SC6P0184 DESCRI PTI ON LENS BARREL ASSEMBLY AND | MAGE
CAPTURI NG APPARATUS Technical Field The present
invention relates to a lens barrel assenbly and an

i mage capturing apparatus, Background Art Image  S05P0184
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
novabl e I ens disposed in the |ens barrel and novabl e
al ong an optical axis teG&@fETIOWN nonr ot at abl e about
the optical axis, and an actuating nmechanism for
novi ng the novable lens along the optical axis. The
actuating nechanismincludes an internally threaded
hied eBARBIMt BESONBL heAnDVabheE | ensTURANGEXPERRALUS

t hreaded nmenber threaded in the internally threaded
menber and extending parallel to the optical axis, and
urgi ng neans such as a helical spring or the like for
™aghmgcd herpovabl e lens in the | ongitudinal direction
of the external threaded nenber. (see, for 1 S05P0184

exa”p|e’Tﬂ@H$en§§nPa£§@ént§bg PQEthQ t80921e§§789g}e1

The novabl e s has a detectabl e el enent
assembly and an image capturing apparatus.

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 parallel to the optical
axis, and urging means such as a helical spring or the
like for urging the movable lens in the longitudinal

direction of the external threaded member (see, for



the lens barrel has a sensor such as a

phot oi nterruptor for detecting the detectable

el enent. When the novable lens is noved al ong the
optical axis by the actuating mnechanism the sens8p5rP0184
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

. (controls the novenent) of the novable | ens based
anthbe, redernence Bposhti daidlaptheNeongenti-asabobens
barrel assenbly, the helical spring is conpressed
dependi nth®nmdheo POSILELONHOE at hetaevablie keaseakongnd

the optical axis. The urging --force of the urging
RaNse Changese dependi ngefBotheudagrge s baowBiighetheptor
helical spring is conpressed., if the urging force of
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on the notor, then the angul ar displacenent the notor
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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 to 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 on

its opposite ends which are of .-. dianmeter smallgp5pr0184
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
assenbly. The detectable el enment of the novable |ens
tatkadde BefsOr, suchtrs @opbet ebAt entupt 85 ebtkhe Likene
al so take up spaces which also make it difficult to
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the actuating nmechanism wherein the actuatlng_
amf S ks nowever, takes up spaces in the direction

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.

Disclosure of Invention

The present invention has been made in view of
the above problems. It is an object 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



an externally threaded nenber extending parallel to

the optical axis. a notor for rotating the externally

t hreaded nmenber, an internally threaded nmenber

nonrot atably threaded over the externally threadedS05P0184
menber for novenent along the externally threaded

menber into abutnment against the novable lens in
response to rotation of the externally threaded

menber, and urging neans for urging the novable |ens

in the longitudinal direction of the externally
konedoedr renber tovervet | at endbatnepticagaprhse .t A
internally threaded nenber, the lens barrel assenbly
Fafredierng med clthmigsposd t iropv degethengoneans fens along the
detecting a position of the novable |ens along the
aptical axis, andd generabtl ngeposi foonabndabaling the
corresponding to the detected data, and wherein the
goni ol ngreanshan neh udase se fhrshecontnat ey fhechanism has
controlling an angul ar displacenent of the notor in

of dettd oneyual tze-dded Roshé+oaxeEntihegnpyabl echens the
along the optical axis to a tar.get position based on
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fggcﬁoééhéﬁk £f%£6iéﬁé 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 move into abutment
against the internally threaded member, the lens barrel
assembly 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



According to the present invention, there is also
provided a | ens barrel assenbly having a novabl e | ens

di sposed in a lens barrel for novenent al ong an

optical. axis, the novable |ens being nonrotatabl 805P0184
about: the optical axis, an actuating nechanismfor
nmovi ng the novable |lens along the optical axis, and
control nmeans for controlling the actuating

mechani sm wherein the actuating nmechani smhas an
internally threaded nmenber nounted on the novable

s efSped@nEextesnahbyethbreaded inrabertkhyeadednengtheng
internally threaded nenber and extending parallel to

tihe ptdcal r axhs, p@s Pt Ohal OHarKotakhngst bﬁcﬁéhﬁéaakby a
t hreaded nenber, and urging neans for urging the

pRvabl & ensqi P theql ongt tydi pak 1 di Eget i8R, -Of st he
externally threaded nenber, the |l ens barrel assenbly

fawtiher, including position detecting nmeans for

detecting a position of the novable |ens along the

opti cal ' gene i Lti a. .
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for. Judging that the novable lens is forcibly
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, 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 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



st opped agai nst novenent and i nmedi ately de-energi zi ng
the notor if the positional data renmai ns unchanged for

a predetermned period of tinme while the notor is in
rotation. According to the present invention, thereyspro184
further provided an i mage capturing apparatus

including a |lens barrel assenbly having a novabl e

Lens disposed in a |lens barrel for novenment al ong an
optical axis, an actuating nmechanismfor noving the
novabl e I ens along the optical axis, and contro
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optdetn axi s and generating positional data

correspondi ng
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, 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 move into abutment



to the detected data, and wherein the control neans
includes a first. controller for controlling an angul a
di spl acenent: of the notor in order to equalize the
position of the novable lens along the optical axis030184
a target position based an the positional data
supplied fromthe position detecting- neans, and a
second controller for judging that the novable lens is
forcibly stopped agai nst novenent and i mmedi ately
de-energizing the notor if the positional data
Fenaigts tirc hangedthd ory at lpredét@rmemedr perhedlefist baerel
while the notor is rotation. According to the present
dgneemtliorfurtthese irscl ddinkdg eso pitovodede dct Mgemeans for
capturing apparatus including a |ens barrel assenbly
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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 positional 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,



detecting neans for detecting a position of the

nmovable |ens along the optical - axis and generating
positional data corresponding to the detected data,

and wherein the control neans includes a first S05P0184
controller for controlling an angular displacenent of
the notor in. order to equalize the position of the
novabl e I ens along the optical axis to. a target

posi tion based he positional data supplied fromthe
position detecting nmeans, and a second controller for
grudgitngritahiaty titrer @bl eetlens tisrdaded bly tstoppedrnally
agai nst novenent. and i mredi ately de-energi zing, the
tierddd Mdioposidd onat e flat @g reapd NBe unebangedop ot cal
predeterm ned period of time while the notor is in
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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
stopped against movement and immediately de-energizing
the motor if the positional data remains unchanged for a
predetermined period of time while the motor is in

rotation.

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

Embodiment 1.



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 f&p580184
controller 123 to establish a reference position of a
second group lens 12. Fig. 9 is a. cross-sectiona

view of a lens barrel L according to Enbodi nent 2.

Fig. 10 is a cross-sectional view of a novable |ens.

Best Mbde for. Carrying out the Invention The object

t o i ncredse. t heifeediorg saecuriacy figw,a asrovabled| énsm rear,
and to reduce the size of a lens barrel is achieved

o posi tname dedect + gy neansrionsdet ecting a SC6P0184
position of the novable I ens along the optical axis

and genef@tihgiposibionnl ddayaagoprespendinaget eabharing
detected data, and control means including a first
Lomirother for controlling the position of the

novable lens to be equalized to a target position and

a secondrcontsoller o pLpEudgi,ngyt bat Ehg mxﬁébho%r&%msl.
is forcibly stopped agai nst novenent and i mmedi ately

st oppi ngr{he ﬁvyébéecr&§QSse&EFBﬁQi"§EEw ), cEhadi pRat
1 of the present invention e
barrel 1.

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

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

Fig. 8 1is a flowchart of a process for a
controller 128 to establish a reference position of a
second group lens 12.

Fig. 9 1s a cross-sectional view of a lens barrel
1 according to Embodiment 2.

Fig. 10 is a cross-sectional 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

achieved by position detecting means for detecting a



descri bed below with reference to the drawings, Fig. 1
a perspective view, viewed from front, of an inmge
capturing apparatus according to Enmbodinment 1, ....gq,
2 is a perspective view, as :sewed Promrear, of sher0184
I mage capturing apparatus, and Fig. 3 1is a block

di agram of the inage capturing apparatus. As shown in
Figs. _ and 2, an, inmage capturing apparatus 100
according to the present enbodi nent includes a video
canera having a case 102 as an outer housing. A lens
maTeloh aeconPDdatinle anehHBGLBPgOpheCcaptsysteaxl84and
is nmounted an an upper portion of a front surface of

ddrec casend sgbléﬂayp@@fasébiﬁégpgﬁdihg €8senhell2tected
there are di sposed a pop-up flash unit 105 for 10

BP0 184y @8&E£bﬂgm@§§éslh¥§uhh88ta“@??sEaEBHEkegler for
i mges, a m crophone 106 for recording sounds, and a
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lens.

(Embodiment 1)

Embodiment 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 outer
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

10



switch, a manual focusing switch, etc, are disposed on

an upper portion of the rear surface of the case 102.

A display :11.1 for displaying captured inages is

openably and cl oseably nounted on a side surface 0§05prP0184
the case 1102. A belt grip 11 for inserting a hand
therein for gripping the case 102 is nounted on the

ot her side surface of the case 1D2 As shown in Fig.

3, the imge capturing apparatus 100 includes an

I magi ng device 120 such as a CCD, a CMOS sensor, or

dihectike disposedei nightfeancendapotiting ohatbe, hkens
barrel 1 for capturing a subject image that has been

thocuserbby 1he FHROLDG. PRt h§akosystem 184, aRokMEe ror
processor 124 for generating i mage data based on an

d
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i splaving.the inmage data on the display 114, and a

%ﬁ%t? ?%rsﬂﬁga?%bluding a CPU, etc. for controlling

the ima rocess 1 24 and the displa rocessor
126 in ?@ggo%%%eog@%aT?%nao TPRgr EEﬁPESng&EP9ﬁ83808
128 is also arranged to contro

10. The controll er
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I magi ng. optical system 104 as described |ater, _
A pTurdlity of control switches 110 including a switch

for starting and stopping capturing moving images, a
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 102.

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

11



Structural details the Iens barrel 1. will he
described below. Fig. 4 is perspective view of the
lens barrel 1, and Fig. 5 is a cross-sectional view
of the lens barrel 1. As shown in Fig. 5, the indgidiy184
optical system 104 is optically constructed as an
i nner focus lens system made up of four |ens groups.
Specifically, if it 1is assumed that a subject side of
the lens barrel 1. is referred to as a front side and
an i magi ng device 120 side of the lens barrel 1 as a
thearinsioge dalteng rt e reopindialg axadsiuh heie theclf a4 ens
groups of the imaging optical system 104 include a
rfdgrsit i@y o drensidlGame, Secanthgf otprd ensr (i Bikd)j rd
group lens 14, and a fourth group lens 16 which are
Bugoessiprelde sydranged dy tdiesgizs SOy RMS4i naders mangd
fromthe front side toward the rear side. The |ens
Ry 18lsp1 Rerfior M, fy o NG actd om yhen - 1.he secondsy,
group l'ens 12 is actuated along the optical axis, and
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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-sectional view of the lens barrel 1.
As shown in Fig. 5, the imaging optical 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

12



More specifically, the lens barrel 1 has a Front:

| ens barrel 18 housing the first group |lens 10, an
internmedi ate | ens barrel 20 coupled to the rear end of
the front lens barrel 18 and housing the second grdipF0is4
lens 12, the third group lens 14, and the fourth group

| ens 16, and a base (rear lens barrel) 22 coupled to
the rear end of the internediate I ens barrel 20 and
hol di ng the inmaging device 120. The front. |ens

barrel 1 8, the internediate |lens barrel 20, and the
cralse 22made f raws disl - suchs tdmttatmyd Hdve respesidse
central axes aligned with the optical axis of the

I magi ng Toyt ileals bsyrsteelm 1104k Arpind er neghratreg watt 1 @002hen
extending in a direction perpendicular to the optica
tad Sdchrdi spesed 1ehd 206208 84t wdt e d ndreg nelk abetical
position in the internmediate | ens barrel 20 along the

aGAld,Caln BXYeS-f A AREIMAH 8 i Mt LFtTRsH atiee et he 2006rth
extending in the direction perpendicular to the

LRl aleraxiig iiss ditsppsed, behind the aimer medi aheivnal |
2002. The aperture internediate wall. 2006 supports an

I J5iS nqgﬁggi or ] i MDA L ght
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d%%ﬁﬂifgﬁ%if% is displaced to correct a focused position
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
assempbled such that they have respective central axes
aligned with the optical axis of the imaging optical
system 104.

An intermediate wall 2002 extending in a

direction perpendicular to the optical axis is disposed
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detail. below as it has no bearing on the subject

matter of the present invention. The base 22 is in

the formof a thick plate and has an opening 2202
defined therein on the optical axis thereof. The PasP184
22 aiso has a recess 04 defined in a rear surface

t hereof which faces forwardly tnrough the opening

2202. The imagi ng device 120 is highly accurately
positioned and fixed in the recess 2204 with its

i magi ng surface facing forwardly through the opening
a0 Mt eomadates inqwert suehiastam opteeatdiahe phsiss
cart filter, an infrared cut filter, or the like is
dirsposed ial drrpritheofortthiecd ek gy suikf atec of utrhe

I magi ng device 120, The first group |lens 10 includes
itrhregend ceinses wh 1002 Housedt emd amgl secuteddt oetheofir ont

| ens barrel 18. 14 SO 5P0184 The third group lens 14
dangdardiiscd &si ngl ecHengo t1dd2] housedi $ ndasosecupedih@ ahe
| ens chanber 2004 in the internediate wall 2002. As

idescmideddater,1 tdesecond group lens 12 is disposed
between the first group lens 10 and the third group

| ens 14,rand,gde furith: greepi densydb) i 3006 Spesgdrts an
between the iris mechanism 2.4 and the inmagi ng device

1320, mé@ﬂéﬁﬂéﬁﬂ24xﬁg¥) @s@in@n@héqﬁﬂ@uﬁ@péyriﬂght which
apparatus according to the ;present enbodinent will be

1%gilgénddbtgt$olﬁgé q\lfﬁagl:lir{gStdeéJI_éé'CIy(ﬁ atgy d‘l,eltxéu lﬁa&in&hgptical
system 104. The iris mechanism 24 may be any of various
conventional mechanisms, and will not be described in
detail below as it has no bearing on the subject matter
of the present invention.

The base 22 is in the form of a thick plate and
has an opening 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. BAn 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 to the front lens barrel 18.
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| ens 12, a second group guiding nechanism 2.6, and a,
second group actuating nechanism 28 will be described
bel ow. The second group lens 12 includes a second

group lens frame 1202 in the formof an annular S05P0184
pl ace, a | ens housing chanber 1204 provided as a
central opening in the second group |lens frame 1202,
and three lenses :1206 housed in and fixed to the

| ens housi ng chanber 1204. The second group |ens frame
1202 has a first bearing 1206 and a second bearing

1210 whiThe arlei dil sposed. lens tadiatlydest er spogiiti dnss
thereof and circunferentially spaced from each other
Hoxsthamesetonthguicenshafts d: 2ed2, cd2d8er1508AMi& the
extending parallel to the optical axis are inserted

iespecddvety througdnt he first bearing 1208 and the
second bearing 1210. Each of the first and second

gui de  shafdssdiiZed 12ddein the tormafgaoey! iBdeigal i
red having a constant outside dianmeter and has

PRRASId e ©NdSe et s ively_tonthe front
barrelé&iS ande?%e&%gggrgzg&Eﬁ&%hgé%?eggngsd £Rat heny

%%ﬁgp“f@ﬁg’lgheaﬁ&réﬁ aﬂﬁué@ﬁgggou uigﬁgfpgg%gzégéébsed

ext end through she internediate

e ameriyre Lt LA pLe, Vol £008, o A sort Dotz
fourth |§¥§h£{5g$aéé%g%nents of the image 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 second guide shafts 1212, 1214

15



in the present enbodinent, the first and second guide
shafts 1212, 1214, the first bearing 1208, and the

second bearing 1.210 nake up the second group guiding
mechani sm 26 for guiding the second group | ens 12 S05rP0184
reciprocally linearly along the optical axis, The

second group actuating nechani sm 28 serves to nove

the second group lens 12 along the optical axis. The
second group actuati ng nmechani sm 28 i ncl udes an
external ly threaded nenber 280 extending parallel no

d:henDipld Gl rAXi Sl 8 SECONShH QD #B1 O 2 2804 sHeheas a
stepping notor or the like for rotating the externally

AdY; xd ephelr 2802, cran 4 nter naddyi thr eadeds penber
2806 nonrotatably threaded over the externally

§£&ﬁp%%‘%ﬁ’d§rlt%ﬁ) _SOSfﬁﬁ%%ZéQg fPfsErDé(ﬁgEQécéh?n@uide

t he exter reade r 280; 1 nto abutmen

jnst ond. gr. ' r .
RIS LIS IARUEong oF alEPEPASEIESL o
a _helical spr.ing 2808 (corresponding to urgin ans
P e P A g e SERRRERL il peh o 8or B B

B Dl A et o of e Sxter el Y MEE0eg cn e
DAL e L S20E0, TR, 2000, L L0 BIE3E gcons
the internall t hr eaded nenber 280 are nade of a
Gl Tetierd al2l s Showe PR gt 160U Fhet BecontegReupate
Jg¥f”2&§¥ygnd the aperture intermediate wall 2006, 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

16



I's mounted on a notor nmount 810, and the externally

t hreaded nenber 2302 is coupled to the second group
notor 2804. The notor nount 2810 includes a first
support arm 2010A nounted on an end face of the caseP0184
of the second group notor 2804, a second support arm
28103; confronting the first support |leg 2810A, and a
third support arm 2810C i nterconnecting the first
support arm 2810a and the second support arm 28103'.
The third support arm 2810C extends fromthe proxinm
i dfort hedrestt suppoy ttlas ne 28dr0AL 1 antdh t dede s econite r
support arm :8103 is disposed on ..he distal end of
Adte tihivdd Ssupperit adda 2800 hd. Je SO8908§Aougheens 12 in
external ly threaded nenber 2:02 has a distal end (a

Aedpmarsd end along dhe, opth&ad xexisa 0f yt her S860Mtnembe r
group lens 12) rotatably supported in a bearing hole

Jdgn2 t hesecond suppost-af %@Egcogﬁé%ﬁlgdhtﬂ?oéé r$tging

and second support arns 2810A, 810. 3 no nount

@By itherne i di Bnd 0 28125 Q7 o PLgYeNti 09 $ he,
d%gan %t ?? ?he

internally threa er- 2806 rom rotating,

A R nsced {1 and sytenel oG, PR el
HEH&EQQ%ﬁxﬂPQEFﬁné¥%“%A€btiE&%%E%k against the internally
threaded member 2806. 1In the present embodiment, the
externally threaded member 2802 and the internally
threaded member 2806 are made of 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 a third support arm
2810C interconnecting the first support arm 2810A and the
second support arm 2810B.

The third support arm 2810C extends from the
proximal end of the first support arm 28104, and the
second support arm 2810B is disposed on the distal end of

the third support arm 2810C.
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over the externally threaded nenber 2802, and has an
engagi ng recess 2806A engaging the rod 2012 for.
preventing the internally threaded nenber. 2806; from
rotating. Wien the externally threaded nenber 280250sP0184
rotated in one direction and the other, the internally

t hreaded nenber 2806 is reciprocally noved al ong the

| ongi tudi nal direction of the externally threaded

menber 2802. The internally threaded nenber 2806 has

an end 2806E positioned rearwardly of the second

group | erse k2 tatrongl ¢ heh opddedl maxvsr The2ends2808Bstal
i s engageable with an engagi ng portion 1203 of the

@ul efa cidgwoundferen ialondg eghonowiithe secondfl ens keasrd
1202. The externally threaded nenber 1802 has externa

8 §OSRMIB4 2 t hr eaisar? SPosedi Pverpsubshanhbakl yn
the fall Iength thereﬁg %Fheld in mesh with the

it exnally §hyeaded , renber 2806, The second gr oup

actuating nechanism28 is assenbled in a front=

regi on of.t.he. i nter nediat e, )l gn ec@ﬁ%rgu 89r§uﬁgm5h§§1

phe di stal end of the external rea ed menber 280

d§i5¥“ 'ﬁ%¥3¥”ﬁ% n%o%@fbth@héreopé §9ép$§58 Qggod

the second group notor IS orien or war

f%fgmkégu%§g¥é§¥§n§x%ﬁe internally threaded member 2806

from rotating, the rod 2812 being spaced from and
extending parallel to the externally threaded member 2802.

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 outer circumferential
region of the second lens frame 1202.

The externally threaded member 2802 has external

18



The helical spring 2808 is coiled around the first

gui de shaft 1-21.2, and has an end resiliently held

agai nst the first bearing 1208 of the second group

lens frame 1202 and the other end resiliently hel#05P0184
against the front lens barrel. 18. The helical spring
2808 normally wurges the second group |lens frane 1202

to cause the engaging portion 1203 to abut agai nst:

the end 2806!= of the internally threaded nenber.

2806. Stated otherwise, the helical spring 2808

tiorarmal 4 W2 Ak gesiitdye ssetomde groups tdensafraneh420211 length
forwardly along the optical axis into resilient
tatnaehtaragaiaist itrhend gt ef niad | yh ¢ hi eiadeda henbenre 28686.
Therefore, the second group lens franme 1202, _.e.
rtdae>secauk group | ens 12, nove reciprocally Ilnearly
along the optical axis in response to novenent of the

19 intermal lae ddHpaged  prenbera 2806. nd it i ks agsuged

that when the second group notor 2804 rotates in one

M LLAION, i Ne 4 e @ééyoﬁ hg eaded 1ﬁ@é@zﬁéd§§gé oy es

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

S .nternéﬁgﬁo%dfhrea gy %5%85%%‘5%%%%2%3?%%2
t%roerlﬂj Inegr{ﬁérca%(@“lﬁ 38 %xé@& ?ee&gngrcg#gugl?hgn%h%

ves rearwar

t:Llcca %{XI S i d osnesceortl nPC\)/gn’erQétg}; %OI nt ern
% réaded ‘Henber group

forwardly along the optical axis.

Xted

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 normally
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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When the externally threaded nenber 2802 continues to
rotate in one direction, the surface of the engaging
portion 1203 of the second group |lens frame .202 ,

whi ch faces forwardly along the optical axis reaches a
forward imt position in which it abuts against the
first support arm 2810A of the notor nount 2810. When
the externally threaded nenber 2802 continues to
rotate in the opposite direction, the surface of the
ierk 806K tofrddred nietbwat (38 adr eaded nenber 2806
which faces rearwardly along the optical axis reaches

a rearward ild nid aosidd athdh whdcheid adidsd agadiStmotor
the second support arm 28108 of the notor nount 2810.

Lonsegientdy,in e secand 950Ut &nsy i $1 Mpviabl & ded

Wi thin range between the forward Iimt position and

i@ deargvy dhddu te 20, 30PPP18A nposid i k1 Jhe seconding

group actuating nechanism28 al so has ‘second group

&H t‘dffg] é:éeé elds}%cl‘(r)fﬁg&étr%ﬁpi@Zl d@é@&éé&%nt{ﬁe opposite

position of t ens 12 al ong she

cﬂﬂ:té.cccaiion axél'?'e qtrhgce%ﬁ{e]aelalgg 'ﬂgregé)&é& !n?é'}t%erd?éao6 mov?? y

correspordi ng ected position. Specifica
SIS MNP 49510 o0 BELEELL IS TED, S 10 B
l:l'eznos2 1851 qnoa%rensaglnier%eoarr%;/ S gf’v?a]ggf}i/ Caend rearwardly along the
optical axis in 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 to rotate
in the opposite direction, the surface of the end 2806B
of the internally threaded member 2806 which faces
rearwardly along the optical axis reaches a rearward limit
position in which it abuts against the second
support arm 2810B 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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(hereinafter referred to as MR device) 3404 nounted
the internediate | ens barrel 20. The magnet 3402 is in
the formof a rod extending parallel to the optica
axis, and is magnetized into an alternate array 60580184
pol es and N poles arranged small intervals ranging
from150 to 400 pm for exanple, in the direction in
whi ch the magnet 3402 extends. The MR device 3404 is
di sposed in confronting relation to the magnet 3402
with a predeterm ned gap provided therebetween. The MR
pdevtees. 3404 has its resistance value variable
dependi ng on the magnetic field generated by the

magnet 8A02sasohtl ARYES. aBasedien thehaehanged miide has
resi stance, the MR device 3404 produces a detected

sQ@éhH' g%hpsbga%loaoa@;b@rﬁ%gd s COr respoRdidng: itry
the position of the magnet 3402, or |n 21 SO6P0184

tH{e EBs‘i"‘BE@ﬁ okh%PQO%Ebﬁe gf- e 18econd gaq% lieps 12

g the optical axis <, arrangenent for

g@&ggﬁl g;a Bgal?eggrg%ﬁﬂgaggsqqgggkdaggggqéﬁgifg%?dﬁﬂ1ng

I SC osed I n Japanese

 EX ourth group lens 16, a fourth group
ggg § ESH “and a fourth group actuating

”ECha”'EnkggleEHHy, t%escrlg%%.%%3§g position detecting

means 34 has a magnet 3402 mounted on the second group
lens frame 1202 and a magnetoresistive device
(hereinafter referred to as 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 pm, 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 (positional data)

corresponding to the position of the magnet 3402, or in
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Since the fourth group |lees 16, the fourth group
gui di ng nmechani sm 30, and the fourth group actuating
mechani sm 32 are structurally simlar to the second
group lens 12, the second group guiding nmechani sm@B0184
and the second group actuating nechanism 28 they w ||
be briefly described below The fourth group |lens 16
includes a fourth group Ilens frane 1602, a | ens
housi ng chanter 1404 provided in the fourth group

| ens frame 1602, and two | enses 1606 housed in and
dftinxed wioar dishe drensdmiusidig charmersdeéddd Jheud i 1t s ang
second gui de shafts 1212, 1214 and the first and

a&%&%ﬂ@hﬁeaﬁﬁﬂgﬁﬂlﬁgﬁﬁhl6lo make up the fourth group
gui di ng nechanism. 30 for guiding the fourth group

| ens 16 pheGid0eaAlahd iﬂ'&ardeyt@é@ﬂggtehgp@ﬁﬂf% %%Maa

The fourth group actuating nechani sm 32 serves

né%%%Qla%ﬂ a%p¥$%pﬁg§fé§¢¥§]éyé%%%ééﬁmﬁﬂfb%ééﬁéﬁégﬁ?Eﬁpt

optical axis. e fourth group actuating

i ncl I y. threaded nenber 3202, a fourth
NigNCl¥aes 13n tgé:[o%%é?ﬂﬂle

group not or rotating the externally threaded

nmenber 02,- an . .internally threaded. menber 3206 .
nonr ot aﬁﬂ 61 y T éadsd upovlee}rlnﬁ Ejeée’ex‘;\1 ermal 1y PHrdadey-ding

RIS TP P S ong, LI S ERALY n
w&q%r%g %%%%%ﬂgggsggingresponse to rotation

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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of the externally threaded nenber 3202, and a helica
spring 3208 (corresponding to urging neans in clains)
for urging the fourth group lens :16 in the

| ongi tudinal direction of the externally threadeds05P0184
menber 3202 to nove into abutnent against the
internally threaded nmenber 3206. In the present
enbodi ment, the externally threaded nenber 3202 and
the internally threaded nenber 3206 are nmade Wa netal
material. The fourth group notor 3204 is nounted on a
moteort hamoimtr 32 1 o@ndl éhe exterarad | yhé hopadedl nerber
3202 coupled to the fourth group notor 3204. As with

THhe fot:ah muip 28300 desed iheath aboye, 32 hencios sapunt
3210 includes first and second support arns 3210A,

&:324L03: 1and et el skppest aran 32100 ik e E&nge&&ws
the first and second support arnms 3210A, 2103 The

ejernal 1y, dhreaded, srenpes f&%t¥ﬁ%é%gé§tﬂémg r 3202, an

:05P0164 end (a rearward end along the optical axis

q&éf}%flﬁg lrtteﬁkAeaocgfaJ RndB0S, 16)0 & q{@ﬁﬁ@wgqug{ﬁgg 4042

jbearlng e second support arm et ween
5 Wisle A PPERIBUODOLT LRS00 o SRR

IS0 EETL ra Pe At eLtally hgseged rarter.
against the fourth group lens 16 in response to rotation
of the externally threaded 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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t hreaded nenber 3206 fromrotating. Wen the

externally threaded. nenber 3202 is rotated in one

direction and the other, the internally threaded.

menber 3206 is reciprocally noved al ong the S05pP0184

| ongi tudi nal direction of the externally threaded

menber 3202. The internally threaded nenber 320$% has

an end 3206B positioned forwardly of the fourth group

lens 16 along the optical axis. The end 32063

engageable with an engaging portion 1603 of the outer
epidr danfrerentirdl endegilomooft henerftawatlh dxdrs If diee B0 th

20, The externally threaded menber <<:.- - has threads
g3202Aldnspadsed rover adbulystsanptical tieg time o dldadiengthrlef in

the direction in which the externally threaded nenber
t3202 cexhendspandthelreth i32essh with the internally

t hreaded nmenber 3206. The fourth group actuating

mechani s@:32eR thassemyedidd s derr gt efrridhes210n,
internmedi ate |l ens 24 S05P0184 carrel 20 such that

3bherdicst aheend ol hberextennal londhy saded dpiher .o 3202
is oriented forwardly al ong t'he optical axis and the

(howr %Ro%‘?ul%off%%v%%%dgs t9fd ened-nd16ar wal, yn &l AGiper
the optical axis. The helical spring 3208 00|Ied

B?rgglu:%?g%n[]l%mﬁgﬁggd ggh%gtﬁ%zﬁgrfei]‘%%sbearl ng 1608 aﬁﬂ%
t%Q%ad%%rh%m%rQU%ZO%n%rom rotating. When the externally
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 3202.

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 3202A 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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frame 1602 and the other end resiliently held agai nst

the base 22. The helical spring .2208 normally urges

the fourth group lens frane 1602 to cause the

engagi ng portion 1603 to abut against the end 320603P0184
of the internally threaded nenber 3206. Stated

ot herwi se, the helical spring 3=278 nornmally urges

the fourth group lens frane 1602 forwardly al ong the
optical axis into resilient abutnment against the
internally threaded nmenber 3206. Therefore, the

Botiréh oo ospchenisatrane 466021 ena. of the Eewethagneoup
| ens 16, nove reciprocally linearly along the optica

2t Sadidd eSReRs 3L 02 My eaentnetdoRe rykRtiekNallbyg the
t hreaded nenber 3206. .f it is assuned that when W

dour & dn gxoup Qﬁéofhe3ggérfﬁtgkgﬁp'ﬂo@B? dbpactiisonithe cq
internally threaded 206 nmoves forwardly al ong

E&?m?ﬂéiff af&‘h& ﬁ@d Wﬂeglt Qgsgourth group not or

3204 rot In e op osite direction, the

| nternal 4y tﬁéf?@&?hgﬁﬁﬁé ?399 VSElléﬁaB‘é’%ﬁ% %@%”9

the optical axis ourt group | ens

”D%’c?r?d' | ”%‘”Xhi?é""?ﬁf” y Sﬂgt hg%‘%’\?}g%ﬁt %'Sf%”gﬁgn%ly held

i'cal daxi's Thr sponsé 0

t t hr eaded menb 6. t er nal
%%”?ifi%%dt%nﬂjéf%%ag?%ﬁt AldsoFo hot SPTER Gt tens
{HE7 b1 T cadeds FeRbeF 9206 hhiERELY held Bgainst the

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

25



faces rearwardly along the optical axis reaches a
forward |imt position in. which .it abut : against
the second support arm MOB of the notor nmount 3210.
When the externally threaded nmenber 3202 continues to
rotate in the opposite direction, the surface of the
engaging portion 1603 of the fourth group lens franme
1602 which faces rearwardly along the optical axis

eaches a rearward limt position in which_ ji abuts
e b B ILSART SR RAR TN S et Wt
mount MD.  Consequently, the fourth group lens 16 is
T W thi ¢ a-harfge- bet weehl t het for wak® FPnFEDR group
position and the rearward limt position. The fourth
Tfitotpt QdtUER T ngt Methani S B2d aY senhakea FouFdhy grbeipd the

position detecting neans. 36 for detecting the
Posi ¢d oriefs tHe Tt Yrioupthensodenanongt t Hee
optical axis and generating positional data
lovrgwsplondi tgr 261kD5RO18Ar 390¢ he det ected position
~Specifically, the fourth group position detecting

means 36Vharhitche isxofridel ganersidectueebas $he2 second
group position detecting neans 36, has a nmagnet 3602
amuntreck ont ¢ heo faour tin grrotpdi enst fo@ret 1602u afdcano MR he
devi ce 3604 nounted on the internmediate |ens barre
2 32;10@ ME devd cien 3604 prpducesadedeteated posstiionah
EZézzirearwardly 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 position.

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



(positional data) corresponding to the position of the
fourth group lens 16 along the optical axis. The
configuration of a control systemfor controlling the
second group actuating nechanism 28 arid. the fo%f6§90184
group actuating nmechanism 32 will he described below
with reference to Pie, 7. The controller 128 controls

the rotation mot e direction and the other, the

angul ar di spl acenent, the rotational speed, and the

out put torque of the second group notor- 280.4

6ﬂqggg%é%ég%ggmbégl Orgriver 202, and also controls
" .

e rotation in one direction and the other, the

angul ar di splacement, the rotational speed, K and .
angularéﬁ%é? %ﬁéﬁﬁk’t%ﬁ%ﬂjO%é%grﬁf?%%r?%stb%% fotorting
3204 through fourth group driver 204. In the

e et 51 N ot B Gtpc ok oo SBbacarand
the fourth group notor 3204 include stepping notors.
TrePe 615, t i He Tot1ermaPes coht rivts ¢ haagnety 3602
805P0184 rotation in one direction and the other, the
TEgHear odi Spteacienerth $HEIR ot dt$ ohadne pbeds, aamdat iR

out put torques of the second group notor. 2804 and
detve Fo O rupe drotfort 8200 hyrreett 2ot | 1 amgs tirerrel 20.

sequence in which respective drive signals are
TogppR e viirasm 3! secoiukbes a detected positional signal

(positional data) corresponding to the position of the
fourth group lens 16 along the optical axis.

The configuration of 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 controls 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 embodiment, the second group motor
2804 and the fourth group motor 3204 include stepping

motors. Therefore, the controller 128 controls the
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o,nd ,. group driver 202 and the fourth group driver

204 to the second group notor 2804 and the fourth

group notor 3204, the nunbers of pulses the drive
signals, the frequencies thereof, and the duty rat0oeso184
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

al so supplied with a detected positionall signal

reprigsentimeidied position ofdthe fourth, grRUP2heRS, 16
fromthe MR device 3604 through. a fourth gr oup

defraictddigerd F atid 208t Thes contaohd er 128 nhLeg Ees
posi ti onal data of the second group lens ?2 and the

douftdy grouhd ens-46; basad, stogeéx‘%&t?ﬁ fourth
s the

positional signals. The contr 128 contro

g%ﬁfgpgrg¥%gQ§gg%uﬁfrgrouﬁgﬁgns fggamﬁ % g?gg:upp %h
SRR S MR S LIS 08, 07,8
Jf%“’?%:&%fv Y v qﬁdﬂrou @33%%% "W Epene
ste%ro%dz%q:rgurﬂjg mdr‘)cer atj ({]4 (aznoé)rrt]}{:eon%cgu?rlth group motor 3204,

the numbers of pulses of the drive 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 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 lens 12 which is supplied from the second group
detecting circuit 206 and a zoom signal supplied from the

zooming switch, fourthereby moving the second group lens
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Stated otherw se, the controller 128 controls the
direction in which the second group notor. 2804
rotates and the angul ar displacenent of the second
group notor 2804 under feedback.. control in ordéX0%E9184
equal i ze the position the second group |lens 12 al ong
the optical axis to a target position based on the
positional data. The controller 1.28 also controls the
fourth group driver 204 depending on the positiona
data of the fourth group lens 16 which is supplied
1f2r drmntwiae dflouctrh rgreowa rddiet ecltamyg tdig cuptti @08 anids & o
focus control signal, fourthereby noving the fourth
pgrrdupnt ensnlio o epsar iywrandodrearoved el ) al ong t he
optical axis to performfocusing operation (focus

control stEhed ecus o r ahesidaiialrd NGd Hdess &ontrols the
focusi ng- signal supplled fromthe manual. focusing

BWEh dnn g manual diecusi g dogde, gndia detegd £dotates
automatic focus signal generated in an automatic

n@%@%ng@%% Qe HItb belo V%ec%r?tﬁ Q?.rhoup motor

ot erwi se,” se, the controller 128 contr

%lt%l'd%rf LFL c{ba G of tl'}log{ﬁénr 'Egc'ls'J ?ef(%@' %, d ohal es

e angul ar cenent group not or

p%?sq et f@%d %%ouﬁog Uil e der 4o, eoualize the,

ens I Ca

a0 e are e on s o '
Contro'%%e controller 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 otherwise, the controller 128 controls the
direction in which the fourth group motor 3204 rotates
and the angular displacement of the fourth group motor

3204 under feedback control in order to equalize the

position of the fourth group lens 16 along the optical
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128 for automatically focusing the fourth group ''-ens
will be described bel ow. The detected automatic focus
signal is generated by the controller 128 based on a
contrast evaluation signal for an imge signal whi¢hr0184
is generated by the inage processor 124 based on a
captured i mage signal output fromthe inagi ng device
120. The contrast evaluation signs t has a peak val ue
when a subject image captured by the fourth group | ens
16 focused on the inmaging device 120. if the position
aofi ¢ he fowddyagr qups 1 tensn 16 @b dnen ttiee opd & Cat oaxi sdata.
when the contrast eval uation signal has a peak val ue

i s ref ermetbmato; @stf scdocusesh Post o0 f tHhes asntheller
fourth group lens 16 is roved forwardly or rearwardly

13Nt hes optd iadal BXi So Qnaynd r%tf&f‘@t‘?uﬁﬁgup lens will
pOSI ti on, t he contrast eval uati on si gna as Its

Hee\@gs@ﬂgg@sgélv&gy |l owered fromthe peak value. The
focusing operation is perforned by the controller 128

based O”IHJ‘%@J&?/ &fap@&ﬁé@ﬁ_: ?%oé&‘se sfgfﬂ‘z%g% generated

eval uation signal according |
ourTh Gruls 0" S8 PR Tant i 1 ST SLaTEEioh e
R B 2 SRS S URHEd Sheh TR oty beq by the
image processor 124 based on a captured image signal
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 1is 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 operation 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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eval uation signal reaches the peak value. According to
a second process, the fourth group Ilens 16 is noved
froma rear position to a front position along the
optical axis, and the position of the fourth groWy>FP0184
| ens 16 (the angul ar position of the fourth group

not or 3204) at the tinme the contrast eval uati on signa
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
leoar fllk gsoopveldemsci@riosanpvwed fatomta diedrarposi tiarb ted)
a front position along the optical axis, and the
aposit tar obttihe lf awitsh agroups |eng kel (dheen angul @ntrast
position of the fourth group notor 3204) at the tine
et’heue@nbhast geval uaticor ssitgnralpedleacties t he peak val ue
is stored. Then, the fourth croup lens 16 is noved

from t hecfoenti npogidt i20% ddyrUgh-ddes s stiateds post it | @Foup
to the rear position, and is noved again fromthe

1k8ar 1posist kRR o e St ored pRasdtioh che thidtk position
process i s advantageous to avoid a hysteresis error of

atBegf eurt %p%gi%_léﬁ Lens; 16, \whiwgh. qgeurs: whene thes faurth,

group I'ens"16 is reciprocally nmoved al ong the'optlca
SPAE, JEFY 0018, Ehgy achond g ocsss: Sh SRy 584 roup
mbE0R A% o4canged fqr, A Ger talf PEr o, ofy 14 15, W0l €2y
reaches the peak 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 position. The third
process 1s advantageous to avoid a hysteresis error of
the fourth group lens 16 which occurs when the fourth

group lens 16 is reciprocally moved along the optical

axis according to the second process.
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the second group notor 2804 is in rotation, then the
controller 128 judges that the second group lens 12 is
forcibly stopped agai nst novenent, and i mmedi ately
controls the second group driver 202 to de--energiZ@F0184
the second group notor 2804. it the positional data

of the fourth group lens 1 6 remains unchanged for a
certain period of tinme 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 Tfovefeos dnidiamethi &t Py teonteebsd t reotput Ehs
group driver 204 to de-energize the fourth group
l@ptremad2ey urigharge priesent ebodi meper ieheoSetone while
group lens 12 and the fourth group |lens 16 nmake up a
timey atglceridensr Ay nidneo 1l 24 (s, 1 aanth t het dehsn barineh . thde
first group lens 10, the second group lens 12, the
clohitrrd 1greoup A& nsuddl s et four tdegriodipgtens Iénsthe is
second group guiding mechanism 26, the second group

faciciatliyvng vmghani sa 28t fidyeesecoNda gl olpnPOsh td DR
detecting neans 34, the fourth group guiding

deehanissmn20,sddinhd aprddp OO ACt Bat ¢ H0de PREHAR] SN the
32, and the fourth group position detecting neans 36

SERKR URy 1 U e s redgassenbl y according to the 32 305
N present invention. The controller 128 serves as a

first ‘ﬁyﬂﬂﬁglﬁgsfﬁ¥%ﬁ5§Q£§ﬁg SPNtE Ol Egl i) éPgup lens

cl ai ns.
16 remains 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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A process perfornmed by the controller 128 to

establish the reference position.. of the second group
lens 12 will be described below with reference to

Fig. B. The reference position is established wherP@h184
power supply of the image capturing apparatus 100 is
turned on or the inmge capturing apparatus 100 is set

in an imagi 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
pirstsep tS10yVerThiercontlihel lcem ti28 Irroni 14 ss¢ttee poss ta ohatst
data of the second group lens 12 which supplied from
Colné¢ rodéeana ngr auE edetrec tdong: rei Irleut ti20the TdiEaims .
controller 128 determ nes whether the positional data
has chamgedddesa garredetedrioied rerdactof11énel D8 hot
(step S12) if it is judged in step S12 that the

epasitliighalthe datfehaschanged dm dheny egdet@idridiesip lens
period of time, then since the second group |ens 12

1hasimoved, eeMdied RIWNG it0 St RlZd 0o rig. 3,
continuously rotate the second group notor 2804 If

it is judgeddrm step $Laithal, tihe posiitionaly data @@é

not changed in the predeterm ned period of tlne

?gggﬁ% g%lgtgggﬁgnﬁjﬁ%¥%§?%¥)orc%giEﬂg%%%pe agalns?

turned on or the image capturing apparatus 100 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 S10).

The controller 128 monitors the positional data
of the second group lens 12 which is supplied from the
second group detecting circuit 206. The controller 128
determines whether the positional data has changed in a
predetermined period of time or not (step S12).

If it is Jjudged 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 S12 to continuously 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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novenment, and immedi ately controls the second group
driver 202 to de-enargi ze the second group notor 2804
(step Slit) /\L. this tinme, the second group lens 1

is reliably positioned in the forward linmt posit3en0184
or the rearward |imt position. The controller 128

sets the positional data at the tine the second group
not or 2804 de-energized as a reference position for a

di stance over which the second group lens 12 is to

nove along the optical axis or a position to which

thrn sdvombnigroupe T ehs8 12udges ot nmvethal sagontiegroup lens
optical axis (step 516) . Then, the process of

lestiabl ishiidgl t het o ed encel posinooenest putndnienddiately
Subsequently, the controller 128 controls the
ahrrtectliontlia sdiaeihd tdieosecontygr ouP2 Mobd ofle 2804 & Ot at €5e
and the angul ar di spl acenment of the second. group

gmiard 2804 fwrdhereby perdoreing. t het ZzeRAENYime, the
operation in order to equalize the position of the
seeond graup 1ans 142 al eagi dihey opbs cal oAXESif O e

target position based on the reference position and

tdaypasitipnal, dat@; o A\ pF 0cessPoFforaed: RY+tB8sition.
controller 1.28 to establish the reference position

of the1ﬁﬂgtébﬁgfgﬁiéfnf28l e{§ Egﬁdﬁﬁg?tféngyaf?Yan%%

process process descri bed above, ens .~

t%% gtil%'%eed gje%oor% ﬂ&% I@@E’&szééfifgegelgge%éizsgd as a
reference position for a distance over which the second
group lens 12 is to move along the optical axis or a
position to 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 positional data.

A process performed by the controller 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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process of establishing the reference position of the
fourth group tens 16, the controller 1::8 controls the
direction in which the fourth group notor 3204 rotates
and the angul ar di spl acement of the fourth group rdtoi0184
3204 fourthereby perform ng the focusing operation in
order to equalize the position of the fourth group
lens 16 along the optical axis to a target position
based on. the reference position and the positiona
data. According no the present enbodi nent,, the second
poroows pasi tdsambdetsgcitring: e ansf SZericee praovi dech fof the
generating positional data corresponding to the

fpositth arowf Itdes sleconthgroup: t@nse A2 2 angnthels the
optical axis. The angul ar displacenent of the second
dgreu inmt am 2804 H Sheodueil egedub afdesr t equadbt Z€es
the position of the second group Iens 12 along the

20Ut ¢l ardXiist Qithe dAgett Posind orbbasedyedub heotor
positional data supplied fromthe second group

30981 AN 19RLRGH) gﬁ}mrﬁf cild £ders Regidhonal  data,

remai ns unchange or a certain period of "time while

0%153:%0%% rtElHeor o@sgl 1<5r§ é 4 aféz&f‘%h (%P&H‘EI) %ens

isju e se group lens 1

]ﬁggﬁﬁﬁgbg%%quhnﬁgﬁg E%“%tﬁ§ dQEfgﬁ %ased on

mredi a y del --%n rglze
Furth nore, the fourth posi tion detecting
CSar SE DN dedt of ?Snjgtlp%%?flcgna data 35

SOSPOlS%kxmrding to the present embodiment, the second
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 equalize 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

35



corresponding to the position of the fourth group |ens

16 along the optical axis. The angul ar di spl acenent

of the fourth group notor 3204 is controlled order to
equal i ze the position of the fourth group lens 16 S05P0184
along the optical axis to the target position based

on the positional data supplied fromthe fourth group
position detecting neans 36. if the positional data
remai ns unchanged for a certain period of tinme while

the fourth group notor 3204 is in rotation, then it

dog fastigediitrhatto tthes frouritthi g owp trensfdbrils dosep blyns 16
st opped agai nst novenent, and the fourth group notor
ad20d; ithd mmdicatielaki de- enes giz@dl a Ther €f ok €smahenct hene
helical springs 2808, 3208 are conpressed depending o

AReton grdup At iomaliongdheroptdgaln axtgepfrdhe
second group lens 12 or the fourth group lens 16, if

ddhe 1urgi ng d ees iy the hel i eal-cisrings 2808, 18208,ng
gf t he

are increased to place an excessive ~|oad an,

FECHUME 5 Q110U MDQSs @@%ﬂgé@%éé’ﬁ}é&% 9roLDy Ot Ofe

3204, the second group |ens 12 or ourth group

pk%ﬁic el]oqkaﬁlg rEjfabc% ) epdl iteod af. g CcUl %thgo LFPLSkll t é}?(lgl%p 6&995 ition

eedi ng "accuracy four ense
SISy BRI LAy nereases mDe [epdleg
SRuiek v and scouracel . 55t She, 290M08 L34S Pluren
group motor 3204 is in rotation, then it is 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
load 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 is increased.

Particularly, an increase in the feeding accuracy

fourthe second group lens 12 is advantageous to quickly

and accurately set the zooming ratio of the imaging
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optical system 104 to a desired value. Al so, an

increase in the reeding accuracy fourthe fourth group
lens 16 is also advantageous to quickly and

accurately perform focusing. Furthernore, since t3dEP0184
second group notor 2804 or the fourth group notor.

3204 is imedi ately de-energi zed when the second

group lens .' 2. or the fourth group Lens Lb reaches
the forward Iimt t position or the rearward limt
position, the internal threads of the internally
oblireaded y ST eErn ane reldablnepreven ed Arom sdd ckidgease
to the internal threads of the externally threaded

i EFDer f\é‘é%lln%t he externald ety eaded Hreyel, citd nues; s
e

to rotate whi the internally threaded nenber is at

an et adlefefds dheexthannally ddngaded yrenber, does

not need to have the " conventional idle regions, and
fhence the lens barrel can be reduced in size by the
spaces ‘occupied by the idle regions. in addition, as

the id Y ieorrr]ns'oraer € snl%tcer qiq'luei rsedc & her euxt en(oncaclml Y2804 or
t hr eaded nmenber may have ex ernal threads ™ over

bst anti al | the full th. th of. Wth thi )
CRFr AR Ao NI E G o | SHIE R % 1P Toir T i zed

DI ThEnGErrort SRR | oh G T LR, dkrhal Py 16
t hreaded nmenber extends, resulting in an advantage_ to.
rﬁﬁg@@get@egjkg@gg@&é@mlt position or the rearward limit
position, 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 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 close to the full length

of the direction in which the externally threaded member

extends, resulting in an advantage to provide a
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di spl acenent stroke fourthe second group lens 12 or

the fourth group lens 16. The positional data at the
time the second group notor 2804 or the fourth group
notor 3204 is de-energized is set as a reference SO5P0184
position for a distance over which the second group
lens 12 or the fourth group lens 16 is to nove al ong
the optical axis or a position to which the second
group lens 12 or the fourth group lens 16 is to nove
al ong the optical axis. Consequently, a detectable

el gnentenrmmta sensor Suctttas e hvod ognder r upt or 1vhd ehthe
has heretofore been required. to establish the
frrefrerrenpe>upasdrtd ans may he di spensed with, and the

| ens barrel may be reduced in size. by the space

occupi edrray ddiei ¢ idetectabl £ £l enpatt ohe thige S€0sOhd Jh8up
i magi ng optical systemiO04 such as an inner focus

s aeer NG HO tNe-4if epeNly ebodi meft4 {9Tde-cnergized
exanple, required to provide a | arge displ acenent

i%.t roke four trréefegfé:r%@ﬁgfs‘{%pldr?ﬁ%élza f@fs@&r@é%‘%@@r a\iqhich

high zoomng rati o. wever, arge di spl acenen

S horDSteagen e b A o1 gs.PL ot DLl 1
AP dRGe A AR LR L% AL LD 16 LIE cne
QPRI BN AECOING D LS Bl esells et ony st 0e
move along the optical axis. Consequently, a detectable
element or a sensor such as a photointerruptor which has
heretofore been required to establish the reference
position may be dispensed with, and the lens barrel may
be reduced 1n size by the space occupied by the
detectable element or the sensor.

The imaging optical system 104 such as an inner
focus lens according to the present embodiment, for
example, is required to provide a large displacement
stroke fourthe second group lens 12 for achieving a high
zooming ratio. However, the large displacement stroke
increases the urging forces produced by the helical
spring as it is 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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elimnated, resulting in advantages to increase the
feedi ng accuracy fourthe :.ens and to reduce the size

of the lens barrel assenbly. (Enbodi nment 2)

Enbodi ment 2 will be described bel ow. Enbodi nent $Hsp0184
differs from Enbodinent in that the inmaging optica
systemincludes a collapsible lens. Figs. 9A through

9C are cross-sectional views of a collapsible |ens.

Fig. 9A show the collapsible lens in a collapsed

state. Fig.9B shows the collapsible lend; in a

M derangle stahert Fig. 1 9G shovsasbe €0l L apsibte chens

in a telephoto state. Fig. 10 is a cross:-sectiona

' - T r{io ts:
S &Pt ot TGReLR faonsatd LIS oo

shown -

i.dent i cal t rding to Enbodinent 1 are
ﬂengvgﬁgﬁﬁéﬁﬁﬁégggﬁﬁgfzference characters, and w |
Qﬁ@%ﬁﬁiq; cribed in detail. below, As shown in Figs.

rgbjh , the imaging optical system housed in
the len arr el is of three' -- grou onfiguration
ol v AP of dip ] i Goeohi el eRatSPoun | ans
52, and a third group lens 59 that_are A successjvel
ar r anged" ¥ GRUET nateldt Front TR ?I?]Bﬂ‘film‘é?ae tb@\ﬂ?%at

the rear side. The lens barrel_ 1 perforns_zoom ng when
e MgEing igeeP gustem includes a collapsiblé lens.

Figs. 9A through 9C are cross-sectional views of
a collapsible lens. Fig. 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

39



group lens 50 and the second group lens 52 are

actuated along the optical axis according to a

certain camcurve by a noving nmechani sm havi hg cam
rings and cam grooves, and perforns focusing whensS0hr0184
third group lens 54 serving as a novable | ens
according to the present invention is slightly

di spl aced along the optical axis. Specifically, the
lens barrel 1 is arranged such that the first group

| ens 50 and the second group lens 52 are slightly

¢l sypb ateds t ©0 chad gehé heecond focab lengt b aprd theuated
third oup lens 54 is displaced 1"r' group _ ~ correct

2L dogusied opostil ofnxt Batcdbspl agedoby thetshanggmi Burve
the focal Ilength, thereby properly focusing a subject

1 Bg o NSn § W & 0 &ih 9n A0ing heah hi 1 9yl ensq9raPg28oves,
corresponds to the fourth group lens 16 according to

i ‘ r idin chani sm
e R T L s S SR

QOLVLRY 28} SndPth P0_RCELUALLDG, FRROA0) SO} 82,1 QL APY: N0

rd grout:: ens al ong optical "axis. The

R SLGIE0A PR P SReol Nee 8Tt YARL B IoBRTLET 3215

are essenti sane structure

I dj hani 30 the f th
Rt P P LAY o35 BACHP bi hg' T o ERBGAFAGAL 1 P Thethe
ERanrateeS s B ol engeqsnd grousPTefs' 87 228

slightly displaced to change the 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
Embodiment 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 offers the same

operation and advantages as with Embodiment 1.

40



40 SOBPO.'..8 According to Enbodi nents 1, 2, the
actuati ng nechani smfor noving the novable | ens al ong
the optical- axis has the internally threaded nenber
that is separate fromthe novable |l ens and the urgihnpo184
means for urging the novable lens in the |ongitudina
direction of the external threaded nenber into

abut ment against the internally threaded nenber.
However, the actuating nechanism may he constructed
as follows. The actuating nmeans has an internally

t hr eadedicarenhierg oo theadmabhes | ©ns2, anhexsetnatliyg
t hreaded nmenber threaded in the internally threaded

ntettheti androextendingiparmdtab14 014he @pbhgathaxbstidal
notor for rotating the externally threaded nenber,

ANt WA nohdreanse H1o01 Uf dimgeadde fovablechensiEnstPerate
| ongi tudi nal direction of the external threaded

fEbehe e, Above a4 angenent &J_Sgﬁll&omggﬂéb}fgro&rging the

offering the sane operation and advant ages as

8saribec above . Aceordl g Erbod BNt s, 2 Lhe

position detecting mean e magnet and

SRU SRy HOMRNELy AN, DOSIH On ot ect] ng. eane Lgnot

0ose conponents ! may 1 n

SIS0 fShgeilas SRS PaMLIg e, mnel angon, el
Jetecting sensor. . Becording to Enppdirents 1., 2, a

The 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
those 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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41 SO05P0184 been described as the image capturing

appar atus. However, the present invention is

applicable to a digital still canmera or any of

vari ous other inmage capturing apparatus, industrigl>P0184
Applicability According to the present invention,

since the first controller controls the angul ar

di spl acenment of the notor in order to equalize the
position along the optical- axis of the novable lens a
target position based on the positional data supplied
bepomdelse rpdsic iaoh tdet ectd g capansineveppifrathe .ur diogpver,
forces of the urging nmeans are increased dependi ng on
thke ppeskhiton naleorng dnhe sopidpdalcaladd soofa tdiey inmvabdeill

| ens, posing an excessive |oad on the notor, the

capeabl erl ens edn vee e d tre: ran raeelrade: u Piasd ta®haratus.
and hence the feeding accuracy fourthe novable |ens

is increased. Furthernore, since the second controller
judges that the novable lens is forcibly stopped

Tagakhst 5 1M Rtaand dymedi atel y de-energi zes the
not or when e positional data remains unchanged for

a certaipn perdiod J mesle MR il | st ati e,
t he interr(ljal tlh%eads oef tﬁee e|tr{r]1:teelrnaﬁq.[ylt ’real ed

EIRISEC B8 A AN A ELFA 0 LD e
H%Q%Q E%eo%é%%r%%léﬁ&iﬁﬁﬂg%%én%ggﬁffg% along the optical
axis of the movable lens to a target position based on
the positional data supplied from the position detecting
means, even if 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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SC6P0184 continues to rotate while the internally

t hreaded nenber 1is at rest. Therefore, the externally

t hreaded nenber does not need have the conventionia
idle regions, and hence he |lens barrel can he redut@eP0184
in size by the spaces occupied by the W regions, 43
CLAIMS 1. A lens barrel assenbly having a novable

| ens disposed in a lens barrel. for novenent al ong an
optical axis, an actuating nmechani smfor noving said
novabl e lens along the optical. axis, and contro
daeannday teonidtoddd nghi saitthacimed imngl Mechiant $0d member
wherei n said actuati ng mechani sm has an externally

ithrpaded; trenbefe extend] nghdasadd ehal Dy Sahfea @B R&hber

axis, a notor for rotating said externally threaded

JRel-t edties naldy dhy eaded erbes1 nonk 0@%@?&%6 ~and

t hreaded over said extern _ : y t treaded ne

HIvement. along sal d extarnal | y.dhreaded geober,, (Lo

abut nent agal nst said nova e Tens in response to
tati Sal I e d nmenber, and

3 %gcfaetr#g%rrcglf nlseq# g?fﬁlg% %ls%i %@g%l e lens in the

| ongi tudinal direction of said externally threaded

menber to nove into abutnent against said internally

t hreaded nenber; said |lens barrel assenbly further

conprising position detecting nmeans for detecting a

position of said
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novabl e | 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 di spl acenent of
said. notor in order to equalize the position or said

44 novabl e | ens along the optical axis to a target
position based on said pdsiti'éhal data supplied from
said position _detecting neans, and a second

control | br florl§utigP#er¢hatsSeBpHY hovable fengvigle lens
forcibly stopped agai nst novenent at a forward limt
PosPeIOn Bt @ kear werdrel nfer posyenont antong needeat ety
dc-energi zing said notor said positional data renains
@hﬂeﬁan@édﬁma@lrw gtketlermi sredf perioding sane mahabee lens
said notor is in rotation; wherein a guiding nmechani sm
dispose ispsaiadl dehs, bamded:orﬁ‘oro]guhelem:g Sar dcoovadl eing
| ens along the optical axis, said guiding mechanism
$raid ngctangui e rsh@idniext endi ng al ong the optical axis
and engaging in a bearing on said novable |eas for

gui di ng wed ke ovabl € adenst ehongedhen ophicas axis,

said urging neans including a helical spring coiled

et totintgh Sy o 1gtd e haddib &nde x havi gy apa eat £esibi eathy
hel d agai nst said bearing and the other end

desidd endtys hel dnagad nsd - sabehd £ rﬁi bargel;cyhereip

said externally t hr eadi ng nenber external threads

n%f%eﬁl»‘béﬂ antiabhy hetﬁﬂééde& enghihe L her eof

and. held. in mesh with said 1nternal 'y
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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t hreaded nenber; and wherein said externally threading
menber and said internally treadi ng nenber are nade

of matel material. 2. A lens barrel assenbly having a
novabl e I ens disposed in a lens barrel for novenent

al ong an optical axis, said novable |lens being
nonr ot at abl e about said optical axis, an actuating,
TREHAHT skt dra HRA nig’ @ aPlat L rdtb abr €S | ens? af dRgEE heosition
optical axis, and control neans for controlling said
Rie HAt O TS Mt Ha St Oiber 87 bR Al het Uaf Forg AetRapPshi ion
has an internally threaded menber nounted on said.
Fovedl g ergans arpeXter pateydt heeaded srenber ihdeddedchat
in said internally threaded nenber and extendi ng
Paralletak e thenopts cabrcixi s, saopptdrafainsotmoveagent at
said externally threaded nenber, and urging neans for
aurighmep sdi dimmovabd €1t Bmis on atheatwngi t Ldhhal position and
direction of said externally threaded nenber; said
irensdbare o) @ssentyi fimd hesiconprosi hf sPoSi pdbONtional
detecting neans for detecting a position of said
davabt €nd gns @l anhdde opti LapraxéSeanth@enesal bA%of time
positional data corresponding to the detected dat a;

waid svher ed meadd oMK of o Bansn conprises a first
controller for controlling an angul ar di spl acenent of

sai d nmotor e Qridera t eaud iveHde fosdtd s sidhiqg
novabl e ['ens along the optical axis to a target
RO el 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 movable lens for guiding said movable
lens along the optical axis, said urging means including
a helical spring coiled around said guide shaft and
having an end resiliently held against said bearing and
the other end resiliently held against said lens barrel;

wherein said externally threading member has
external threads disposed over substantially the full
length thereof and held in mesh with said internally
threaded member; and

wherein said externally threading member and

said internally treading member are made of matel

material.
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based on said positional data supplied fromsaid
position detecting nmeans, and a second controller for
judging that 4'6. said novable lens is forcibly
st opped agai nst novenent at a forward limt position
or a. rearward limt position and inmmediately
de-energizing said notor if said positional data
r efrai s h%%g?@@aelf o7 S SCTHP bt &Y Hihed! peY#ole of eBF ne
while said notor is in rotation; wherein a guiding
Sm i 3 pbeed Parsal dfor eneveyarriel aforg gaildppgical
said novable I ens along the optical axis, said
Fut i NP e chaishe hesi hgoal gui ten shiad tab bxt @ndithgs ybag
the optical axis and engaging An a bearing on said
Tpvabi e dehs, for auiwhng,g saechaniabl or | rensiad ongidhe
optical axis, said urging neans including a helica
rgprainge cbited arrounidhs abot ged deashaf taad | donhavi nge ans
end resiliently d agai nst having agai nst said bearing
fand cditer o hietg eswli df esttwenihy metihagahnst said | ens
barrel; wherein said externally threadi ng nenber has

ext er nalwidireadss i s posegaoves wabsiandhahdy she ful l
| ength thereof and held in mesh with said internally

triveaded yrerhersdanthahes eifo sl @xteLnal hyvable lens,

t hreadi ng nmenber and said . internally treading

drerbele &L T (Ehﬁgadgﬂfﬁémb@ﬁl@Hﬁéﬁde&-iﬂh§ai§n§nternally
barrel assenbly according to claim1l

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
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 Jjudging that
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or 2, wherein said second controller establishes said
positional data when said notor is de-energized as a

47 reference position for a distance over which said

novable lens is to nove along the optical axis or a

posi tion which said novable lens is to nove al ong the
optlcal axis,. 4. An inmmge capturing apparatus

A TP LE 167 Bart@lcassent SRR i #Hf B Hovabranent at

Iens di sposed in a lens barrel for novenent al ong an

2o Pt 1 T Caxd 9N arp et s riy et SR f oo i iyl 'sked and
nmovabl e | ens along the optical axis, and contro

imeenthl ftorl e ot reold i qiigr iged o et usr i grg 1 iethiahigegitional
wherei n said actuating mechani smhas an externally

datree adeedh drenberclexteai g paratd & taonsad poptétadt time
axis, a notor for rotating said externally threaded
wientrersa iah natteer niad 1yn tdwteadesh menber  nonr ot at abl y

t hreaded over said externally threaded nenber for
novenent alwnrgecsal d exiieringl Inedtireaded imgnderd dmtaaid
abut nent agai nst said novable lens in response to
Treotation<f sad dyexdiertqald yd thseasied r@nbeslodnd-he
urging neans for urging said novable lens in the

deangidiudi-nal, dHrechion of sabhexdennaldyg threaded shart

nmenber to nove into abutnent against said internally

dAvsaded; Erley 18aidhd £081 bﬁfﬁla@&S@r@égﬂt rihes -
conprising position detecting neans for detectlng a
Hggyfdéﬁbﬂﬁséﬁﬂ(%ovable lens for guiding said movable
lens along the optical axis, said urging means including
a helical spring coiled around said guide shaft and
having an end resiliently held against said bearing and
the other end resiliently held against said lens barrel;
wherein said externally threading member has

external threads disposed over substantially the full
length thereof and held in mesh with said internally
threaded member; and

wherein said externally threading member and said

internally treading member are made of matel material.

3. The lens barrel assembly according to claim 1

wherein said second controller establishes said

positional data when said motor is de-energized as a
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novabl e | 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 di spl acenent of
said notor in order to equalize the position of said
movabl e | ens along the optical axis to a target
PROSTEFORC 48°pasEen ofe s ai ddpositFenaredaral sipphi@dnovable
iron1said posi ti o detecting,neans,,and a second.
Int rbF | B Fore j%ﬁ‘@f?%gt]?%a?p §afd PovabPe fenssision to
DRI PLY; 81 ABpSM) 202LAS! s HoYRMRAL, At B ] AR LML oy s
position or a rearward |limt "position and I diatety
de-Energizing said notor if said positional data
remai ns unchanged for a predeterm ned period of tine
while sad d not ofmdGe reipt b O g Waeh &+t @s guhdiging a lens
nmechani sm di sposed in said |ens barrel for guiding
ki ke hovapded L ensaal onge tthevalopt i tahs axisposaddin a lens
gui di ng_nmechani sm havi ng a gui de shaft _extending _
Raoryt t Her op TRt axd SO ah iR engagh fyyl | ¢ BS . bear AgUeRing

s%hg novab & Ien§ifor%§uidin %@id anabLe |§QS algng 1
PR PPt T Rat OSoley LR 3 U7 TG Rban T het gt @ oPT1Ce
545?1"é,Caallnépééﬂltgrgp!x{n@ﬂﬁ@rP&ﬂdi:%ﬁ{goﬂﬂi&? §§§éta8@gating
having an end resiliently he agal nst”sai d bearing
dtthadhen ot her end. resiliently held against said
| ens barrel; wherein said externally threadi ng nenber
has extwerenatin hyaeadsa i sposeg ovetastudstianti ahly t he
full. Length thereof and held in nmesh with said
Sl 1y 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
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

movable lens along the optical axis to a target position
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t hreaded nenber; and wherein said externally threading

menber and said internally treadi ng nenber are nade

of notel material. 5. An image capturing apparatus

including a lens barrel assenbly having a novabl e

I ens disposed in a lens barrel for novement along an

optical axis, said novable 49 |ens being nonrotatable

bl @i TR optieal taxiasl @nta astwmtied freohan s Hosition
vi ng. said novable lens along the optical axis, and

%m nc«i‘ré%ﬁ%nsr'ora%rﬁ rotFeIHy SAro %aﬁ‘i’lﬁgJUdglng that

h h
égelf&‘e?ﬁéafﬁ {hthe e tngblrﬁn e S S mgtprnent at
d eNSpwadN exter r}%i%ltcm e(?ideéj Reoher. 4 hfler@t,e a(?%ﬁ?i%lg and

internally threaded nenber and extendi ng par

itrvescDiptticClal devdrsar @ MMUPrsd0f ittt i g s d positional
externally threaded nenber, and urgi ng neans for

dﬂﬁﬁlﬁf@ﬁﬂﬂﬁrnﬁ&ﬂﬂ&gddﬂﬁprrﬁ phedd ongitued nadriod of time
direction of said externally threaded nenber; said
Yo Pk Indsyentt viF wrtsr i eonpri sing  posi ti on

detectin for Si of sai .
g W%gk At g%tlcgf%ﬂ§%1§d ose Jﬁbsald

novabl e | ens along % axi's an nera

di n the det ected dat
B e B AR i %e.%égeg Fd e

t II f t I | ar, di spl acenen
oy S S5 g3 s BT A (et bt Gy hatt

extending along the optical axis and engaging in a
bearing on said movable lens for guiding said movable
lens along the optical axis, said urging means including
a helical spring coiled around said guide shaft and
having an end resiliently held against said bearing and
the other end resiliently held against said lens barrel;
wherein said externally threading member has

external threads disposed over substantially the full
length thereof and held in mesh with said internally
threaded member; and

wherein said externally threading member and said
internally treading member are made of matel material.

5. An image capturing apparatus including a lens
barrel assembly having a movable lens disposed in a lens

barrel for movement along an optical axis, said movable
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novable -..en along the optical axis to a target
position based. said positional data supplied from
said position detecting neans, and a second

controller for judging that said novable lens is
forcibly stopped agai nst novenent at: a forward limt
position or a rearward limt position and innediately
ARG G T i P S A FRotDrahFuls o ot i @bl axis, -an |
irf ~) 50 data remains unchanged for a predeterm ned
PeriTd-8F 1 FRANWHT | 0B gl et o216 nevalptatiens along
wherein a gui di ng nechani sm di sposed in said |ens

B Lrtelcak orxigin ding &l drbvadbies | s abonget heng said
optical axis, said guiding nmechanism having a guide
aHafat irextrerdiagi shoong the optical axis and engagi ng

in a bearing on said novable | ens For guiding said
novabl e wHearesiral somigd taves wopt i rcal maxih s, 1 saitth arah ng

means including a helical spring coiled around said
iguiedenaslhaf ttranch ddiviidigan renthtesidd ey hefdble lens,
agai nst said bearing and the other end resiliently

dielakagaidisty saixkd@ns haget twher@ld Saishexternabhylly
t hreadi ng nenber has external threads di sposed over

tsubstant indriye  hehd Widtend @0gtde thereofc and,held- | 0y

mesh with said internally threaded nenber; an

ashey ein el gk exd.ernald s ddreadi ng. feiber; and, salghqg
internally treading nmenber are nmade of mate! material.
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 at

a forward limit position or a rearward limit position and

immediately de-energizing said motor if said positional
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data remains unchanged for a predetermined period of time
while said motor is in rotation;

wherein 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 movable lens for guiding said movable
lens along the optical axis, said urging means including
a helical spring coiled around said guide shaft and
having an end resiliently held against said bearing and
the other end resiliently held against said lens barrel;

wherein said externally threading member has
external threads disposed over substantially the full
length thereof and held in mesh with said internally
threaded member; and

wherein said externally threading member and said

internally treading member are made of matel material.
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