation transmitting means
for transmitting a rotation of said rotatable barrel to said
inner telescoping barrel, wherein said inner telescoping
barrel, said outer telescoping barrel and said rotatable barrel
are concentrically arranged in this order in a radial direction

from said optical axis.

Examples of the present invention will be described below
in detail with reference to the accompanying drawings, in which
Figqures 1A, 1B, 2 and 11 to 13 are in accordance with the
present invention, the femaining Figures being included to

assist in the understanding of the invention.



optiical axis, wherein said driving barrel applies rotation to sai d one of
sai d at Ieast two rotatable tel escoping barrels 12. p=zeeon 3
conprising:- a first rotatable tel escoping barre
axis direction when rotation is applied thereto; a f
tel escoping barrel which is noved in said, optical ax
~rotation of said first rotatable tel escoping barrel
. tel escoping barrel which noves in an optical axis direction when rotation
i's applied thereto;

rst e ru
ﬁmm gtﬁb

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

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

Fig. 3 is an exploded isometric view of a

telescoping type zoom lens barrel for a first arrangement;

Fig. 4 is an exploded isometric view of_a rear portion
qf 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 1lens barrel shown in
Fig. 3;

Fig. 6 is an exploded isometric view of a front
portion of the telescoping type zoom llens barrel shown in
Fig. 3;

Fig. 7 is an isometric view of the primary part of a
driving mechanism for the telescoping type zoom lens

barrel of the first arrangement;



a. second linear novable tel escoping barrel mhica §¢£ T IS
rotatable tel escoping barrel and is noved in said o E %%W%%Ji
rotation of said 4 5 second rotatable tel escopin rngl,

transmtting means

rotatable telescoping barrel to

whi ch transmts rotation

8

Fig. 8 is an isometric view of a shaft, gears and pinions

of a driving mechanism, showing the state of the engagement

thereof;

Fig. 9 is a half cross sectional view of the telescoping-

type zoom lens barrel of the first arrangement showing the

retracted

Fig.

state thereof;

10 is a half cross sectional view of the telescoping

type zoom lens barrel of the first arrangement showing the most

extended state thereof;

Fig.
type zoom
invention

Fig.
type zoom
invention

Fig.
type.zoom

invention

11 is a half cross sectional view of a telescoping
lens barrel for a second embodiment of the present
showing the most extended state theréof;

12 is a half cross sectional view of a telescoping
lens barrel of the second embodiment of the present
showing the retracted state thereof; and

13 is a half cross sectional view of a telescoping
lens barrel for a third embodiment of the present

showing the most extended state thereof.



to

said first rotatable tel escoping barrel. 13.A zoomle
a

S_Darter—ace
claim 12 further conprising a novable | ens group whicl RERIAGFMENE SHEEE

front lens group and a rear |ens group, wherein said fjront g ?rigg ng
groups are supported by said first rotatable tel escopirggte :-gr-r ------ 'ﬁd
said first linear novable tel escopindSbarrel. 14.A zoomTens
substantially as herei nbefore described with reference to the acconpanyi ng
drawi ngs. cam groove 128 and the cam pin 132, instead of the cam

mechanism, the supporting frame 131 may be moved with
respect to the second telescoping barrel 124 by using a
helicoid mechanism therebetween.

Figs. 3 through 10 show a telescoping type zoom lens
barrel having three telescoping barrels, of a first

arrangement, A zoom lens

optical system of this first arrangement consists o0of a
first lens group L1 and a second lens group L2. The 'first
lens group Ll is a lens group for <focusing. Namely, the
first lens group L1 moves in the optical axis direction O
with respect to the second lens group L2 to bring the zoom
lens optical system into an in-focus state.

A stationary barrel "11 which is fixed to a camera body
(not shown) includes an inner barrel 1lla, an outer barrel
11b, and a connecting wall 1llc which co.nnects the rear end
of the inner barrel 1lla with the rear end of the outer
barrel 1llb. A rotatable barrel (i.e., driving barrel) 12 is
rotatably placed between the inner and outer barrels 1lla
and 11lb. A linear guiding slot 1l1lle which extends parallel
to the optical axis O is formed on the inner barrel 1lla.

A gear portion 12a which extends in a circumferential
direction of the rotatable barrel 12 is formed on the outer
periphery of the rotatable barrel 12. A minute-pitch male

screw portion 12b is formed on the outer periphery of the
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accordance with the  Dbrightness of an object being
photographed, this information being obtained from a
photometering c_ievice (not shown). Driving signals are given
+o0 the shutter block 20 through a flexible printed circuit board
20d.

Rear lens group guiding slots 18b are formed on the
front 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 24 is provided with linear keys
24a which are fitted into their respective rear lens group
guiding slots 18b. A caxﬁ pin 24b is formed on each of the
linear keys 24a.

The female helicoid‘+15c, which is engaged with the male
helicoid 22a and cam grooves 154 in which the respective
cam pins 24b are fitted, are fbrmed on the inner periphery
of the second telescoping barrel 15 in a manner such that
'Ehe cam grooves 154 are formed on the female heh;coid 15¢c.
When the telescoping barrel of ° this arrangement 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 154 and the male helicoid 22a is
engaged with the female helicoid 15c. In this state of
engagement, when the second telescoping barrel 15 rotates,

the first telescoping barrel 22 together with the £ront
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15e, no matter where the third telescoping barrel 14 is
located in the optical axis direction O.

In the_ teléscoping tvype zoom lens barrel of this
second embodiment, it can be Seen from the foregoing that
the rotati.on of the rotatable barrel 12 causes the third
teleécoping barrel 14 .to move in the optical axis direction
O and the second telescoping barrel 15 to rotate. This
rotation of the second telescoping barrel 15 causes the
front and rear lens groups L1 and L2 to move in the optical
axis direction O while varying the distance therebetween in
a predetermined relationship 'thereby to effect zooming.

Figs. 11 anc; 12 show a telescoping type zoom lens
barrel having four telescoping barrels for a
second embodiment of the present invenifion. In this second
embodiment, <the palrts or members which &re the same as

those in the first arrangement 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 first
agrangement,

A stationary barrel 52 is fixed to a camera body 10.
A female helicoid@ 52a and a linear guiding 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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optical axis direction O. The fourth telescoping barrel 73
is further "provided on the inner periphery thereof with a
leading groove 73c and an inner gear 734, which are similar
to the 1leading groove 1l2c¢c and the inner gear 124 of the
first arrangement . The 1leading groove 73c inclines with
respect to a ' circumferential direction of the fourth
telescc-:»ping barrel 73. The inner gear 734 is formed
pa'rallel to the leading groove 73c.

The fourth telescoping barrel 73 is provided on the
inner periphery thereof with a linear guiding member 44
having a linear guiding slot (not shown). A 1linear guiding
plate 53 is -fixed to the rear end of the 1linear guiding
member 44 by screws (not shown) with a flange 73g held
between the rear end of the 1linear guiding member 44 and
the linear guiding plate 53. The linear guiding plate 53
has a key portion 53a extending parallel to the optiéal
axis O. The key portion 53a is .fitted into the linear
guiding groove 52b. With this construction, the fourth.
telescoping barrel 73 is rotatable with respect to the
stationary barrel 52, and the rotation of the 1linear
guiding -meinbers 44 and 53 with respect to stationary ba_rrel
52 is prevented. Thus, when rotated, the fourth telescoping
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 1linear 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 inside the fourth
telescoping barrel 73. The third telescoping barrel 14 is
moved in the optical axis direction O by the rotation of
the fourth telescoping barrel 73. The pin 14b passes
through the above-noted 1linear 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 thié
second 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 1l4b
guided by the leading groove 73c and the above-not.ed linear
guiding slot (not shown) of the linear guiding member 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 male and
female helicoids 15a and 1l4c. At the same time, the first
telescoping barrel (i.e., first 1linear movable telescoping

barrel) 22 is moved in the optical axis direction O while
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not <rotating by the function of the male and female
helicoids 22a and 1l5c and the function of the linear moving

keys 16b and 18a. The first lens group Ll is moved together

with the first telescoping barrel 22 in the optical axis

direction O while the second lens group L2 is moved in the

optical axis direction O while not rotating by the

function of the 1linear moving keys 24a and the linear

moving keys 16b and the function of the cam pins 24b and
the cam grooves 15d. Accordihgly, the front and rear lens
groups L1 and L2 can move in the optical axis direction 0
while varying the distance therebetween in a predetermined
relationship to effect zooming.

Fig. 13 shows a telescoping type zoom 1lens barrel
having five telescoping barrels, for the third embodiment of the

present invention. In this third embodiment, the parts or

members which are the same as those in the first arrangement and

second embodiment: are designated by

the same reference numerals. In addition, the first, second,

third telescoping barrels 22, 15, and 14 1including the

associated members thereof are the same as those in the

first arrangement or second embodiment. A fourth telescoping

barrel 73’ in this third embodiment is the same as the fourth

telescoping barrel 73 of the second embbdiment except that
an inner gear 73g is formed on the inner periphery at the

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

and
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the outer gear 533 of the fourth telescoping barrel 73.

In the third exﬁbodiment, a stationary barrel 67 fixed
to the <camera body 10 is provided in place of the
stationary barrel 52 of the second embodiment. Moreover, a
rotatable barrel (i.e., driving barrel) 69 is provided
inside the stationary barrel 67 in a manner such that the
movement of the rotatable barrel 69 in the optical axi;,
direction O is prevented. Furthermore, 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 £ifth telescoping barrel 60. The structure of the
stationary barrel 67, rotatable barrel 69, and fifth
telescoping barrel 60 is similar to that of the stationary
barrel 11, rotatable barrel 12, and third telescoping
barrel 14 of the first arrangement.

The male helicoid 73f of the fourth telescoping barrel
73' meshes with a female helicoid 60a which is formed on
the inner periphery of the fifth telescoping barrel 60.
The key. portion 5-3a of the 1linear guiding plate 53 is
fitted in a linear guiding groove (not shown) formed on the
inner periphery of the fifth telescoping barrel 60. Thus,
the fourth telescoping barrel 73! ié rotatable with respect
to the fifth telescoping barrel 60 and the rotation of the

linear guiding member 44 and the linear guiding plate 53
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guiding plate 53, with the pinion 62 being immovable in the
optical axis 'directi.on with respect to the linear guiding
plate 53. Thus, the pinion 62 moves together with the
linear guiding plate 53 and the fourth telescoping barrel
73' in the optical axis direction. O. The pinion 62 is
engaged with the inner gear 73g of the f£ourth telescoping
barrel 73'. Accordingly, the rotation of the rotatable
barrel 69 is transmitted to the fourth telescoping barrel
73' through a rotation transmitting mechanism 68 which
includes the inner gear 694, pinioh 66, gear train 65,
.rotation' trapsmitting shaft 61, pinion 62, and inner gear
73g, no matter where the fifth telescoping barrel 60 is
Yocated in the optical axis direction O.

In the telescoping type zoom lens barrel of this
third embodiment, when 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 guided by the leading groove 69c and
the 1linear guiding slot 67e. At this time, the fourth
telescoping barz;‘el 73*' is rotated by the rotation of the
rotatable bérrel 69 and is moved in the optical axis
direction O while rotating by the function of the male and
female helicoids 73f and 60a. At the same time, the third
telescoping barrel 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 barrel 22 is moved in the optical axis
direction O while not rotating. The first lens Qroup Ll is
moved together with the first telescoping barrel 22 in the
opticai axis direction O while the second lens group L2 is
méved in the optical axis direction O while not rotating by
the function of the linear moving keys 24a and 16b and the
function of tﬁe cam pins 24b and the cam grooves 15d.
Accordingly,.the £ront and rear lens groups L1 and L2 can
move in the optical axis directioh O while wvarying the
distance therebetween in- a predetermined relationship to
effect zooming.

As can be seen from the foregoing, in the third

embodiment of the present  invention, the number of

telescoping barrels was five. 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 having 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 eaéh- of said telescoping barrels which is
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 éccording 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, support§ said front most lens

group therein; and wherein a second inner-most telescoping
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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 bafrel comprises a cam ring for
moving said front-most and rear most lens groups in said optical
axis direction in a predetermined path while varying a distance

there between.

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

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

at least two linear movable telescoping barrels which are
moved in said optical axis direction while not rotating about
said optical axis by rotation of said driving barrel, 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 respect to said at least two linear

movable telescoping barrels;
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an inner-most telescoping barrel that is fitted inside one
of said at least two rotating telescoping barrels which is
placed closest to said optical axis among said at least two
rotating telescoping barrels, wherein said inner-most
telescoping barrel is moved in said optical axis direction by
rotation of said one of said at least two rotating telescoping
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 lens barrel éomprising:-

at least two rotatable telescoping barrels and two linear
movable telesqoping barrels which are concentrically and
alternate;y arranged,

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

wherein said at least 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 linear
movable telescoping barrels is moved along said optical axis by

rotation of one of said at least two rotatable telescoping



REPLACEMENT SHEET

R O ) VR R oure .25, NOY. 1997

~
41

barrels which ié 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

a movable lens group including at least a front lens group
and a rear lens group, wherein said front and rear lens groups
are .suppbrted_ by the one of said at 1least two rotatable
telescoping barrels capable of projecting most among said at
least two rotatable telescoping barrels and the one of said at
least two 1linear movable telescoping barrels capable of
projecting most among said at 1least two linear movable

telescoping barrels.

6. A zoom lens barrel according to claim 5 further
comprising a driving barrel which rotates about said optical
axis, wherein said driving barrel applies rotation to said one

of said at least two rotatable telescoping barrels.

7. A éoom lens barrel ;omprising:-

an outermost rotatable telescoping barrel which moves
along an optical axis while rotating about said optical axis
when rotation is transmitted thereto;

a second outermost linear movable telescoping barrel which

is moved along said 6pticél axis without rotating about said
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optical axis by a rotation of said outermost rotatable
telescoping barrel;

a second innermost rotatable telescoping barrel which
moves along said optical axis while rotating about said optical
axis when rotation is applied thereto;

an innermost linear movable telescoping barrel which is
moved along said optical axis without rotating about said
optical axis by a rotation of said second innermost rotatable
telescoping barrel; and

a rotation transmitting means which transmits said
roﬁation of said outermost telescoping barrel to said second

innermost rotatable telescoping barrel.

8. A zoom lens barrel according to claim 7 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 innermost linear movable
telescoping barrel and said second innermost rotatable

telescoping barrel.

9. A zoom lens barrel substantially as hereinbefore
described with reference to Figures 1A, 1B, 2 and 11 to 13 of

the accompanying drawings.



