S05P0184 DESCRI PTI ON LENS BARREL ASSEMBLY AND | MACGE
CAPTURI NG APPARATUS Technical Field The present
invention relates to a lens barrel assenbly and af oFu1ed
i mage capturing apparatus. Background Art | mage
capturing apparatus such as digital still caneras,
digital video caneras, etc. have a |lens barre

assenbly including an i magi ng optical system assenbl ed
in alens barrel. The lens barrel assenbly has a
movabl e | ens disposed PRSEREETERE barrel and novabl e
al ong an optical axis thereof, but nonrotatable about
the optical axis, and an actuating mechani sm f or
novi ng the novable lens along the optical axis. The
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menber nounted on the novable |lens, an external

t hreaded nmenber threaded in the internally threaded
menber and extending parallel to the optical axis,
Tedhrirgiing Eans such as a helical spring or the like
for urging the novable lens in the | ongitudina
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Background Art

Image capturing apparatus such as digital still
cameras, digital video cameras, etc. have a lens barrel
assembly including an imaging optical system assembled in
a lens barrel.

The lens barrel assembly has a movable lens
disposed in the lens barrel and movable along an optical
axis thereof, but nonrotatable about the optical axis,
and an actuating mechanism for moving the movable lens
along the optical axis. The actuating mechanism includes
an internally threaded member mounted on the movable lens,
an external threaded member threaded in the internally
threaded member and extending paralliel to the optical
axis, and urging means such as a helical spring or the
like for urging the movable lens in the longitudinal

direction ¢f the external threaded member {(see, for




the lens barrel has a sensor such as a

phot oi nterruptor for detecting the detectable

el enent. Wen the novable lens is noved al ong th&05P0184
optical axis by the actuating mnechanism the sensor
detects the detectable el ement and produces a
detected signal, and a reference position of the
novabl e lens is established based on the detected
signal. The actuating nechani smcontrols the position
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barrel assemblwabliche erellicala sprtiang: disl € onpressed and
dependi ng on the position of the novable I ens al ong
trhe 1eptd ealrraXi srasThe 4y sar ees of dhecaingiangruptor
nmeans changes dependi ng on the degree to which the
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motor suffers an error, which tends to fail to nove
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possi bl'y ‘have its feedi ng accuracy wer ed. When the
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{(controls the movement) of the movable lens based on the
reference position.

In the conventional lens barrel assembly, the
helical spring is compressed depending on the position of
the movable lens along the optical axis. The urging
force of the urging means changes depending on the degree
to which the helical spring is compressed. If the urging
force of the urging means increases Lo pose an excessive
load on the motor, then the angular displacement of the
motor suffers an error, which tends to fail to move the
movable lens accurately, and the movable lens may
possibly have its feeding accuracy lowered.

When the movable lens reaches an end of the

externally threaded member upon rotation of the motor and

may not be further moved beyond the end of the externally




t hreaded nmenber tends to stick to the externally
threaded nmenber. In order to avoid such a drawback

the externally threaded nmenber has idle regions ¢it>F0184
its opposite ends which are of a dianmeter snaller

than the outside dianmeter of the externally threaded
menber. The idle regions, however, takes up spaces in
the direction of the optical axis, which make it
difficult to reduce the size of the lens barre
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and the sensor such as a photointerruptor or the |ike
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reduce the size of the Iens barrel. D sclosure of
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of the above problens. It is an object of the present
it i onp it o provide 2rd anss bl relaassenmty and an

i mge capturing apparatus which are advantageous to
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to reduce the size of a lens barrel. To achieve the
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of the optical axis, which make it difficult to reduce
the size of the lens barrel assembly.

The detectable element of the movable lens and
the sensor such as a photointerruptor or the like also

take up spaces which also make it difficult to reduce the

size of the lens barrel.

Discleosure of Invention

The present invention has been made in view of
the above problems. It is an cbject of the present
invention to provide a lens barrel assembly and an image
capturing apparatus which are advantageous to increase
the feeding accuracy for a movable lens and to reduce the
size of a lens barrel.

To achieve the above object, there is provided a

lens barrel assembly having a movable lens disposed in a




actuating nmechani sm wherein the actuating nmechani sm

has an externally threaded nenber extending paralle

to the optical axis, a motor for rotating the  SU>P0184
externally threaded nmenber, an internally threaded
menber nonrotatably threaded over the externally

t hreaded nenber for novenent along the externally

t hreaded nenber into abutnent agai nst the novabl e

lens in response to rotation of the externally
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nmovabl e lens in the |ongitudinal direction of the
aestuertald ynadireedded frremyery itrgy gvee niantad labutarentalong the
agai nst the internally threaded nenber, the | ens
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nmeans for detecting a position of the novable |ens
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corresponding to the detected data, and wherein the
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gai nst” novenent and i mmedi ately de-energizing the
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apbutment against the movable lens in response to rotation
of the externally threaded member, and urging means for
urging the movable lens in the longitudinal direction of
the externally threaded member to move into abutment
against the internally threaded member, the lens barrel
assempbly further including position detecting means for
detecting a position of the movable lens along the
optical axis and generating positional data corresponding
to the detected data, and wherein the control means
includes a first controller for controlling an angular
displacement of the motor in order to equalize the
position of the movable lens along the optical axis to a
target position based on the positional data supplied

from the position detecting means, and a second

controller for judging that the movable lens is forcibly




rotation. According to the present invention, there is
also provided a |lens barrel assenbly having a novabl e
lens disposed in a lens barrel for novenent al ongGrP0184
optical axis, the novable | ens being nonrotatable

about the optical axi s, an actuating nmechani smfor
nmovi ng the novable |lens along the optical axis, and
control nmeans for controlling the actuating

mechani sm wherein the actuating nmechani smhas an
dtntpgranald ga tdate adedemembernd noumtath onl t e reveabd ez 1ng

| ens, an externally threaded nenber threaded in the
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the optical axis, a notor for rotating the externally
griyRadadh rerdefe riasd 4 gi ge meanse flog mutghngi 4 hien
nmovabl e lens in the longitudinal direction of the
axtarinagl ly threaded nenber, the lens barrel assenbly
further including position detecting neans for
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SIS rgd'faqst@a et flr‘?ﬁ){ ngargd Whensid thes

contr means |nc control er for

Tl %gua:rl.e?z%ﬁ%e%o@%&@ Bl
%g];sia’tb! ¢ ens 39 trpse 5 J“I%(ix?ona élbfe D%&gbgtet (X

He” posi ta sup rom

t he, ition .
optugﬁséxfg,qgg%%tu ﬂ%?%%cﬁgglansﬁn‘mcv1ng the

movable lens along the optical axis, and control means
for contrcolling the actuating mechanism, wherein the
actuating mechanism has an internally threaded member
mounted on the movable lens, an externally threaded
member threaded in the internally threaded member and
extending parallel to the optical axis, a motor for
rotating the externally threaded member, and urging means
for urging the movable lens in the longitudinal direction
of the externally threaded member, the lens barrel
assembly further including position detecting means for
detecting a positicon of the movable lens along the
optical axis and generating positional data corresponding
to the detected data, and wherein the control means
includes a first controller for controlling an anguliar

displacement of the motor in order to equalize the




controller for judging that the novable lens is

forcibly stopped agai nst novenent and i medi ately
de-energizing the notor if the positional data S0520184
remai ns unchanged for a predeterm ned period of tine
while the notor is in rotation. According to the

present invention, there is further provided an imge
capturing apparatus including a |ens barrel assenbly
havi ng a novabl e | ens disposed in a |ens barrel for

ganseiest @l oitge amofiicdleraxisiomn tlactaatiagl axis to a
mechani sm for noving the novable | ens along the

opitdcal paud 1Si.oansh Sontsol e anss { orocont dot 4 | dgop heed
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to the optical axis, a notor for rotating the
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detecting neans for detecting a fosition of the
movabl e %ﬂ%r%&%%gtqh%he present 1nvention, there is

further provided an image capturing apparatus including a
lens barrel assembly having a movable lens disposed in a
lens barrel for movement along an optical axis, an
actuating mechanism for moving the movable lens along the
optical axis, and control means for controlling the
actuating mechanism, wherein the actuating mechanism has
an externally threaded member extending parallel to the
optical axis, a motor for rotating the externally
threaded member, an internally threaded member
nonrotatably threaded over the externally threaded member
for movement along the externally threaded member into
abutment against the movable lens in response to rotation
of the externally threaded member, and urging means for
urging the movable lens in the longitudinal direction of

the externally threaded member to mcove into abutment




optical axis and generating positional data

corresponding to the detected data, and wherein the
control nmeans includes a first controller for S05P0184
controlling an angul ar displacenent of the notor in
order to equalize the position of the novable |ens

along the optical axis to a target position based on

the positional data supplied fromthe position

detecting neans, and a second controller for judging
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from the position detecting means, and a second
controller for judging that the movable lens is forcibly
stopped against movement and immediately de-energizing
the motor if the positiocnal data remains unchanged for a
predetermined period of time while the motor is in
rotation.

According to the present invention, there is
further provided an image capturing apparatus including a
lens barrel assembly having a movable lens disposed in a
lens barrel for movement along an optical axis, the
movable lens being nonrotatable about the optical axis,
an actuating mechanism for moving the movable lens along
the optical axis, and control means for controlling the
actuating mechanism, wherein the actuating mechanism has

an internally threaded member mounted on the movable lens,




and urging nmeans for urging the novable lens in the

| ongi tudinal direction of the externally threaded

menber, the lens barrel assenbly further includi ig5r0184
position detecting neans for detecting a position of

the novable |ens along the optical axis and

generating positional data corresponding to the

detected data, and wherein the control means includes

a first controller for controlling an angular

a0i splaoendnty afhtdweladtmermbar atderadenl equattieintdmenally
position of the novable I ens along the optical axis
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Ca tqgﬂgg% gﬁg)05%10a1 axls and generating positional
data corresponding to the detected data, and wherein the
control means includes a first controller for controlling
an angular displacement of the motor in order to equalize
the position of the movable lens along the optical axis
to a target position based on the positional data
supplied from the position detecting means, and a second
controller for judging that the movable lens is forcibly
stopped against movement and immediately de-energizing
the motor if the positional data remains unchanged for a

predeternined period of time while the motor is in

rotation.

Brief Description of Drawings
Fig. 1 1s a perspective view, as viewed from
front, of an image capturing apparatus according to

Embodiment 1.




Fig. 4 is a perspective viewof a lens barrel 1. Fig.

5 1is a cross-sectional view of the lens barrel 1.

Fig. 6 is a perspective view of a second group 505P0184
actuating nechanism Fig. 7 is a block diagramof a
control systemfor controlling a second group

actuating nechanism 28 and a fourth group actuating
mechanism 32. Fig. 8 is a flowhart of a process for a
controller 128 to establish a reference position of a
second griaup 4 eins d2peFigec9ivs miewpsassedkewenalf rvimewear,
of a lens barrel 1 according to Enbodinent 2. Fig. 10

dfs thLriogsysectdjondng iewnfataugovabl e | ens. Best
Mode for Carrying out the Invention The object to
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position of the novable I ens along the optical axis

and _generating posidd.analcdara £ory espondiaigs tioniher 1.

detecte data, and control neans including a first

cont "ol 18 f of s LOMEAlII NG LNGROSI LN & L 1ens

novabl e 1T'ens 1 equalized to a target position and
18 seqpqp controller
arre .

Fig. 6 is a perspective view of a second group
actuating mechanism.

Fig. 7 is & block diagram of a control system for
controlling a second group actuating mechanism 28 and a
fourth group actuating mechanism 32.

Fig. 8 is a flowchart of a process for a
controller 128 to establish a reference position of a
second group lens 12.

Fig. 9 is a cross-secticnal view of a lens barrel
1 according to Embodiment 2.

Fig. 10 is a cross-secticnal view of a movable

lens.

Best Mode for Carrying out the Invention
The object to increase the feeding accuracy for a
movable lens and to reduce the size of a lens barrel is

achleved by position detecting means for detecting a




for judging that the novable lens is forcibly stopped
agai nst novenent and i nmedi ately stopping the novabl e

| ens. (Enbodi ment 1) Enbodinment 1 of the present sS05P0184
invention will be described belowwth reference to

the drawings. Fig. 1 is a perspective view, as viewed
from front, of an inage capturing apparatus according

to Enbodinent 1, Fig. 2 is a perspective view, as

viewed fromrear, of the image capturing apparatus,

pdRd thiogh oF the anddlze0k dieagy am@ily the: igprgea0apturd nthd
apparatus. As shown in Figs. | and 2, an inmage

CRRLULIIRG Rppanatis G Accordinddo dde PreseMetected
enbodi nent ~ i ncludes a video canera having a case 102
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I magi ng optical system 104 is nounted on an upper
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op-~up flash unit 105 faor. .10 S05PO 84 1it]
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aﬁﬁé“ﬁﬁp&F“@ﬁFﬁgtﬁﬂ immediately stopping the mova

lens.
(Embodiment 1)

Fmbodiment 1 of the present invention will be
described below with reference to the drawings.

Fig. 1 is a perspective view, as viewed from
front, of an image capturing apparatus according to
Embodiment 1, Fig. 2 is a perspective view, as viewed
from rear, of the image capturing apparatus, and Fig. 3
is a block diagram of the image capturing apparatus.

As shown in Figs. 1 and 2, an image capturing
apparatus 100 according to the present embodiment
includes a video camera having a case 102 as an ocuter
housing.

A lens barrel 1 accommodating an imaging optical
system 104 is mounted on an upper portion of a front
surface of the case 102. On an upper surface of the case

102, there are disposed a pop-up flash unit 105 for
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The case 102 has a finder eyepi ece w ndow 108

di sposed on an upper portion of a rear surface

thereof. A plurality of control sw tches 110 305p0184
including a swwtch for starting and stopping
capturing noving i mages, a shutter switch for
capturing still imges, a zoomng swtch, a manua
focusing switch, etc. are disposed on an upper

portion of the rear surface of the case 102. A display
ckili4 101y disspl sayiig ciapttunetk i negesa it sng aperngdd y and

cl osably nounted on a side surface of the case 102. A
el dor@idrie Tl fayr imserddingy adands t hei@ia sHa 107 for
gripping the case 102 is nounted on the other side
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capturi’ng apparatus 100 includes an i mgi ng device
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in arear end portion of the |lens barrel 1

%ﬁg ¢é§gfngdgk§h§pbject i mage that has been focused
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magli ng optical system 104, an inmage processor

124 f i i dat. ‘ )
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controller 128 including a CPU,  etc. for controlligg
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shutter switch for capturing still images, a zooming
switch, a manual focusing switch, etc. are disposed on an
upper portion of the rear surface of the case 102.

A display 114 for displaying captured images is
openably and closably mounted on a side surface of the
case 102. A belt grip 116 for inserting a hand therein
for gripping the case 102 is mounted on the other side
surface of the case 10Z.

As shown in Fig. 3, the image capturing apparatus
100 includes an imaging device 120 such as a CCD, a CMOS
sensor, or the like disposed in a rear end portion of the
lens barrel 1 for capturing a subject image that has been
focused by the imaging optical system 104, an image
processor 124 for generating image data based on an image

signal output from the imaging device 120 and recording
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di spl ay processor 126 in response to operation of the
control switches 110. The controller 128 is al so

arranged to control zoomi ng operation and focusi ng0520184
operation of the inmaging optical system 104 as

described later. Structural details of the |lens

barrel 1 wll be described below Fig. 4 is a
perspective view of the lens barrel 1, and Fig. 5is

a cross-sectional view of the lens barrel 1. As shown

the Fh@ged datthe iinmegime optintalesyisirem 04 ucs, ept ixcal |y
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system imcl’'ude a Tirst group l'ens 10, a secon

roup. lens 12 thir rup | ens 14 f t
%F%u CVéﬁ?ﬁ%?%&%%: éﬁggéﬁ%%%%gﬁ?ﬁ%ﬁ%ﬁ?i%%%égﬁﬁ t he

12 SOSP0184 orderzﬁgned fron1thetfront suge to %%
@ PP IEEE S Ofhe 1% st BarTeina® pet {8 HE & Zbdim ng ©
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operation of the imaging optical system 104 as described
later,
Structural details of the lens barrel 1 will be
described below.
Fig. 4 is a perspective view of the lens barrel 1,
and Fig. 5 is a cross-secticnal view of the lens barrel 1.
As shown in Fig. 5, the imaging cptical system
104 is optically constructed as an inner focus lens
system made up of four lens groups. Specifically, if it
is assumed that a subject side of the lens barrel 1 is
referred to as a front side and an imaging device 120
side of the lens barrel 1 as a rear side along the
optical axis, then the four lens groups of the imaging
optical system 104 include a first group lens 10, a
second group lens 12, a third group lens 14, and a fourth

group lens 16 which are successively arranged in the
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axis. Specifically, the second group lens 12 is

di spl aced to change the focal length, and the fourth
group lens 16 is displaced to correct a focused S05PC184
position that is displaced by the change in the foca

| ength, thereby properly focusing a subject inmage.
More specifically, the Iens barrel 1 has a front |Iens
barrel 18 housing the first group I ens 10, an
internedi ate | ens barrel 20 coupled to the rear end of
otherfrantdl ensmbaneekrdBtantldbousvagdt hbeseeondsgrioup
lens 12, the third group lens 14, and the fourth group
| ens 167handeAsbaserélearpkensrhar aekpoR2ngoupkednt ghen
the rear end of the internediate I ens barrel 20 and

tH@' Qé@@ndt heoipegbng devicesd20atIheafvagt thenspbaceel
intermedi ate | ens barrel 20, and the base 22
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axes igned wth the optical axis of the inmaging
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that is displaced by the change in the focal length,
thereby properly focusing a subject image.

More specifically, the lens barrel 1 has a front
lens barrel 18 housing the first group lens 10, an
intermediate lens barrel 20 coupled to the rear end of
the front lens barrel 18 and housing the second group
lens 12, the third group lens 14, and the fourth group
lens 16, and a base {rear lens barrel) 22 coupled to the
rear end of the intermediate lens barrel 20 and holding
the imaging device 120. The front lens barrel 18, the
intermediate lens barrel 20, and the base 22 are
assembled such that they have respective central axes
aligned with the optical axis of the imaging optical
system 104.

An intermediate wall 2002 extending in &

direction perpendicular to the optical axis is disposed
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The aperture internedi ate wall 2006 supports an iris
mechani sm 24 for adjusting the anmount of |ight which
is led to the imaging device 120 by the imaging SO05PC184
optical system 104. The iris nechanism 24 may be any
of various conventional nechanisns, and will not be
described in detail below as it has no bearing on the
subject matter of the present invention. The base 22
isinthe formof a thick plate and has an opening
a2202 deftiened dikereim sdr itdre ioptthealindersedikaredfensThe
base 22 al so has a recess 2204 defined in a rear
psur-ace ot hereef ki ehfiacas Hdrawar dlry dderaugte t he
openi ng 2202. The imagi ng device 120 is highly
1deeuRl Bl oSt ened and drixked; iih the rBeess 12204
wth its inmaging surface facing forwardly through the

QReRING 1 A232 tdA‘Qh%Otdﬁ%eilcafl' | d:8rs i@@l@@é@%ék@ﬁ{d the

| ow pass cut Iter, an infrared cut filter, or the

| i Qsed Q@g@ront of the imaging surface of
lnﬁ%%ﬂﬁgﬁgﬁgpdegice 120. The first group lens 10

the F?ﬁﬁ%ﬁﬁhéﬁ%9&2}??@2%]%%45%“%%3’%2%@2 B
g(ﬁgsugrb' 0%, cludes A &5‘ nsan;'oﬁq% B i

ensca

et ot wll, 2002 e deocr hedlateg e second
Iens 10 and the t.hird

system 104. The lrlS mechanism 24 may be any of variocus
conventional mechanisms, and will not be described in
detail below as i1t has no bearing on the subject matter
of the present invention.

The base 22 is in the form cof a thick plate and
has an opéning 2202 defined therein on the optical axis
thereof. The base 22 also has a recess 2204 defined in a
rear surface thereof which faces forwardly through the
opening 2202. The imaging device 120 is highly
accurately positioned and fixed in the recess 2204 with
its imaging surface facing forwardly through the opening

2202. An optical filter such as an optical low-pass cut

filter, an infrared cut filter, or the like is disposed

in front of the imaging surface of the imaging device 120.

The first group lens 10 includes three lenses

1002 housed in and secured Lo the front lens barrel 18.
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group lens 14, and the fourth group lens 16 is

di sposed between the iris mechanism 24 and the

i magi ng device 120. Principal conponents of the irfageg0184
capturing apparatus according to the present

enbodi nent will be described below First, structura
details of the second group Ilens 12, a second group
gui di ng mechani sm 26, and a second group actuati ng
mechani sm 28 wi Il be described below The second

group | ens: himtlqdes desecdnd igroupgled enss ffrrcaie 1202

in the formof an annular plate, a |l ens housing

1Gmenen: k204 praov dedtased e riadnopeninmiged rRdhe in the
second group lens frane 1202, and three | enses 1206

iheused d:mw@nd,fixedydo the | ens housi ng chanber 1204.
The second group lens frame 1202 has a first bearing

1208 angy @ ®ecand,heardng 1250 Wi charg-digspased 12 nis

radlally out er positions t’her eof and circunferentially

r ‘@é}!l
e 121%23 so%%ifsﬁrﬁ f*‘enﬂ“ﬂﬂhffﬁﬁ?ﬁﬁgfﬂ S‘?f@ﬁd

i%géﬁﬁbrﬂ¥“§1ar t f %%%gYQthrWQUQQcﬁ osed

earing 1 and t bearing 1210. Eac

é%thago l%%@ﬁ?ﬁ% rmi %ﬁ%@gQ%‘%%%d&“ﬁo'
outsi de Egj inc tgaegl anO pf}Oansemzr)g)osl% t&eenldmage capturing
apparatus according to the present émbodiment will be
described below.

First, structural details of the second group
lens 12, a second group guiding mechanism 26, and a
second group actuating mechanism 28 will be described
below.

The second group lens 12 includes a second group
lens frame 1202 in the form of an annular plate, a lens
housing chamber 1204 provided as a central opening in the
second group lens frame 1202, and three lenses 1206
housed in and fixed to the lens housing chamber 1204.

The second group lens frame 1202 has a first
bearing 1208 and a second bearing 1210 which are disposed
in radially outer positions thereof and circumferentially

spaced from each other.

First and seccnd guide shafts 1212, 1214
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attached respectively to the front |lens barrel 18 and

the base 22. In the present enbodinent, the first and
second gquide shafts 1212, 1214 extend through the&05pP0184
internediate wall 2002 and the aperture internedi ate

wal I 2006, and also through a first bearing 1608 and

a second bearing 1610 of a fourth lens frane 1602. In
the present enbodi nment, the first and second guide
shafts 1212, 1214, the first bearing 1208, and the
esecord rheayd Mg 121G greke: wpdite Isecond o uim g tidg
mechani sm 26 for guiding the second group lens 12

FRGRaGRl Ly drmeay wial ang dihe«ptiepl 188 Ssndhthe

second group actuati ng nechani sm 28 serves to nove

dhe seepnd i HPup 1ens gkralang Hder opd cald adSond Npaide

second group actuati ng nechani sm 28 includes an

sgﬁifegsnaﬂdlsé ,lt hreaded nephefe 2802, ext ending parald el 4@

e optical axis, a second group notor 2804 such as a
BR800 e i st
A0 IR A Lisadan otet N RXEIIALI Vg o one
405, ool Lyt eaed. g, 2807 L SO TBNN sccons
LOh88 190 2L, e sxenal Ly Ly esded et ; 2802, pnd. .
m\;anl lC ! 2a0i OrEB )a rfdo rt huer gai pnegr tt uhree Sienctoenrdmeg cg ZI? ay tpe | vx? anis 1 1220 (5 Ep , and
also through a first bearing 1608 and a second bearing
1610 of a fourth lens frame 1602.

In the present embodiment, the first and second
guide shafts 1212, 1214, the first bearing 1208, and the
second bearing 1210 make up the second group guiding
mechanism 26 for guiding the second group lens 12
reciprocally linearly along the optical axis.

The second group actuating mechanism 28 serves to
move the second group lens 12 along the optical axis.

The second group actuating mechanism 28 includes an
externally threaded member 2802 extending parallel to the
optical axis, a second group motor 2804 such as a
stepping motor or the like for rotating the externally

threaded member 2802, an internally threaded member 2806

nonrotatably threaded over the externally threaded member
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the longitudinal direction of the externally threaded
menber 2802 to nove i nto abutnent against the

internally threaded nmenber 2806. In the present S05°PC184

enbodi nent, the externally threaded nenber 2802 and
the internally threaded nmenber 2806 are nmade of a
nmetal material. As shown in Fig. 6, the second group
notor 2804 is nmounted on a notor nount 2810, and the
externally threaded nmenber 2802 is coupled to the

23800 F6 rg RERER0 5 1 o2804.h o Th& RN D WHr 28kY member
includes a first support arm 2810A nounted on an end

ohaee 1ok ot he eae 10fadNe s1e R s Y RUP JRhY 128414 in
second support arm 2810B confronting the first

SUpROLt keg 2810AANd aHhidd SURPANt @1Ba 31 0Ember

i nterconnecting the first support arm 281OA and the
on URPQLL ?S%;ILQ% !
%@%én%s%f %o?ﬁ tlﬁ“%ram Ximal ‘e égtof C%h gl rst support Hedfing
arm 281OA, ag i
T |asnpsoslé1d (:)Lﬁil %é i(;feost g‘ﬁcggn%% ’F gscreect JU::)?DpollretshSarlrr21 in

C. 17 S05P0184 T t || th b
%@O NG R GGl i (- e exorwa r%{aterﬁea @ o%trqecdal

s oL aine second. grow L1 42 ratstably. upgori
t%erteva\l%eercli tmrt]e?nbfelrr 82t8 Oa6n.d SIenC %rllrlde Spurpepsoergt aerm o] 18m1e?1Ac the
externally threaded member 2802 and the internally
threaded member 2806 are made cof a metal material.

As shown in Fig. 6, the second group motor 2804
is mounted on a motor mount 2810, and the externally
threaded member 2802 is coupled to the second group motor
2804.

The motor mount 2810 includes a first support arm
2810A mounted on an end face of the case of the second
group motor 2804, a second support arm 2810B confronting
the first support leg 2810A, and a2 third support arm
2810C interconnecting the first support arm 2810A and the
second suppoert arm Z810B.

The third support arm 2Z810C extends from the
proximal end of the first support arm 2810A, and the

second support arm 2810B is disposed on the distal end of

the third support arm 2810C.
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2810B of the notor nmount 2810, there is disposed a rod
2812 for preventing the internally threaded nenber

2806 fromrotating, the rod 2812 being spaced fr@&ah5r0184
and extending parallel to the externally threaded

menber 2802. The internally threaded nenber 2806 is
threaded over the externally threaded nenber 2802,

and has an engaging recess 2806A engaging the rod

2812 for preventing the internally threaded nenber

2806 fr ame redttatdrg 1 e davie dexteetinat 138 @hreaded distal
menber 2802 is rotated in one direction and the

ofchers Advedht erald Yond hiteadast ineitberx 2806f ithe second
reci procal ly noved along the |1ongitudinal direction

odde @t ernaldae dihead %%@Eﬂﬂ 28R .pddeing hole in
gﬁatéfnally t hreaded nenber 2806 has an end 2806B

t@f&'gé&ﬂﬁﬂg B NA A Y, ofg tdie, second group |ens 12
al ong the opti‘cal axis. The end 2806B is engageabl e

wi th regcﬁt&?% NG, Lo L1 on 1eP3 ol tDe Q& arns 28104,

circunfe region of the second l'ens franme 1202.

I
Zgggggﬁgit:%%f%%dhgggﬁggFg?%%%sé§§g%%p§§u sté%?%glﬁiﬁad
L A LR R O

Cgﬁjﬁééqn mCh%r}ﬁgnrqzcgné&z abeslen”g}"seéja Jy 2l Lont, fegion

extending parallel to the externally threaded member 280Z.

The internally threaded member 2806 is threaded
over the externally threaded member 2802, and has an
engaging recess 2806A engaging the rod 2812 for
preventing the internally threaded member 2806 from
rotating. When the externally threaded member 2802 is
rotated in one direction and the other, the internally
threaded member 2806 is reciprocally moved along the
longitudinal direction of the externally threaded member
2802.

The internally threaded member 2806 has an end
2806B positioned rearwardly of the second group lens‘12
along the optical axis. The end 2806B is engageable with
an engaging portion 1203 of the ocuter circumferential
region of the second lens frame 1202.

The externally threaded member 2802 has external
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barrel 20 such that the distal end of the externally
threaded menber 2802 is oriented rearwardly along the
optical axis and the second group notor 2804 is S05P0184
oriented forwardly along the optical axis. The

helical spring 2808 is coiled around the first guide
shaft 1212, and has an end resiliently held against

the first bearing 1208 of the second group lens frane
1202 and the other end resiliently held agai nst the
threstdd et Barrielpob&d Thetheluledlardpranyy 2868 folrlmaldngth
urges the second group lens frane 1202 to cause the
teRrRgagi MG rrDdHe1en 11263 4o walnit tagaiinste trive lgnd: REGER: bf
the internally threaded nenber 2806. Stated otherw se,
e dhelsgal. spring 2808 nornmal ly urges the second

group lens frame 1202 forwardly along the optica

axi s intie IRSIdrERfr ARt Bige NedcHde drntey niad |y
t hreaded nenber 2806. Therefore, the second group

ajs%%%llﬂclrmnl%o%rdnte Degiltchf-‘ second grQupndenstd 2, epve
reciprocally linearly ong the optical axis in

RN ts%rggp ntuf@; dhe 5 19203R084. dnternalily

read It 1s assuned that when t he
t
TP R 07 AR RIS REE A AR A S e
02%81 opt i Cal aa)g haendsecvgln%feépo%ps%oqtno% PP I”g)t i ented

ot’Htes AT tHE oppos

forwardly along the optical axis.

The helical spring 2808 is coiled around the
first guide shaft 1212, and has an end resiliently held
against the first bearing 1208 of the second group lens
frame 1202 and the other end resiliently held against the
front lens barrel 18. The helical spring 2808 nocrmally
urges the second group lens frame 1202 to cause the
engaging portion 1203 to abut against the end 2806B of
the internally threaded member 2806. Stated otherwise,
the helical spring 2808 normally urges the second group
lens frame 1202 forwardly along the optical axis into
resilient abutment against the internally threaded member
2806.

Therefore, the second group lens frame 1202, i.e.,
the second group lens 12, move reciprocally linearly

along the optical axis in response to movement of the
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direction, the internally threaded nenber 2806 noves
rearmardly al ong the optical axis, then the second

group lens 12 noves linearly forwardly and rearwargFy184
along the optical axis in response to novenent of the
internally threaded nenber 2806. When the externally

t hreaded nenber 2802 continues to rotate in one
direction, the surface of the engaging portion 1203

of the second group lens frame 1202 which faces
ihopwardlly dhorgdelde repticgal28.s reaches a forward

[imt position in which it abuts against the first
support & mt28k0A safurtcshe tiettorwhmunthe2&eGovharourhenotor
external ly threaded nenber 2802 continues to rotate

2ism 4t he tepResiire oiar edveart,idrhe tSur fiace rofa itthe téndkaded
2806B of the externally threaded nenber 2802 which
reates ey warvdly mengdiRe Optriccalheaxis iredchesi | and
rearward limt position in which it abuts against the
wIBONG e SURRAE AHINZELAB 0f2d(he mmatafe sauNtc 8 Mpposite
Consequent |y, the second group lens 12 is novabl e

d LRI & range ; helyean &%Jé&df@f Gheriddt s thone and
e rearvard |imt 20 SOSP0184 position. The second

&%%%r%twaél&% nechanism.28 also hag., seeond AR roup

position-detecting means 34 for detecting the

]nglt %@¥e§i1 é%%i Al tloné%!%%%fﬂ“@ along the

8X1% and gener a |ng poSi

crr , |
11%5P%ggfp%ﬂ.response to movement of the internally

threaded member 2806.

When the externally threaded member 2802
continues to rotate in one direction, the surface of the
engaging portion 1203 of the second group lens frame 1202
which faces forwardly along the optical axis reaches a
forward limit position in which it abuts against the
first support arm 2810A of the motor mount 2810. When
the externally threaded member 2802 continues Lo rotate
in the opposite direction, the surface of the end 2806B
of the externally threaded member 2802 which faces
rearwardly along the optical axis reaches a rearward
limit position in which it abuts against the second
support arm 28108 of the motor mount 2810. Consequently,
the second group lens 12 is movable within a range

between the forward limit position and the rearward limit
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to the detected position. Specifically, the second
group position detecting neans 34 has a magnet 3402
nmounted on the second group |ens frane 1202 and @C5P0184
magnet oresi stive device (hereinafter referred to as
MR device) 3404 nmounted on the internediate |ens
barrel 20. The nagnet 3402 is in the formof a rod
extending parallel to the optical axis, and is
magnetized into an alternate array of S poles and N
ppolesoarranged at small intervals ranging from150 to
400 pm for exanple, in the direction in which the
magnet B402sexbendsrolbeadRudevhgenddbdnismdR8pesed hnas
confronting relation to the magnet 3402 with a

s@é@ﬁ@t@fﬁhﬁeﬁogﬂﬂloﬂr@&tQ@dlh@emébﬁbmeenfofhéeNRct1ng
device 3404 has its resistance val ue vari abl e

tﬁ@p§89iﬂgoﬁn othenongpethe fiehg 1eemenatedohy the
mag 3402 as it noves. Based on the change in the

%@%&giagg = LA8 ?@%QEgtgﬁg369§l9&eﬁa@eaa@a get-eekednding

ositional signal (positional data) corresponding to

th
tgtﬁhgogg£ggpethggggtgggnet 3402, or in 21 S05P0184

er Wwor osition of the second group lens 12

along.tgeeOB%kgghl X'%h g%&ﬂ”%&%&gtPEQ&tQ%BeQE%%%t%ng

poshtlo |ng a gne ce is disclosed
mggnsaggnﬁse ga&gggeth940525%3%§edf%5 %%gng c®ond group

lens frame 1202 and a magnetoresistive device
(hereinafter referred to ag MR device) 3404 mounted on
the intermediate lens barrel 20.

The magnet 3402 is in the form of a rod extending
parallel to the optical axis, and is magnetized into an
alternate array of S poles and N poles arranged at small
intervals ranging from 150 to 400 um, for example, in the
direction in which the magnet 3402 extends.

The MR device 3404 is disposed in confronting
relation to the magnet 3402 with a predetermined gap
provided therebetween. The MR device 3404 has its
resistance value variable depending on the magnetic field
generated by the magnet 3402 as it moves. Based on the
change in the resistance, the MR device 3404 produces a
detected positional signal (positicnal data)

corresponding to the position of the magnet 3402, cor in
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The fourth group lens 16, a fourth group guiding
nmechani sm 30, and a fourth group actuating nechani sm

32 wll be described below. Since the fourth gro@p5r0184
|l ens 16, the fourth group guiding nechanism 30, and

the fourth group actuating nechanism 32 are

structurally simlar to the second group lens 12, the
second group guiding nechani sm 26, and the second

group actuating nechanism 28, they will be briefly

cdeser ivbedshel-ow. phhe tfiour b gheupdeens: e oupclledes 1&
fourth group Ilens frame 1602, a | ens housi ng chanber

al@g@ @hgvbgeqcbq atdhe fourth group lens franme 1602,
two | enses 1606 housed in and fixed to the |ens

hous'”QAﬁhé@Q%ﬁ 1604+ He fHahsl-tand, seeonrd tdvind@sing a
shafts 1212, 12%2 and the first and second bearings

m%:gg%’t 1640 Jneke la%«;lf&% ifou; ts'Elg:rs%lép QUi i Ag JERC AR
glng t he

or gui urth group lens 16 reciprocally

NBIH%§%9%1%|O%%IIQ%:9%%I0a| axis. The fourth group

act uat’ing frechani sm serves to 22 SO05P0184 nove

the fouggjgug!a o &% 40 jalong 4 he, apt G4l g%'% &ing

fourth uatlng Yani'sth 32 iTcl ud
ernaII t hr eaded a.fo ), It or
309 L8ty 2 o gﬁ?*er%m Prriiel Aerer 3072
|nternall¥)thre%ged menber 3206 nonrotatably
prreQ@e escriped b

Since the fourth group lens 16, the fourth group
guiding mechanism 30, and the fourth group actuating
mechanism 32 are structurally similar to the second group
lens 12, the second group guiding mechanism 26, and the
second group actuating mechanism 28, they will be briefly
described below.

The fourth group lens 16 includes a fourth group
lens frame 1602, a lens housing chamber 1404 provided in
the fourth group lens frame 1602, and two lenses 1606
housed in and fixed to the lens housing chamber 1604.

The first and second guide shafts 1212, 1214 and
the first and second bearings 1608, 1610 make up the
fourth group guiding mechanism 30 for guiding the fourth
group lens 16 reciprocally linearly along the optical
axis.

The fourth group actuating mechanism 32 serves to
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over the externally threaded nmenber 3202 for novenent
al ong the externally threaded nenber 3202 into

abut ment against the fourth group lens 16 in respérsédlsd
to rotation of the externally threaded nenber 3202,
and a helical spring 3208 (corresponding to urging
means in clains) for wurging the fourth group lens 16
in the longitudinal direction of the externally

t hreaded nenber 3202 to nove into abutnment against
niche ithicerfraldtyh threead edrmeiitera 13206 .t hd ropthegr esent.
enbodi nent, the externally threaded nenber 3202 and
THe fgitrernadou hieaded memken 32060 &% imde:dfs an
nmetal material. The fourth group notor 3204 is nounted

et 3 NG+ HRHe B2kbhband Adre extynall Witdueaderhr
menber 3202 is coupled to the fourth group notor

B £ AS i iHRE YIRS QU] 13810, destdd bednabove 02, an

nmot or nount” 3210 i ncl udes first and second

th
ié%’c%%%fat}ilﬁ{ e%re%?d]e%mé&]@ﬁ BN %J@dﬁwréh@aﬂed

e
1 rconnecting the first and se support

%%%gtﬁéé%%gﬁé§%$§@§ﬁg%§§%%§%%ﬂgﬁ$Ei?f%gﬁgér enfnt
i Xi f ,
$2§%§2ﬁhé3é¥¥eé§%%§?iﬁ%é%ﬁﬁéﬁ?%%ﬁﬁﬁ#&?%q?n%ﬁﬁéﬂgbgéa nt

y suppor eari e secon

B TGS, Segeen tpe LIt AN SEPON s
gi“?ﬁzié&ég§;;¥¥§j€%gé§éed member 3202, and a helical
spring 3208 (corresponding to urging means in claims) for
urging the fourth group lens 16 in the longitudinal
direction of the externally threaded member 3202 to move
into abutment against the internally threaded member 3206.
In the present embodiment, the externally threaded member
3202 and the internally threaded member 3206 are made of
a metal material.

The fourth group motor 3204 is mounted on a motor
mount 3210, and the externally threaded member 3202 is
coupled to the fourth group motor 3204.

As with the motor mount 2810 described above, the
motor mount 3210 includes first and second support arms
3210a, 3210B and a third support arm 3210C

interconnecting the first and second support arms 3210A,

3210B. The externally threaded member 3202 has a distal
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(not shown) for preventing the internally threaded
menber 3206 fromrotating. The rod prevents the
internally threaded member 3206 fromrotating. WighFU184
the externally threaded nmenber 3202 is rotated in one
direction and the other, the internally threaded
menber 3206 is reciprocally noved al ong the
| ongi tudi nal direction of the externally threaded
menber 3202. The internally threaded nenber 3206 has
Al ¢nadre3206Bdpesiit adbned tbewaptliyaof akhe PEukhh §pouph
lens 16 along the optical axis. The end 3206B is
gengageahkelds t hotanapngagupgopoerti an 2608acfinghodet en
circunferential region of the fourth Iens frame 1602.
+fhesexbernalippot br eaged2member 3202 has externa
t hreads 3202A di sposed over substantially the ful

| ength pefybhg dheeetiren bRawBkehntheuexbetnakhy 32104,
t hreaded nenber 3202 extends and held in mesh with

sbhegi pternal hycbbrgaded meaber +3206. jTheikeusth ar eup

actuating nechanism 32 is assenbled in a rear region

(ﬁ%g:gﬁﬁhﬂse%gfdbﬂggek%@%ﬁe%ﬁesqaggkﬁﬁll k58l 22QaSHeRber

e distal “end of t externally threaded nenber

BB Aurr Bt et aagte, sl g ond
tgggggghgggﬁﬁékfﬁgO%X%%meQ%tg%Hh%gl %%%%ngh%2%§tk§nally
threaded member 3202 is rotated in one direction and the
other, the internally threaded member 3206 is
reciprocally moved along the longitudinal direction of
the externally threaded member 220Z.

The internally threaded member 3206 has an end
3206B positioned forwardly of the fourth group lens 16
along the optical axis. The end 3206B is engageable with
an engaging portion 1603 of the outer circumferential
region of the fourth lens frame 1602.

The externally threaded member 3202 has external
threads 32022 disposed over substantially the full length
of the direction in which the externally threaded member
3202 extends and held in mesh with the internally
threaded member 3206.

The fourth group actuating mechanism 32 is

assembled in a rear region of the intermediate lens
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second gui de shaft 1214, and has an end resiliently
held against the first bearing 1608 of the fourth
group lens franme 1602 and the other end resilient33pPo184
hel d agai nst the base 22. The helical spring 3208
normal ly urges the fourth group lens frane 1602 to
cause the engaging portion 1603 to abut against the
end 3206B of the internally threaded nenber 3206.
Stated otherw se, the helical spring 3208 normally
nnges! the $oth tthagr oupe |@hstaf rame dB02hd orxaedhayl Ly
along the optical axis into resilient abutnent

tagad Nedd trhenbait e @t | s tdrr badesd nestherrd B206Long the
Therefore, the fourth group lens frame 1602, i.e.,

ddel dourd:h group ¢renst dibr - moyeouechdr ocat 24 |i£16@fieynted
al ong the optical axis in response to novenent of the

ﬁéﬁfﬁg¥&1¥ dhseaded: membera 8206is | f it is assuned that

when t he ourth group notor 3204 rotates in one

directiop,. tihe | M eraaldyg t@;ﬁ@@dfg cETRET 5 32085 Moves

forwardly al ong the optlca axi s, and when the fourth

FE O I, TR
agq I U PRl gmE Ao o 9D 1o

A T TR
base 22. The helical spring 3208 normally urges the
fourth group lens frame 1602 to cause the engaging
portion 1603 to abut against the end 3206B of the
internally threaded member 3206. Stated otherwise, the
helical spring 3208 normally urges the fourth group lens
frame 1602 forwardly along the optical axis into
resilient abutment against the internally threaded member
3206.

Therefore, the fourth group lens frame 1602, i.e.,
the fourth group lens 16, move reciprocally linearly
along the optical axis in response to movement of the
internally threaded member 3206.

If it is assumed that when the fourth group motor
3204 rotates in one direction, the internally threaded
member 3206 moves forwardly along the optical axis, and

when the fourth group motor 3204 rotates in the opposite
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When the externally threaded nenber 3202 continues to
rotate in one direction, the surface of the end 3206B
of the externally threaded menber 3202 which fac&d>5P01i84
rearwardly along the optical axis reaches a forward
limt position in which it abuts against the second
support arm 3210B of the notor nount 3210. Wen the
externally threaded nenber 3202 continues to rotate in
the opposite direction, the surface of the engaging
apektitadnl 6 @3 cofi nthe rfadunt khgreeufed ersafarane (kbR wad ch
faces rearwardly along the optical axis reaches a
rlegakmaiad y iamidngpesiet io@t iioaWai:chs i terabutsaagainsth theup
first support arm 3210A of the notor nmount 3210.

1Gensequentdas 1tihefrawr tdy rgraun J enss ¥edrsvamvabl:Eong the
wthin a range between the forward limt position and

ERQCJF%Q%quMﬂgéxﬁ%@t&ﬁ&h@ﬂ%JéﬂﬁﬁhéﬁQﬁ%
ctuating nechanism 32 also has fourth group position

tect] qgﬁ#% the position of the
gﬁ1qﬁdﬂ%bup ens 16 %F%ﬁgggﬁgﬂgopticaf axi s and
gener at i Pasl |onal. dal3, AL ERpandidig, A0 BRBPOLES

to the ected position. SpeC| fourth

Cg}él?fele’éfgalcti Il,I(IE)rg tgas eﬁ'ter! 260OI’]CiLarr]esci‘toludn \Sgﬂshlt:hléon e‘ié ef the

ggﬂvg%éﬂ?ﬁgﬁé%%%ggxgﬁgpz nDuQL§¥1§gﬁgg¥3géﬁgtghlch
faces rearwardly along the optical axis reaches a forward
limit position in which it abuts against the second
support arm 3210B of the motor mount 3210. When the
externally threaded member 3202 continues to rotate in
the opposite direction, the surface of the engaging
portion 1603 of the fourth group lens frame 1602 which
faces rearwardly along the optical axis reaches a
rearward limit position in which it abuts against the
first support arm 3210A of the motor mount 3210.
Consequently, the fourth group lens 16 is movable within
a range between the forward limit position and the
rearward limit positicn.

The fourth group actuating mechanism 32 also has

fourth group position detecting means 36 for detecting
the position of the fourth group lens 16 along the

optical axis and generating positional data corresponding

26




devi ce 3604 nounted on the internediate |lens barre

20. The MR device 3604 produces a detected positiona
signal (positional data) corresponding to the S05pr0184
position of the fourth group lens 16 along the

optical axis. The configuration of a control system

for <controlling the second group actuati ng nmechani sm

28 and the fourth group actuating mechanism 32 wl |

be described belowwth reference to Fig. 7. The

teORhEO ket k28 ¢endindlch .the rotation in one direction
and the other, the angul ar displacenent, the

rotati owecs&qe;da,n@nd e QuHH ddefLQﬂ%)dgittihﬁl sRGQtting
group notor 2804 through a second group driver 202,

r@RGs 3leS0 ¢aNt alsS Je HeOtaf|Ons i aNg-didLatOon ahg
the othér, the angular dlsplacenent the rotationa

g%% dpo%fol%%e deqhig&% 6 the d opnd rgrtoqr%oz

3204 throu ourt group driver In the

ehaach ur;ﬁhntt%% '?oﬁ‘}rtht '?geféa CQLQeqn r%é‘?némrt&fz a%%oAar?%

group notor stepping notors.
SRR 3 BRSO 2 o iz caifols Uhe 21, sercti
ST, i tolsiional, spssis o LS P
group n?vgr S%gé b contag#%jgﬂ the Sef‘%ﬁ&ﬁﬁ%pg’ 6ﬁH§
fourth group lens 16 along the optical axis.

The configuration cof a control system for
controlling the second group actuating mechanism 28 and
the fourth group actuating mechanism 32 will be described
below with reference to Fig. 7.

The controller 128 contrels the rotation in one
direction and the other, the angular displacement, the
rotational speed, and the output torque of the second
group motor 2804 through a second group driver 202, and
also controls the rotation in one direction and the other,
the angular displacement, the rotational speed, and the
output torque of the fourth group motor 3204 through a
fourth group driver 204.

In the present embcdiment, the second group motor

2804 and the fourth group motor 3204 include stepping

motors. Therefore, the controller 128 controls the
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group driver 202 and the fourth group driver 204 to
the second group notor 2804 and the fourth group
not or 3204, the nunbers of pulses of the drive S05P0184
signals, the frequencies thereof, and the duty ratios
thereof. The controller 128 is supplied with a
detected positional signal representing the position
of the second group lens 12 fromthe MR device 3404
through a second group detecting circuit 206, and is
raltsa isupdln etheMdinrsaet idet ecided positticanaltisd gnajular
representing the position of the fourth group lens 16
JirsomadeendvR devic 364 driwiougiee s f aiid heirgy alifrput
detecting circuit 208. The controller 128 recognizes

Poshldona Wl &oforidey: ﬁgﬁ%w@md@%cﬂ%h@%dmﬁa
se

fourth group lens 16 ba on these detected

id enalr signals, cHhig canting 1ele gs?e&{@{gé' olrs Jrien

second group drlver 202 dependlng he positiona

r%asgpae&h\}eh% 0 r%fz%%r'ee %ﬁc‘@icﬂd PR &t

e secon det ect | Ircult 206 an

ou t%%%éby nDV|ng%fﬁ%{gg%%ﬁfyb§§%g] ensw%ﬁpgggbéf%‘the
;ggg}gc{ WL O LEUAB Uy NG AN ORLISE S W04,

m ng operati on om COI’]

hGYMAS ntroll 128 control s the i rection
v hne S atoms grofﬁﬁ%td&rlvﬁos&qlﬁlast’es%eand the
angular dlsplacenent of the second ro not or
frequencies thereof, and the duty ra thereof.

The controller 128 is supplied with a detected
positional signal representing the position of the secoend
group lens 12 from the MR device 3404 through a second
group detecting circuit 206, and is also supplied with a
detected positional signal representing the position of
the fourth group lens 16 from the MR device 3604 through
a fourth group detecting circuit 208. The controller 128
recognizes positional data of the second group lens 12
and the fourth group lens 16 based on these detected
positional signals.

The controller 128 controls the second group
driver 202 depending on the positional data of the second
group lensg 12 which is supplied from the second group
detecting circuit 206 and a zcom signal supplied from the

zooming switch, fourthereby meoving the second group lens
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2804 under feedback control in order to equalize the
position of the second group lens 12 along the optica
axis to a target position based on the positional805P0184
data. The controller 128 also controls the fourth

group driver 204 depending on the positional data of
the fourth group lens 16 which is supplied fromthe
fourth group detecting circuit 208 and a focus

control signal, fourthereby noving the fourth group
1Redsrv8 ridywardirygaand rdleamiendl yhal ong iore EpFtiiSc &l

axis to performfocusing operation (focus control).
pEhé ofroc uscnantr obesibgnaln (izeohudestacfldcusi ng si gna
supplied fromthe manual focusing switch in a nmanua

f ocusi ngtande andeawdetecttéd cauttomdtlier fl@Gusositgodls the
generated in an automatic focusing node to be

qdesehiibed i belows-hSt-aked cotcher wWirseyp tre ccomtandl lrertat28
controls the direction in which the fourth group

bRt 03204 unatatiesp1ardnidhe arguhar sdiccplacerept meftor
the fourth group notor 3204 under feedback control in

2@hder, 1R regdaki-ze t hen ol tion ofet he fuiR ar eup
' ens 16 along the optical 29 SOSP0184 axis to a

P Estrig‘:itonp%%i kian shased; o Jhe 1ROS! tizonals datid.e opic 21 Ec;:al

omati c focusing operation of the controller

07, SR YolaSus g R G s ins Wi
signal %%eg%%%%%%SQer 128 also controls the fourth group
driver 204 depending on the positional data of the fourth
group lens 16 which is supplied from the fourth group
detecting circuit 208 and a focus control signal,
fourthereby moving the fourth group lens 16 forwardly and
rearwardly along the optical axis to perform focusing
operation (focus control}. The focus control signal
includes a focusing signal supplied from the manual
focusing switch in a manual focusing mode and a detected
automatic focus signal generated in an automatic focusing
mode to be described below.

Stated cotherwise, the controller 128 contrcls the
directicon in which the fourth group motor 3204 rotates
and the angular displacement of the fourth group motor

3204 under feedback contrcl in order to egqualize the

position of the fourth group lens 16 along the optical
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by the controller 128 based on a contrast eval uation
signal for an image signal which is generated by the

i mage processor 124 based on a captured i mage sigﬁQﬁP0184
out put fromthe imagi ng device 120. The contr ast

eval uation signal has a peak value when a subject

i mge captured by the fourth group lens 16 1is focused
on the imgi ng device 120. If the position of the
fourth group lens 16 alon%)the optical axis when the
agont tast évalogst iPowisiigmalbargsl g#rpddle valsdé licpal data.
referred to as a focused position, then as the fourth
group | @énson®d iics frowed rfcorowerdlty cor orfe &hwarcgding: ral lomy
the optical axis away fromthe focused position, the
1eéntfrastautewaltiatildry Siognedirhashiet ouevél group lens will
progressively lowered fromthe peak val ue. The

pHEOGSIHIY reRematlicon is performed by the controller 128
based on the above properties of the contrast

eval uat iToR Sic@Ralt «ar cRrdinkg: it fone ofs itghe 1 fidd lpMargted
processes. According to a first process, the fourth

p9r QuR 301+3OFHAL84 2d enss kb drS dMved el RRAGAIdYL ¢h

Short distance (wobbled) along the optical axis, and

sl n%;]lo%%d Mhen fhe Goptyasthi gvaluald@t Sanaly the

reaches the peak value. According to a second process,

itrnl'%%ef .%lirot&go(}uqfé 4 eng 16 45 mved fIomig Al gnal
positiron to a f ront position
output from the imaging device 120.

The contrast evaluation signal has a peak value
when a subject image captured by the fourth group lens 16
is focused on the imaging device 120. If the position of
the fourth group lens 16 along the optical axis when the
contrast evaluation signal has a peak value 1s referred
to as a focused position, then as the fourth group lens
16 is moved forwardly or rearwardly along the optical
axis away from the focused position, the contrast
evaluation signal has its level progressively lowered
from the peak value.

The focusing operaticn is performed by the
controller 128 based on the above properties of the
contrast evaluation signal according to one of the

following processes.

According to a first process, the fourth group
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along the optical axis, and the position of the fourth
group lens 16 (the angular position of the fourth

group notor 3204) at the time the contrast eval ugCPER184
signal reaches the peak value is stored. Then, the
fourth group lens 16 is noved fromthe front position
to the stored position. According to a third process,
the fourth group lens 16 is noved froma rear

position to a front position along the optical axis,
land flle iposictviedn retivheckddm 2 sioatp digkents ((Hedbled)
angul ar position of the fourth group notor 3204) at
aflbegt ithe theicedt rasts, evalkudts et cpicgralwhereddiresdrieast
peak value is stored. Then, the fourth group Ilens 16
eiva 1Y ednf sammthe rbeahie spasict ivemkt edugh t he st ored
position to the rear position, and is noved again

from t hedeeadipesitbi an skedrlte psicered  pasict ifomrttheyroup
third process is advantageous to avoid a hysteresis

185h0H 0f; 5 the ot ar euR d s 118 oshiteh 0aeWwrs Wi tion

the fourth group lens 16 is reciprocally noved al ong

2t B8 ORLICal 1a%i1S :36GOr dindg thQ: the i58ceNd ProesHudh
S05P0184 F# the positional data of the second group

RS 12N NEnchanded 1) i Cor lal RNt of dddm

e second group notor 2804 is in rotation,

(18 L9 CA Lol 81 28 Jdags Lhat dhe pacond O

ens [ orCibly st opped agai nst novenent, an
r%ggﬁgkﬁH%kyp@ak value is stored. Then, the fourth group
lens 16 is moved from the front position to the stored
position.

According to a third process, the fourth group
lens 16 is moved from a rear position to a front position
along the optical axis, and the position of the fourth
group lens 16 (the angular position of the fourth group
motor 3204) at the time the contrast evaluation signal
reaches the peak value is stored. Then, the fourth group
lens 16 is moved from the front position through the
stored position to the rear position, and is moved again
from the rear position to the stored pesition. The third
process 1s advantageous to avold a hysteresis error of
the fourth group lens 16 which occurs when the fourth

group lens 16 is reciprocally moved along the optical

axls according to the second process.
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controls the second group driver 202 to de-energize
the second group notor 2804. |If the positional data

of the fourth group lens 16 remains unchanged forSGpP0184
certain period of tine while the fourth group notor
3204 is in rotation, then the <controller 128 judges
that the fourth group lens 16 is forcibly stopped

agai nst novenent, and imrediately controls the fourth
group driver 204 to de-energize the fourth group

mot or 32(F4.tHen gdwel tpreesentdaarb ol ne | sadmndaepontp lens
group lens 12 and the fourth group lens 16 nmake up a
Iovahll=g dsenmdienddie Blmaiarssedndit e tiens darriete yhile
the first group lens 10, the second group lens 12,
drhe deiordl g enso14804 hies fourddrgrioup lensn lithe
the second group guiding nechanism 26, the second

AHrauR, actuating yeehaniism 2&e ddeosecndigriosp: 12 is
position detecting means 34, the fourth group guiding

ﬂ,g&'lgﬂ B3%hpdde: JOUdh QAR ACT Usd NnmdPBCaRI M

nd the fourth group position detecting neans 36

B A T B A L T S P v

ention. The controller 128 serves

as. a first I and a second controller in the
%ﬁ%ﬁqéad%%nﬁ?ggg%%pﬁ%r %?ned by the controller 128 to

et 201 T, . [SLELENGE, PORLL o ofy 1 S0P S0V Pen
f%gkeé%ins unchanged for a certain period of time while
the fourth group motor 3204 is in rotation, then the
controller 128 judges that the fourth group lens 16 is
forcibly stopped against movement, and immediately
controls the fourth group driver 204 to de-energize the
fourth group motor 3204.

In the present embodiment, the second group lens
12 and the fourth group lens 16 make up a movable lens in
the claims, and the lens barrel 1, the first group lens
10, the second group lens 12, the third group lens 14,
the fourth group lens 16, the second group guiding
mechanism 26, the second group actuating mechanism 28,
the second group position detecting means 34, the fourth
group guiding mechanism 30, the fourth group actuating
mechanism 32, and the fourth group position detecting

means 36 make up a lens barrel assembly according to the
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The reference position is established when the power
supply of the imge capturing apparatus 100 is turned
on or the image capturing apparatus 100 is set inS0&RC184
i magi ng node, for exanple. The controller 128 controls
the second group driver 202 to rotate the second

group notor 2804 in one direction or the other (step
S10). The controller 128 nonitors the positional data
of the second group lens 12 which is supplied fromthe
nsecend gnewptdetect iThg concuict. 1206.1 2Bheccomts ¢ld er {128t
determ nes whether the positional data has changed in
c@ntpedetenmidned seecinad coh ttdome cor imotcHesteep i8E2) . | f

it is judged in step S12 that the positional data has

changed i prihe pr edetRiriened penicod ofc tdImsr 10teno
since the second group |lens 12 has noved, contro

JBEWINS H O nst R rRl2 R ¢RRLikNWRUSITY HHat aleedrlie HetfNdens
group notor 2804. If it is judged in step S12 that the

1posistional jdatahas nat.changed d 4 e Predetier mged
period of tinme, 33 SO05P0O184 then the controller 128

j udges that rtel}eer%%%%%ﬁ%ri%i%nl ans o ﬂ]]siysf}*%’odvm% the

st opped "agai nst” nmovenment, and i nmedi at el controls
S R s g AR R o e
t%rr%%% loennsorlzthies irme,zalcgjeakc):laxgyt%%sfntgi %rfbepdariar% L}shel 0C is set in
an imaging mode, for example.

The controller 128 controls the second group
driver 202 to rotate the second group motor 2804 in one
direction or the other {step S510).

?he controller 128 monitors the positional data
of the second group lens 12 which is supplied from the
second group detecting circuit 206. The controller 1286
determines whether the positional data has changed in a
predetermined period of time or not (step 3512).

I1f it is judged in step S12 that the positional
data has changed in the predetermined period of time,
then since the second group lens 12 has moved, control
returns to step $12 to continuocusly rotate the second
group motor 2804.

If it is judged in step S12 that the positional

data has not changed in the predetermined period of time,
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forward imt position or the rearward limt position.
The controller 128 sets the positional data at the

time the second group notor 2804 is de-energi zed &9>&0184
reference position for a distance over which the

second group lens 12 is to nove along the optica

axis or a position to which the second group lens 12

is to nove along the optical axis (step S16). Then,

the process of establishing the reference position is
Puln tthcarcendol13uiseqientidge s hthagontlroldegrontP&roup lens
controls the direction in which the second group

170tiQy £2804 et atteppaantddie angdwmaditsplatenemdeddfately
t he second group notor 2804 fourthereby performng

dhe Zaemiig eReiald ordup riderr teequaldezeddieyize the
position of the second group lens 12 along the

QR CAly S @ A tzaa"cg@trhs%ir t41on based Qs ttrrene, the

reference position and the positional data. process

ereﬁ%g)“g% 1he Gonty rs°'£e%¥ i A8 10 s @St aRld st

sition of ourt’h"group | ens 16 I's the

+Pr O I

rﬂﬁw r éggrl %E%IOMI ﬁ&%ﬁ 3¥%§T |nfﬁﬁpgﬁaﬁ$Mléﬁﬁ
SOSPCHS roc f t.abl i h the refere ce,
posi ti oﬁmo%) thﬁle o]ﬁlﬁ Slngggup%i ens eléjo 3rerce:‘"ocnoan r oa] e at

28 controls the irection.in the, fourth gr

0 e TR N o 1% R gzerd“ b a
the fourth group nDtor 3204 fourtheregy %{sz
qﬁ??%ﬂﬁ%ﬂﬁﬂf%ﬁiﬂ%ﬂ qﬁwqrglstance over whic second

group lens 12 is to move along the optical axis or a
position te which the second group lens 12 is to move
along the optical axis {step S16}. Then, the process of
establishing the reference position is put to an end.

Subsequently, the controller 128 controls the
direction in which the second group motor 2804 rotates
and the angular displacement of the second group motor
2804 fourthereby performing the zooming operation in
order to equalize the position of the second group lens
12 along the optical axis to a target position based on
the reference position and the positicnal data.

A process performed by the contreoller 128 to
establish the reference position of the fourth group lens
16 is the same as the process described above, and hence

will not be described below. After having finished the
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order to equalize the position of the fourth group
lens 16 along the optical axis to a target positiaon
based on the reference position and the position§|o5P0184
data. According to the present enbodi nent, the second
group position detecting neans 34 is provided for
generating positional data corresponding to the
position of the second group lens 12 along the

optical axis. The angul ar displacenent of the second
pgraEE STeto e s2804 iisd 1 ngotheo|dedd: riem oer ders itte. caqupd] itZe
the position of the second group lens 12 along the
foptrittalgraxics ltemst He ,t argetcorgasiltlican 13ds ecbrorralife the
positional data supplied fromthe second group
dpesiduiem det ectidig thears34h Idradupe mogasi t32dnalr adattae s
remai ns unchanged for a certain period of tine while
ahRE t$RC NG AIQURIIBHICIc 2804 I Igheg Glaalxton,grddremdttor
is judged that the second group lens 12 is forcibly
Stopped, against, MMemEtinAntd e seaenrd (group i Jotiarl
2804 is imedi ately de-energi zed. Furthernore, the

f I | t BCldN G £ MBRANS 36-1i1S i dedhs
9 orlggﬁgra iﬁggﬁ%é???éﬁgf data 35 S05P0184 P

rr-e ' e Josi ti f ity
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al ong tz{qcecooxpc}iincgaltoaxciﬁc’e tg?résheentt aén%eédi%esi‘ig,i L basednqg

on the
group position detecting means 34 is provided for
generating positional data corresponding to the position
of the second group lens 12 along the optical axis. The
angular displacement of the second group motor 2804 is
controlled in order to egualize the position of the
second group lens 12 along the optical axis to the target
position based on the positional data supplied from the
second group position detecting means 34. If the
positional data remains unchanged for a certain period of
time while the second group motor 2804 is in rotation,
then it is judged that the second group lens 12 is
forcibly stopped against movement, and the second group
motor 2804 is immediately de-energized.

Furthermore, the fourth group position detecting

means 36 is provided for generating positional data
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positional data supplied fromthe fourth group

position detecting neans 36. If the positional data
remai ns unchanged for a certain period of tinme wid¥0184
the fourth group notor 3204 is in rotation, then it

is judged that the fourth group lens 16 is forcibly

st opped agai nst novenent, and the fourth group notor
3204 is imedi ately de-energized. Therefore, when the
helical springs 2808, 3208 are conpressed dependi ng

c@ir tede qrabirtg ao alengddies 1 aptd L al haaxieiofh tdesgecord 16
group lens 12 or the fourth group lens 16, if the
MIGNG Horas of 1 the el itted aspringsii2git eS8 as® the

i ncreased to place an excessive |oad on the second

o A 2804 or3ade fourdte group Imteards204d the
second group lens 12 or the fourth group lens 16 can

L Mved 1Q fHAGCWALS NS At ANE-NeNCeend hes along
feedlng accuracy fourthe | enses is increased.

tfr?e[m | ar ¥ax @MC&@S&]&%IS he, § 8edi N0, AGLHr &€ Ve he

& Second group lens advant ageous to
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group 1's6 a vant'ageous to
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group motor 3204 is in rotation, then it 1is judged that
the fourth group lens 16 is forcibly stopped against
movement, and the fourth group motor 3204 is immediately
de-energized.

Therefore, when the helical springs 2808, 3208
are compressed depending on the position along the
optical axis of the second group lens 12 or the fourth
group lens 16, if the urging forces of the helical
springs 2808, 3208 are increased to place an excessive
lcad on the second group motor 2804 or the fourth group
motor 3204, the second group lens 12 or the fourth group
lens 16 can be moved to an accurate position, and hence
the feeding accuracy fourthe lenses i1s increased.

Particularly, an increase in the feeding accuracy
fourthe second group lens 12 is advantageous to guickly

and accurately set the zooming ratio of the imaging
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the fourth group notor 3204 is imediately

de-energi zed when the second group lens 12 or the
fourth group lens 16 reaches the forward limt S05P0184
position or the rearward limt position, the interna
threads of the internally threaded nenber are

reliably prevented fromsticking to the interna

threads of the externally threaded nenber when the
external ly threaded nenber continues to rotate while
oblte ciant eraldny itchr eaded dreniberd ivalate r estlsclhenefioresease
the externally threaded nenber does not need to have
1thheCQ%\é%ﬂtdgo%cdr%|c§7 regirans @nd-thergethadensie is
barrel can be reduc in size by the spaces occupi ed

%ot Beadlie gdeg ans. qdl%&qmatdcpraccﬁﬁ:ait@aﬂ Hear iR ons
are not required, the externally threaded nenber may

fave ; e%}ernal threads over substantially the ful
Iengt thereof. Wth this arrangenent, the second

| r
group %nu%t]r%r‘?r[oﬁe{"e Jiqud %"éﬁ riength ® WDe 2804 o

aned in range close to t of the

T )?t gﬁ r%n %tt I}e %frl%al |n¥n c{laecaeqt%f%g ized

ng in an advantage 0 pr

PeRe 4& dc;q{gcl aggg%ﬁh S DS SR LR ons 16

up Iens I‘ona

dat Second r.ou ot r 2804 or

B tBug ot Pt ot fizeg rseas%%afa@amt
ref erence position for a dlstance over, which
position, the internal threads of the 1nternally threaded
member are reliably prevented from sticking to the
internal threads of the externally threaded member when
the externally threaded member continues to rotate while
the internally threaded member is at rest. Therefore,
the externally threaded member does not need to have the
conventional idle regions, and hence the lens barrel can
be reduced in size by the spaces occupied by the idle
regions.

In addition, as the idle regions are not required,
the externally threaded member may have external threads
over substantially the full length thereof. With this
arrangement, the second group lens 12 or the fourth group
lens 16 may be moved in a range clilose to the full length

of the directicn in which the externally threaded member

extends, resulting in an advantage to provide a
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the second group lens 12 or the fourth group lens 16

is to nove along the optical axis or a position to

whi ch the second group lens 12 or the fourth gro&95P0184
lens 16 is to nove along the optical axis.
Consequently, a detectable elenment or a sensor such

as a photointerruptor which has heretofore been
required to establish the reference position nmay be

di spensed wth, and the lens barrel may be reduced in
dgisza sprtche spacecodoupitdée By dorel getugctlabise 181 enerthe
or the sensor. The imaging optical system 104 such as
fam rithnefroufpodusid ars according to the present

enmbodi nent, for exanple, is required to provide a

| arge ditgpl aeenBiiton:St eke faurdke seeorndthagreumdensroup
12 for achieving a high zoomng ratio. However, the

dcarge sicsplAc emente Sidtok e r JRCHRASHS AR UrYiRg-drerepszed
produced by the helical 'spring as it is conpressed,

j%%gﬁﬁ!%ﬁﬁgi%%ﬁéﬁkﬁégaﬂaﬁ%#ﬂ&h apcWy acys{fourd hedengicn

i ncreasing the dinension of the lens barre
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move along the optical axis. Consequently, a detectable
element or a sensor such as a photointerruptor which has
heretofore been reguired to establish the reference
position may be dispensed with, and the lens barrel may
be reduced in size by the space cccupied by the
detectable element or the sensor.

The imaging optical syétem 104 such as an inner
focus lens according to the present embodiment, for
example, is reqguired to provide a large displacement
stroke fourthe second group lens 12 for achieving a high
zooming ratic. However, the large displacement stroke
increases the urging forces produced by the helical
spring as it 1s compressed, greatly affecting the feeding
accuracy fourthe lens and increasing the dimension of the

lens barrel assembly along the optical axis. According

to the present invention, the above drawbacks are
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Enbodi ment 2 differs fromEnbodinent 1 in that the

i magi ng optical systemincludes a collapsible |ens.

Figs. 9A through 9C are cross-sectional views of S§35FP0184
coll apsible lens. Fig. 9A shows the collapsible |ens

in a collapsed state. Fig. 9B shows the coll apsible

lens in a wde-angle state. Fig. 9C shows the
collapsible lens in a telephoto state. Fig. 10 is a
cross-sectional view of a novable | ens. Those

Aartirens dandepantts. rghawn adwarfagses 94 tihroughs <O Chand

Fig. 10 which are identical to those according to

fedadigrenicuk aane fdenaired lynd dent itcalrediefergncesize of
characters, and will not be described in detai

hel 0w Apshen Adgsdrigs:. 9A through 9C, the imaging
optical system housed in the lens barrel 1 is of a

ngggkiﬂyﬁQuQ)configuration including a first group
ens 50, a second group lens 52, and a third group

| ens 54 Etnﬁj%t%ig{e £ SUGEESSIel b AL aNgedyd ihid he or der

naned fromt ront side toward the rear side. The

| ens barrel L . ' . fir.sty
s03POLBE TG s B A T Sarsrd i 6ls | ens

6 AR a0 PSP L B = ALY 1D Rens.

urve a Mnmovi ng nec ani sm Vi ng cam

(119 21 A A OGSy S LGN IR 19, ML
a?€§§¥f2§§%ﬁf%zHﬁgu?fes§?g. 9A shows the collapsible lens
in a collapsed state. Fig. 9B shows the collapsible lens
in a wide~angle state. Fig. 9C shows the collapsible
lens in a telephoto state. Fig. 10 is a cross-sectional
view of a movable lens. Those portions and parts shown
in Figs. 9A through 9C and Fig. 10 which are identical to
those according to Embodiment 1 are denoted by identical
reference characters, and will not be described in detail
below.

As shown in Figs. 9A through 9C, the imaging
optical system housed in the lens barrel 1 is of a three-
group configuration including a first group lens 50, a
second group lens 52, and a third group lens 54 that are
successively arranged in the order named from the front

side toward the rear side.

The lens barrel 1 performs zooming when the first
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invention is slightly displaced along the optica

axis. Specifically, the lens barrel 1 is arranged
such that the first group lens 50 and the second SO5F0184
group lens 52 are slightly displaced to change the
focal length, and the third group lens 54 is

di spl aced to correct a focused position that is

di spl aced by the change in the focal |[|ength, thereby
properly focusing a subject inmage. As shown in Fig.
dghyugt hie=rtshi ¥ drehstigr cagedddd oruresiporEsS 2 ;e dowaitdd
group lens 16 according to Enbodinent 1, and the |ens
darricel « hasoE: g di angl sresdhant sing 30> forcgui alimgedrhecurve
third I ens group 54 along the optical axis and an

ALt ald g Jreed e rsing 8 2h  ©f ngroydm or drives tand dcamgrotgpoves,
I ens along the optical axis. The guiding nmechanism 30

A0 Sher actdiatd ngs IREhan s MBR Bl erespenip aldys the
same structure as the fourth group guiding nechani sm

20 and 1he, fQurddy Oroups a&é@@&mg? NEs hand Spr S2ent

according to Enbodinent 1. The coll apsible | ens al so

) . . . i \, i .
ch{gin e dmptpe aion ot sion e s NAD o

%%%Jgﬁt%gﬁ;g{ :eg% %@é%%ﬂépfl r@yiﬁ&g{%@%@&k e8NSt he

axi s has the Tnterna t hr eaded

b h '
g ng redne 7 BT oPhg he TRadTu R e i e

;fg]I%fgléfgpfgéégn%éwbﬁgnégethe focal length, and the

third group lens 54 is displaced to correct a focused
position that is displaced by the change in the focal
length, thereby properly focusing a subject image.

As shown in Fig. 10, the third lens group 54
corresponds to the fourth group lens 16 according to
Fmbodiment 1, and the lens barrel has a guiding mechanism
30 for guiding the third lens group 54 along the optical
axis and an actuating mechanism 32 for moving the third
group lens along the optical axis. The guiding mechanism
30 and the actuating mechanism 32 are essentially the
same structure as the fourth group guiding mechanism 30
and the fourth group actuating mechanism 32 according to
Embodiment 1.

The collapsible lens also coffers the same

operation and advantages as with Embodiment 1.
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external threaded nenber into abutnent against the
internally threaded nenber. However, the actuatin
mechani sm may be constructed as follows. The actu%ﬂﬁﬁ9184
nmeans has an internally threaded nenber on the

novabl e I ens, an externally threaded nenber threaded
inthe internally threaded nenber and extendi ng

parallel to the optical axis, a notor for rotating the
external ly threaded nenber, and urgi ng neans for

urgi ng Admemivablte [Eabpodimatie llondit ddicnactdiateidid on

of the external threaded nenber. The above
maichamgenefor soalisw cdpalklceradfl coffeagrd gl ortchelsamptical
operati on and advantages as descri bed above.
aAGGOMd NG Heo ibdeadiatent sHireRjed henesi tirat det ectdaggpte
means has the magnet and the MR device. However, the
Re% tiHen ndete0td ngmeans] ithdatrding tethio fdhaseying the
conmponents, but may include a position detecting

1SENSAle haH NG rA tRINGIN AN Hal |didesd CiesrDro Amyh Of
various conventional position detecting sensors.

Aeeardiing 1,0 FHRoddeNS ht? adh a0 LAMmBIA hase 41
SBP0184 been described as the i mage capturing

ﬁﬁ%%rr?at Lﬂ]sye eﬁbﬁ’é%\égdgir{{%xpfexpf eseleddWentHOn dSuating

applica to a still canmera or any of

HH AP L dRE AR a0paats, L ndustr al
pricabi I'it'y According to the present invention,
since t%%e actuating means has an internally threaded
member on the movable lens, an externally threaded member
threaded in the internally threaded member and extending
parallel to the optical axis, a motor for rotating the
externally threaded member, and urging means for urging
the movable lens in the longitudinal direction of the
external threaded member.

The above arrangement is also capable of offering
the same operation and advantages as described above.

According to Embodiments 1, 2, the position
detecting means has the magnet and the MR device.
However, the position detecting means is not limited to
these components, but may include a position detecting
sensor having a magnet and a Hall device or any of

various conventional position detecting sensors.

According to Embodiments 1, 2, a video camera has
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first controller controls the angul ar di spl acenent of

the notor in order to equalize the position along the
optical axis of the novable lens to a target posii5ﬁ9184
based on the positional data supplied fromthe

position detecting neans, even if the urging forces

of the urging neans are increased depending on the
position along the optical axis of the novable |ens,
posi ng an excessive |oad on the notor, the novable

beens ceart dddatb\asl the altageurapeur pogi £PBAraANd - hedlcwever,
the feeding accuracy fourthe novable Ilens is

thec peasech.t Burtshrdrimor d,5 siprce aaie.esdconrd darittad] 1srill
judges that the novable lens is forcibly stopped
cagairastor nowereEntyaandusnmedicat elnaoke -cempdngiizes dampratus.
not or when the positional data remains unchanged for

a certain period of tine while the notor is in

rotation, the internal threads of the internally

hireadad Imepheri ang riely ably prevented from sticking
to the internal threads of the externally threaded

menber vhen, the Exiermal Inrddupaded dmnher, 42 SA3ROLS4

continues to rotate while the internally threaded

fq‘?:@%e odtsrﬁlefzesctont-mﬁr§ft@{ee’aﬁﬁﬁtﬁrﬁéd@ﬂ&{@@ﬁdﬁe

does not need to have the conventional idle

mo %' orl%, C%Q%r hc%']ce Jaﬁ%ée eg;{d'{ietlﬁ%fe reggewdo thcal

e by t spaces occupl e I ons

axis of the movable lens to a target position based on
the positional data supplied from the position detecting
means, even 1if the urging forces of the urging means are
increased depending on the position along the optical
axis of the movable lens, posing an excessive load on the
motor, the movable lens can be moved to an accurate
position, and hence the feeding accuracy fourthe movable
lens is increased.

Furthermore, since the second controller judges
that the movable lens is forcibly stopped against
movement and immediately de-energizes the motor when the
positional data remains unchanged for a certain period of
time while the motor is in rotation, the internal threads
of the internally threaded member are reliably prevented
from sticking to the internal threads of the externally

threaded member when the externally threaded member
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S05P0184 CLAIMS 1. A lens barrel assenbly having a
novabl e I ens disposed in a |lens barrel for novenent
along an optical axis, an actuating nechani sm forS05P0184
novi ng said novable | ens along the optical axis, and
control nmeans for controlling said actuating
mechani sm wherein said actuating nechani sm has an
externally threaded nenber extending parallel to said
optical axis, a notor for rotating said externally
achirtdaded rrentert,atan Whitler fdld yintedwdedy rensaded member
nonr ot atably threaded over said externally threaded
ireierefsor. moNrenerto ral ,orfdnes aixd: saxtaer nal thyr advehdednber
menber into abutnment against said novable lens in
deesponge riaed rat atdwen tdfe sairdraaxtienmal | ydidreaded:s, and
menber, and urging neans for urging said novable |ens
Hahddha Hoongindudianate 1 diaredid aredfceshi th ext=as nat |yhe
t hreaded nenber to nove into abutnment against said
doternaldangiveaded nenbers sajibdens barrel assenbly
urther conprising position detecting neans for
detecting a position of said novable |ens along the
optical axis and generating positional data
corresponding to the detected data; and wherein said
control neans conprises a first controller for
controlling an angul ar displacenment of said notor in
order to equalize the position of said 44
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S0520184 novable I ens along the optical axis to a
target position based on said positional data

supplied fromsaid position detecting neans, angS§5F0184
second controller for judging that said novable |Iens

is forcibly stopped agai nst novenent and i medi ately
de-energi zing said notor if said positional data
remai ns unchanged for a predeterm ned period of tine
while said notor is in rotation. 2. A lens barre
assenbly havi ng a novabl eCL8A¥S di sposed in a |ens

barrel for novenent along an optical axis, said

movabl eil.end Beisgbaomedt asabme labbarisai ¢ mopeidgl lens
axi s, an actuating nmechanismfor noving said novable
diepssationg théecapt bealreaxifor awdeoentr ellomgars opdrical
controlling said actuating nmechanism wherein said
a&Gkyatihng cieehanigs mehasrdrm ifotretmalilny tshrieadedamdrbérens
nount ed on said novable lens, an externally threaded
aTepber nthogaded 1i Bxsai,d aindt eohldoy rdareaded memhenlling
and "'extending parallel to the optical axis, a notor
500 Lokaki-ng Saldrextiernal |y threaded menber, and
urging neans for urging said novable lens in the

l'ongi t udinal. ;di r.egti oR Qfz Sald rehnald hihrgaded
menber; said lens barrel assenbly further conprising
SIRitqn detecting mrans.f ordelect] oA Real teonak

bvabl'e Tens along the optic axi s and
c%&gﬁgﬁtgggsésa motor for rotating said externally

threaded member, an internally threaded member

nonrotatably threaded over said externally threaded

member for movement along said externally threaded member

into abutment against said movable lens in response to

rotation of said externally threaded member, and urging
means for urging said movable lens in the longitudinal
direction of said externally threaded member to move into
abutment against said internally threaded member;
said lens barrel assembly further comprising
position detecting means for detecting a position of said
movable lens along the optical axis and generating
positional data corresponding to the detected data; and
wherein said control means comprises a first
controller for controlling an angular displacement of

said motor in order to equalize the position of said
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SO05P01L84 positional data corresponding to the
detected data; and wherein said control neans
conprises a first controller for controlling an S05P0184
angul ar di spl acenent of said notor in order to
equal ize the position of said novable |ens along the
optical axis to a target position based on said
positional data supplied fromsaid position detecting
means, and a second controller for judging that said
moveabke Leess alonfotdichloptsrepped iggairnst g wsie RO S &Adn
i mredi ately de-energizing said notor if said
ppesidt ibonak idapasrenmned vrdchasges fied 4 reredetier mosdd ion
period of tinme while said notor is in rotation. 3. The
deers thagr eleaass erbldy saceardicngond relldiem Fororjugliging that
wherein said second controller establishes said
sRQS hican@ll edatea swhen maicd Hist e cipp edie seengitz e vasmeat
reference position for a distance over which said
ARV abke qilens 4 %iet—‘ér@‘\éﬁ Aheng atilke repldrcalf adist or a
position to which said novable lens is to nove al ong

ptol'é%t(lg:_trja(‘ialda@&: Serfi nHNeid @SR rR)r assolatermined

according to claiml or 2, further conprising: a

eCih 'o”%fmccigr@ni)va J]dé' sposedddy.said ilensdarrgl. for

gui di ng sai e lens along the optical axis,

said guiding HEGhARlSHAANGA QIR ShAML XA Nns
along the optical” axi's and engagi'ng in a bearing on
é¥§5%§g% in a lens barrel for movement along an optical
axis, said movable lens being nonrotatable about said
optical axis, an actuating mechanism for moving said
movable lens along the optical axis, and control means
for controlling said actuating mechanism,

wherein said actuating mechanism has an
internally threaded member mounted on said movable lens,
an externally threaded member threaded in said internally
threaded member and extending parallel to the optical
axis, a motor for rotating said externally threaded
member, and urging means for urging said movable lens in
the longitudinal direction of said externally threaded
member;

said lens barrel assembly further comprising

position detecting means for detecting a position of said

novable lens along the optical axis and generating
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sO05P0184 novable I ens for guiding said novable | ens
al ong the optical axis, said urging neans includin
helical spring coiled around said guide shaft an%l(%g10184
having an end resiliently held against said bearing
and the other end resiliently held against said |ens
barrel. 5. An inage capturing apparatus including a
|l ens barrel assenbly having a novable |ens disposed
in alens barrel for novenment al ong optical axis,
p@nlac©ualuﬁ@tan@@hé©$@ﬂnﬁéﬁgnﬁv|h@esﬁﬁaeﬁgﬁﬁbﬂétﬁenénd
al ong the optical axis, and control neans for
controIWhﬂgesaldaa@tuantngl meshaniefprifefsernfs&rd
actuating nmechani sm has an externally threaded nenber
cext entliag paratbetrodlsapdanophpoabragisplacapese Pér
rotating said externally threaded nenber, an
shnkenpabkyitheeaded: oeshenlinentbtapabliyivhr eddedidver
said externally threaded nenber for novenent al ong
n8ahd1extenpahlynyheradedrmeabenxiknte abutmget againstn
said novable lens in response to rotation of said

bgééﬁrﬂﬁlEX18hﬁ@@ﬁ@ﬁoﬂﬁﬂb@étaadeP&@bﬂgfrﬁﬁaﬁaiﬁoposition
urging said novable lens in the |ongitudina

dgEESEEh n.efnsai dnextespabhy threadedcrember jLagiBYethat
Into utment against said internally threaded

ngHbﬁgvagg%dlEﬁgslga%5§E1@§§eng¥pEBr%B%ﬁn%@”&bb%h@ﬁt

p05| etecting neans tor detecting a position of
47,

aggllmmediately de-energizing said motor if said
positional data remains unchanged for a predetermined
pericd of time while said motor is in rotation.

3. The lens barrel assembly according to claim 1
or 2,

wherein said second controller establishes said
positional data when said motor is de-energized as a
reference position for a distance over which said movable

lens is to move along the optical axls or a position to

which said movable lens is to move along the optical axis.

4. The lens barrel assembly according to claim 1
or 2, further comprising:

a guiding mechanism disposed in said lens barrel
for guiding said movable lens along the optical axis,
said guiding mechanism having a guide shaft extending

along the optical axis and engaging in a bearing on said
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SO05P0184 novable | ens along the optical axis and
generating positional data corresponding to the
detected data; and wherein said gontro? nmeans 805P0184
conprises a first controller for controlling an
angul ar di spl acenent of said notor in order to
equal i ze the position of said novable |Iens along the
optical axis to a target position based on said
positional data supplied fromsaid position_ detecting
mpEahse AR safo&c oA CEoRt FGILCe OGP IPudgg SR d
nmovabl e lens is forcibly stopped agai nst novenent . and
obmredilateliy , dsadre igicdingg Msairg necerdindsgi gelical
positional data remains unchanged for a predetermn ned
spetingd cofi Leidme nwhinlde ssdicd avotder she fitn ainet &Eivéms &n And
i mage capturing apparatus including a lens barre
rassedbhy yavieig ageovatl ediehdagirsposedd nha ldhser end
barrel for novenment along an optical axis, said
revabket llvems leiang imenr lzdtcallen sabeutresai d opti cal
axis, an actuating nechanism for noving said novable

lens al eng ArhaneRld calpaxiisy afiboontusolimeansifora lens
controlling said actuating nmechanism wherein said

ractidat i-ng SReRANSTRAS abvdditennald vitdpeeaded mentieims
mount ed on sai'd novable lens, an externally threaded

b%arg%q £ epdedhdt saidhd nierdidl il tdrieaded nrifieting
and extending parallel to the optical axis, a notor
e QLA MG s X ternaldd ddreadad 48 ong the optical
axis, and control means for controlling sald actuating
mechanism,

wherein said actuating mechanism has an
externally threaded member extending parallel to said
optical axis, a motor for rotating said externally
threaded member, an internally threaded member
nonrotatably threaded over said externally threaded
menber for movement along said externally threaded member
into abutment against said movable lens in response to
rotation of said externally threaded member, and urging
means for urging said movable lens in the longitudinal
direction of said externally threaded member to move into
abutment against said internally threaded member;

said lens barrel assembly further comprising

position detecting means for detecting a position of said
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S0520184 nenber, and urging neans for urging said
nmovable lens in the longitudinal direction of saiﬁé
external Iy threaded nenber; said |ens barrel assé P&184
further conprising position detecting neans for
detecting a position of said novable lens along the
optical axis and generating positional data
corresponding to the detected data; and wherein said
control means conprises a first controller for,
meyRbrel ILieng &d oatglibar ogitdprdce sidiit 26X ISaicd afoter i n
order to equalize the position of said novable |ens
palsong orké olttiac aloraeispordiad agdthpasittcrd sided o
sai d positional data supplied fromsaid position

det ect i mpeeedms s adnd candecdndecart colrpari skor 4 Udgisig

that said novable lens is forcibly stopped agai nst
Jepiemgter drd icmedicdtielny de- emengiazi ny sdisdemstroy G f
said positional data remains unchanged for a

spriedelgion ned o ath elguilne enhiee saiid inot arf isadid
rotation. 49

movable lens along the optical axis to a target position
based on said positional data supplied from said position
detecting means, and a second controller for judging that
said movable lens is forcibly stopped against movement
and immediately de-energizing said motor if said
positional data remains unchanged for a predetermined
period of time while said motor is in rotation.

6. An image capturing apparatus including a lens
barrel assembly having a movable lens disposed in a lens
harrel for movement along an optical axis, said movable
lens being nonrotatable about said optical axis, an
actuating mechanism for moving saild movable lens along
the optical axis, and control means for controlling said
actuating mechanism,

wherein said actuating mechanism has an
internally threaded member mounted on said movable leng,
an externally threaded member threaded in said internally

threaded member and extending parallel to the optical

axis, a motor for rotating said externally threaded
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S05P0184

member, and urging means for urging said movable lens in
the longitudinal direction of said externally threaded
member;

said lens barrel assembly further comprising
position detecting means for detecting a position of said
movable lens along the optical axis and generating
positional data corresponding to the detected data; and

wherein said control means comprises a first
controller for controlling an angular displacement of
said motor in order to equalize the position of said
movable lens along the optical axis to a target position
based on said positional data supplied from said position
detecting means, and a second controller for judging that
said movable lens is forcibly stopped against movement
and immediately de-energizing said motor if said
positional data remains unchanged for a predetermined

period of time while said motor is in rotation.
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