25 AUG 20 DESCRI PTI ON LENS DRI VI NG APPARATUS Technical Field The26}é¥gh@ﬂm
invention relates to a lens driving apparatus which perforns focus
adj ustment (hereinafter abbreviated as focusing) by performng |ens
posi tion adjustnent of a master |enslwhen a subject is photographed using
a video canera or the |I|ike and, nore particularly, to a lens driving
appar atus which can prevent defocusing during zoom ng operation at manual
focusi ng or defocusing of a photographed i mage which is involved by a
di fference between positions at photographi ng. Background Art
Conventionally, a focusing operREFGRIBIION ens driving apparatus included
in a video canera or the |like, which is disclosed in Japanese Publi shed
Pat ent Application Hei.6-308361, has been known, and this will be described
with reference to figures hereinafter. Figure 8 is a perspective view
illustrating a main porti DANSf DRIVANEIREEREATU®NS driving apparatus,
figure 9 is an expanded cross sectional viewillustrating a relationship
between a feed screw and a first armof a driving nenber in the |ens
driving apparatus shown in figure 8, figure 10 is an expanded cross
secti anathriviesd ABNGe280 2 illustrating a relationship between the feed screw
and a second armO

The present invention relates to a lens driving apparatus

which performs focus adjustment (hereinafter abbreviated as
focusing) by performing lens position adjustment of a master
lens when a subject is photographed using a video camera or the
like and, more particularly, to a lens driving apparatus which
can preVent'defocusing during zooming operation at manual

focusing or defocusing of a photographed image which is involved

by a difference between positions at photographing.

Background Art

Conventionally, a focusing operation of a lens driving
apparatus included in a video camera or the like, which is
disclosed in Japanese Published Patent Application No.
Hei.6-308361, has been known, and this will be described with
reference to figures hereinafter. Figure 8 is a perspective
view illustrating a main portion of a conventional lens driving
apparatus, figure 92 is an expanded cross sectional view
illustrating a relationship between a feed screw and a first
arm of a driving member in the lens driving apparatus shown in

figure 8, figure 10 is an expanded cross sectional view



the driving nmenber in the lens driving apparatus shown in figure QiﬁuAHbﬂwﬂ
I s an expanded cross sectional viewillustrating a conbination relationship
bet ween the driving nenber and a lens holding frame in the lens driving
apparatus shown in figure 8, figure 12 is an expanded cross sectional view
il lustrating a conmbination and protection relationship between the driving

menber and the |lens holding frame i the lens drivi ng apparatus shown in
in sectjon

figure 8.yf.Lowr 3 i;S..a _CroS ectional .view of a

i | I ust ratﬂlﬂrfé%g olfﬁ}gﬁppghéﬁ ijfe §€Br f?&dgﬁﬁ%ﬁ"&taégy RheGEoKk a&Bbar at us i s
faced in _the harjzontal direction to perform photographing, and figure 14
is a crofdhedsivarmmembsrdn thevdns deing mppdnasus athiown tihefigare ent i onal

| ens driving apparatus at tilt-photographing. A structure of the
convent i @pafigheas1dr ivi ag eppandeds crbéd Sactislescvidedifeswhaabier . In
figure 8, a lens 1 which perforns focusing of a sub ect s fixed to a lens

- hol'di ng t6aiBInatiRIeeRftichdigp %t\?&ﬁ ﬂ?@gﬁiﬁ&&g; nggrpg,%gt éﬁmﬁiﬁi and is

held by a first guide pole 3 a second qgui arranged
inafix Y, e.(npt . shoyn). so as tq be slidaple in the direction of
a lens og‘g }&ég% %)%‘ﬂ{s)e ’5‘4 tﬁﬁd??ﬁéﬁ@lpﬁe’?‘@?’? oYnowa m jeves 8. digursy
connecti?g on the upper part of the lens holding frane 2, which groove
connect s14 tr A fgPanssde rasy sectiennbdewoilliasigatingne eomdnnlationt her
there is provided a feed screw 7a in a driving axis 7 of a notor for
dri vi ng #nd Prate:tien seldtiatshipt betvweernthadidnponehtbdr xed thed¥énkube, and
the driving nmenber 9 made ‘
holding frame in the lens driving apparatus shown in figure 8, figure
13 is a cross sectional view of a main section illustrating the
conventional lens driving apparatus when the apparatus is faced in
the horizontal direction to perform photographing, and figure 14 is a
cross sectional view of a main section illustrating the conventional
lens driving apparatus at tilt-photographing.
A structure of the conventional lens driving apparatus will be
described hereinafter. In figure 8, a lens 1 which performs focusing
of a subject is fixed to a lens holding frame 2 made of aresin, by a
means such as heat-staking, and is held by a first guide pole 3 and a
second guide pole 4 which are arranged in a fixed body tube (not
shown]) so as to be slidable in the direction of a lens optical axis 5.
Further, there is provided a groove 2a for connection on the upper
part of the lens holding frame 2, which groove connects a driving

member 9 to the lens holding frame 2, and further, there is provided

a feed screw 7a in a driving axis 7 of a motor for driving 6



resinis slidably held by a third guide pole 10 arranged at a notof 3 AUG 2004
nmounti ng body parallel with the driving axis 7. Furthernore, this driving
menber 9 is provided wth a notch nut 9a which is threadedly engaged with
the feed screw 7a as shown in figure39, and a first arm 9b having spring
characteristics for supporting the feed screw 7a by sandwi ching the screw
7ais formed. On the other hand, a second arm9d is forned in the driving
menber 9 as shown in figure and a gap between the second arm9d and a
thread part of the feed screw 7a is constructed so as to have a smaller gap
si ze t wanck sotew idfreachdieeghto tihze fiakdt hedpot e nEnd&hddmtihaimgt her e
is provided an edge portion having enough rigidity to slidably nove the

| ens hakfibeg Hrivade 2 ard rbavinng ssplidgbtiyanattieny sd itdsird gyual dopeiot ed
portion of the driving nmenber 9 with the lens holding frame 2 as shown in

figureiplarzncgell Stedgendosti APubeing brsll tedd oralbelgwaare e in an
arrow direction, thereby constructing a backlash-free connection in the

di rect jenvohgtheisens eRtdtdl s, ThiaAeing Rembelrsy ArOpirded decst opper
edge portion which does not abut against the groove 2a in the connected

portiop;pf %h&oﬁi&ﬁvﬁﬁg PRI R Bs ShevRakA1ll gHHRgLY wSeH hafe ridiay edge

portion 9c having the spring characteristics is not curved to a spring

pmt rgggggfh% "BCknduth 1he£agReRNs] 0BAL 4 oS K 1OLARRYI A8 p¥ing
characteristics for supporting the feed screw 7a by sandwiching
the screw 7a is formed.

On the other hand, a second arm 9d is formed in the driving
member 9 as shown in figur_e 10, and a gap between the second
arm 9d and a thread part of the feed screw 7a is constructed
so as to have a smaller gap size than a screw thread height size
of the notch nut 9a. Further, there is provided an edge portion
9c having enough rigidity to slidably move the lens holding
frame 2 and having spring characteristics, in a connected
portion of the driving member 9 with the lens holding frame 2
as shown in figure 11, and this edge portion 9c is inserted into
the groove 2a in an arrow direction, there_by constructing a
backlash-free connection in the direction of the lens optical
axis 5. Further, there is provided a stopper edge portion 9e
which does not abut against the groove 2a in the connected
portion of the driving member 9 as shown in figure 12, so that
the edge portion 9c having the spring characteristics is not
curved to a spring limit due to shock.

In the conventional lens driving apparatus so constructed,



the operation thereof will be described hereinafter. The feed scraw A6 2004
formed in the driving axis 7 is inserted in the notch nut 9a of the
driving nenber 9 so as to be pressured and energized the first arm 9b
having the spring characteristics. Indthis case, since the driving nenber 9
is slid by the third guide pole 10 to nove in the direction of the |lens
optical axis 5 when the notor for driving 6 rotates, the | ens hol di ng
frame 2 connected the driving nenber 9 is also slid by the first guide pole
3 and the second guide pole 4 in accordance with a rotation the notor for
drivi ngh# ppemevd omthkeedifr etlildre sfesdmibenhenpingdtenxi sTBe faedeby to
obtain focusing by the lens 1. However, in this construction, the driving
menber s¢resufporbsmeke iheelesdrewidg dyisanhdvs cinseriéedtim ough rdiechot ch
nut 9a and the first arm9b. Therefore, when the feed screw vibrates at the

rotati emtoda tdretnetdyriFixig chembietrgd Go hbitso vebpatssnred ad ectdngitzadsm tt ed
to the driving nmenber 9, thereby vibrating around the third guide pole 10.

Since b?ethérfﬂﬂg dveibern&vang the spaisdehdingfspnet2care Tantecéed to
each other in the direction of the lens optical axis 5 by the edge portion

9c havigget, hgifpEI e mr@q&dgemeaudec:s ow ¢ hautd HRaekkashi ré hpuvdbrpsion is
transmtted to the lens holding frane 2 w thout being conpletely absorbed

in theigdgs Mo¥d 110N 19 dRRWIRA de rSPheNDefbaspet BRilSkics, 5 anteh heief ore,
the lens vibrates, whereby, when focusing is perforned, an inage shakes
SO t hapoRoRNBbPHARNENG W §60 akREONMEENBEAls tis Vi EMg 2r SndUGc200kk ted
to the driving member 9 is also slid by the first guide pole
3 and the second guide pole 4 in accordance with a rotation of
the motor for driving 6 to move in the direction of the lens
optical axis 5, thereby to obtain focusing by the lens 1.
However, in this construction, the driving member 9
supports the feed screw 7a by sandwiching it through the notch
nut 9a and the first arm 9b. Therefore, when the feed screw
7a vibrates at the rotation of the motor for driving 6, this
vibration is directly transmitted to the driving member 9,
thereby vibrating around the third guide pole 10. Since the -
driving member 2 and the lens holding frame 2 are connected to
each other in the direction of the lens optical axis 5 by the
edge portion 9c having the spring characteristics without
backlash, the vibration is transmitted to the lens holding frame
2 without being completely absorbed in the edge portion 9c
having the spring characteristics, and therefore, the lens

vibrates, whereby, when focusing is performed, an image shakes

so that a photographed video becomes hard to view.



Further, even when a tilt-photography is perfornmed by a video céhér&uﬁh?ﬁﬂ
is provided with this lens driving apparatus, there is a problem as
follows. That is, when a focusing operation is performed while

phot ographing is perforned in a stateSwhere the video canera is horizonta
he lens holding frame 2 which holds the lens 1 is slid by the first guide
pole 3 and the second guide pole 4, further, the driving nenber 9 1is slid
by the third guide pole 10, and the lens holding frame 2 and the driving
menber 9, having the respective clearances d, horizontally nove in the

di rection of Fulréhleans eopin cdilenaxi $i%tt-ephperdqraplipcusipwgr Gsrsédvnyia figure
1 When photographing is perforned in a slightly tilted state fromthis

st at e, vage®hose ra Whigth & sher edyeeparittiroahhavi agstdel whidg agpearaes gri stics
cannot absorb a slope the lens holding frame 2, and therefore, the |ens

hol di nghkkama s 2 tgAdisLém assebiivkisght THaEeGls, onvdn therdetisihgshown by an
arrow WB, by a smaller clearance of a clearance D2 held by the first guide

pol e 3ppadatthen anrs #&'ﬁﬂ&& [AHEL & Mo@o%fﬁ@hih@els[)%e&@'dinmﬁ tie 4hird

gui de pole 10 and t driving nenber ereby accordingly generating a

tilt theatengntrandnehen esid@la iy nhenssrpan, ot hkhe epRohear d
vi deo. The present invention is nade to sol ve t hese probl ens, and has for

its obipghets \Wii)&‘hdl?o?dlsef'ﬁe diéx’{é Ny jaPRAnA] s, WHE i Al ghfidd pdrransmits
a feed displacenent by the notor for

3 and the second guide pole 4, further, the driving member 9
is slid by the third guide pole 10, and the lens holding frame
2 and the driving member 9, having the respective clearances
d, horizontally move in the direction of the lens optical axis
5 to perform focusing as shown in figure 13.

When photographing is performed in a slightly tilted
state from this state, as shown in figure 14, the edge portion
Sc having the spring characteristics cannot absorb a slope of
the lens holding frame 2, and therefore, the lens holding frame
2 tilts in a self-weight direction of the lens 1 shown by an
arrow W3, by a smaller clearance of a ciearance D2 held by the
first guide pole 3 and the lens holding frame 2 or a clearance
D3 held by the third guide pole 10 and the driving member 9,
thereby accordingly generating a tilt in the lens 1 and then
a single blur phenomenon of the photographed wvideo.

The present invention is made to solve these problems,
and has for its object to provide a lens driving apparatus which
faithfully transmits a feed displacement by the motor for

driving as the feed displacement of the lens and has a stable



* driving as the feed displacenent of the |lens and has a stable 2 5ZAISJG'L\HEO%[Wf

.driving performance, as well as in which apparatus the photographed video
does not vibrate due to a vibration by the notor for driving. D SCLOSURE

OF THE INVENTION In a lens driving apparatus according to the present
rnvention (Claim1l) having a |l ens holding frame which holds a lens and is
guided by a first guide pole and a second guide pole to slidably nove in
the lens optical axis direction, a dfiving shaft having a feed screw which
is rotated and driven by a notor, and a driving nenber which has a rack

threadedl yiri 60829¢f ribithddae feed ganevyof sthe,diiyi ngrahatls aten@ne end

and is engaged with the lens holding frame at the other end, wherein the
drivi ng nPhBEPIFAPHESt Hifdea dogst wet | e gidet due cpablVdbspt penr fof kg el asti c
def ormat i go+8Pdedy @vhdegy. parallel with each other, which are respectively
provided wth positioning holes at their tips, being formed integrally by
aresin material, a positioning hole of the driving nmenber is in |linear

cont act WhtSctodigs bromanganeionvhi ch is provided in the | ens hol ding
frame, has a taper-like projection shape the diameter of which becones

smal ler toward a tip and a dianmeter of its bottom part being Iarger t han
that of the poghtiaOniedg RRIQin@NdpSXELNAS ddtorieny €RS QAN GiMesedXi S

direction, so that the driving nmenber is nounted rotatably to the |ens
hol di ng f HBVRN-1gRd (Gl itAgPAEREEE Lo BALDINS SE8TE BN RYMSt Re dri vi ng
menber agaémstaddieis guided by a first guide pole and a second guide
. pole to siidably move in the lens optical axis direction, a
J driving shaft having a feed screw which is rdtated and driven
by a motor, and a driving member which has a rack threadedly
engaged with the feed screw of the driving shaft at one end
and is engaged with the lens holding frame at the other end,
wherein the driving member is obtained by two leg parts
capable of performing elastic deformation and provided
parallel with each other, which are respectively provided
with positioning holes at their tips, being formed integrally
by a resin material, a positioning hole of the driving member
is in linear contact with a positioning dowel which is
provided in the lens holding frame, has a taper-like
projection shape the diameter of which becomes smaller toward
) a tip and a diameter of its bottom part being larger than-
that of the positioning hole, and extends in the lens optical
axis direction, so that the driving member is mounted
rotatably to the lens holding frame, and a spring member,
which presses the rack of the driving member against the
drivin§ shaft also provides an elastic rotating force in a
direction along which the lens holding frame 1is pressed
against the second'guide pole, is provided between the lens
holding frame and the driving member, and a mnoment in a
direction along which the 1lens holding frame is pressed

against the second guide pole by a self-weight of the lens



 drtving shaft also provides an elastic rotating force in a directﬁoa QUBd@ﬂ
,which the ens holding frane is pressed -against the second guide pole, is
provi ded between the lens holding frane and the driving nmenber, and a
nonent in a direction along which the Iens holding frane is pressed
dgai nst the second guide pole by a self-weight of the | ens 25 AUG 200 7
holding frame is added in the elastic rotating force of the spring nenber.

Thereby, randomvibration to_ a photogaphed video produced ggea rotation
of the notkrldisg drpeengs cadtesk imvidiededastbnd wtageng difspraicehehle by t he

MOt Or fOr gsisViNGueh@Br . Dank 2bbff Ubdifckd ANSakt B8 @8 thep 8o dhaat acement

of the Ilens. continually stable driving. performance of the |ens can
t hen be gudrdsst eegdueed didiengotatioe detdedmpiphgfappiriaing efntdre present

i nvention [fd;@eH) 2dnd | A8 HEHS1 LlehbhP I PPRA HotSr Ofo0diFind s ch St OpPper
whi ch restricts deformati on and om ssion of the driving nenber is forned

i nt egral | yen fxitaldyi Fragsheiissr amnehe héeedndipplagementr ffe, thee st opper

being arranged i ¢ inkhipi b¥awle t&ﬁvfiﬁgd petEEWhandier SOV h I Edh AN
external force acts on the lens holding frame due to a fall, shock, or the

| i ke, the @™ hey BRedberarkiftbe prevented frombeing separated away from
the I ens holding frane. BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 is an

expl oded perspective view of a main portion according to an enbodi nent of
a | ens drivingAccordlng to the lens driving apparatus oI the present

invention (Claim 2), in the lens. driving apparatus of Claim
] 1, a.stopper which restricts deformatidn and omission of the
-) dfiviﬁg member is formed integrally with the driving member
and the lens holding frame, the stopper being arranged in the
vicinity of the feed screw. Thereby, when an external force
acts on the lens holding frame due to a fall, shock, or the
like, the driving member can be prevented from being

separated away from the lens holding frame.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded perspective view of a m@in‘
portion according to an embodiment of a lens driving

apparatus of the present invention.

Figure 2 is a side view illustrating a state where a
driving member and a ¢o0il spring are attached to a lens
holding frame of the lens driving apparatus shown in figure

1.

Figure 3 is a vector diagram illustrating directions of
forces to act between a position where the lens holding frame
and the coil spring are abutted and a position wheré the lens
holding frame and a second guide pole are abutted in the lens

driving apparatus shown in figure 1.



apparatus of the present invention. Figure 2 is a side vieM/iIIustZQtfH& A004
,State where a driving nenber and a coil spring are attached to a |l ens

hol ding frane of the lens driving apparatus shown in figure Figure 3 is a
vector diagramillustrating directions forces to act between a position
where the lens holding frane and the coil spring are abutted and a

position where the lens holding frame and a second gui de pole are abutted
in the lens driving apparatus shown #n figure 1. 2 5 AUG 2004 Figure 4 is

a cross sectional viewof a main section illustrating a state where a | eg

part of the dripifgemambar i s-Qd achedohd avPesi bEoni R@idowekt byt he | ens

holding frame in the |lens dI’IVI ng apparatus shown in figure 1. Figure 5 is
a cross sektlughaptinew oftatamaiherseat foa part vef rithe rifiyisgoppekenf the

driving meqbef: chBnbferd eNSpodii ¥h gy %Q:%ﬁaBEStﬁQOY‘EhA hd1d@Hge rland gure 6

is a cross sectional viewof a main section illustrating a state where an
ext er nal fkﬂwﬁbeab%%ﬁ(ﬂ¥lﬁhégl%HR?rahE#(ﬁhﬂynfFan%iQQ§ecﬂeate di spl acenent in
the lens driving apparatus as shown in figure 1. Figure 7 is a cross
sectional view of a main section illustrating a state where the |ens
driving appar atfd§uSRown 15i ? f¢AFEe SECEEORI) t BEFWIpRAT A. mFP-@uF‘éCBl‘?TS a
perspecti vig 1use¥aOfn? ARisRopSEL | BF itRed ar39ANENWeRBAL liGNStHY | VAP

apparatus (prior art Figure 9 is a partially cross sectional view
driving apparatus shown in figure 1

Figure 6 is a cross sectional view of a main section
) illustrating a state where an external force acts on the lens
holding frame to create displacement in the 1lens driving

appératus as shown in figure 1.

Figure 7 is a cross sectional view of a main section
illustrating a state where the lens driving apparatus shown

in figure 1 is tilted upward..

Figure 8 is a perspective view of a main section in a

conventional lens driving apparatus (prior art).

Figure 9 is a partially Cross sectional view
) illustrating an engagement of a first arm having spring
characteristics of the driving member and a feed screw in the

conventional lens driving apparatus (prior art).

Figure 10 is a ©partially cross sectional view
illustrating an engagement of a second arm of the driving
member and the feed screw in the conventional lens driving

apparatus (prior art) .

Figure 11 is a partially cross sectional view

illustrating a state where an edge portion having spring



« ilfustrating an engagenent of a first arm having spring charact erzi étii\gg i
the driving nenber and a feed screw in the conventional |ens driving
apparatus (prior art). Figure 10 is a partially cross sectional view
illustrating an engagenent of a second armof the driving nenber and the
feed screw in the conventional |lens driving apparatus (prior art). Figure
11 is a partially cross sectional view illustrating a state where an edge
portion having spring 2 5 AUG 2004 9 9characteristics of the driving nmenber
and the | efharRekartics: ke thagdhviiidt erekerh avderthen l¢rs cbaldirg onal | ens

driving appaeabhaddith BAED ofHGULR Lhe | orreRREGAA | derGr @3Sy HEFLT ONal
view illustrating a state where a stopper edge portion of the riving
menber is dnpeEpted (Rrigrgabeve for a joint of the lens holding frame in
the conventional |lens driving apparatus (prior art). Figure 13 is a cross
sectional view of a main section when the conventional |ens driving
apparatus is fd&dgdren 42 hdsi zoht abaxliieddyi ofrees peESER ROt ofFphi ng
(prior artyyyELoM&gldai Staclr QRerseal iQnpbei QWeel R MRLA QCLLN
illustrating a state where the conventional lens driving apparatus is
tilted upRERYLIPPr MERPER t33 BESFIREDERFER CARRY NGrOdT Rt NENAEON

Her ei naf t Qensafo BAtiRdisvRRE £f dHie BheSNoralVeBhLS OBr Wilny apparatus

{(prior art).

) Figure 13 is a cross sectional view of a main section
: when the conventional lens driving apparatus is faced in a

horizontal direction to perform photographing (prior art).

Figure 14 is a cross sectional view of a main section
illustrating a state where the conventional lens driving

apparatus is tilted upward (prior art).
BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, an embodiment of the present inventiom will
be described with reference to figures. Further, the séme
numerals are given to the same parts as the above-described

--) _ conventional example,  and the detailed description thereof

will be omitted.

Figure 1 is an exploded perspective view of a main
portion of a lens driving apparatus according to an
embodiment of the present invention, figure 2 is a side view
illustrating a state where a driving member and a coil spring
are attached to a lens holding frame in the lens driving
apparatus shown in figure 1, figure 3 is a vector diagram
illustrating directions of *~ forces which act between a

position where the lens holding frame and the coil spring are



be described with reference to figures. Further, the same nuneral o & UG 2
.given to the sane parts as the above-descri bed conventional exanple, and
the detail ed description thereof wll be omtted. Figure 1 is an expl oded
perspective view of a main portion of a lens driving apparatus according
to an enbodi nent of the present invention, figure 2 is a side view
illustrating a state where a driving nenber and a coil spring are attached
to a lens holding frame in the |lens dWivi n? apparatus shown in figure 1,
figure 3 iePURteRceBe @i Rpsdirion| MHSTe athagleans eg?lw oframef gnged whi ch act
bet ween a seR@gAt §RIUIMKSIR the |8R+0Q! dh nond r 2o ad il apbirsfsi N9 are 25
AUG 2 10 abutted and ‘a position where the |lens holding frame and a second
gui de pol €hare aBufi®grs nl i helquwgs ddriisvienFragpasgactsonasdhdaswi ®f isgure 1,
figure 4 ingiAd GELESoPeEllPNAlacYhgWaOlst@re MahBroeal QR iakUsiiratifag a state
where a leg part of the driving nenber is attached o a positioning dowel
of the | eASiVing demgerr Afreatiraigd tens rRRSIFLABLIRP o sLusT sHRLENS figure

1, figurensrdsnd £FARS i$LGHONRhsY UeW Mg SapPrRtasCEhdhh id | ti3hiating a
stopper of the driving nenber in the |ens riving apparatus 25 AUG 2 11
shown in frgdiguie £ ghif e26 Gr&58 ECE580RTct VHRAI Ogi éw BFing $RfFdOlsect i on

i1 Tustratiingus Sitahg WhestophereXd € BRé LR ¢enAChemNY t € the 1lens

driving apparatus



lens holding frame to create displacenent in the | ens driving appé%gtggb 2
shown in figure 1, and figure 7 is a cross lens driving apparatus shown in
figure 1 is tilted upward. In figures 1 and 2, nuneral 1 denotes a |ens,
and nuneral 2 denotes a |lens holding frane nmade of a resin, for hol ding
the lens 1. The lens holding frame 2 is held by a first guide pole 3 and
a second guide pole 4, and has a constant clearance D positioned in the
second guide pole 4 to be guided, and slidably noves in the direction of a
| ens optical axis 5. Nuneral 9 denotes a driving menber which connects the
lens holding franme 2 wth a feed sgrew 7a fornmed in a driving axis 7 of a
notor for driving 6. On the driving nmenber 9, the foll ow ng conponents

are integrally fornmed: a |leg part 9) capable of elastic defornmation, which
part is conposed of two plates having spring characteristics and extendi ng
in parallel with each other, a nmounting dowel 9h which nmounts a coi

spring 11, a first groove 9g agai nst which an end portion of the coi
spring 11 abuts, and a rack part 9f which is Eressureﬂ and_energi zed by

t he f&d@wsciawirguandl mekisiiehe® drS \A iF FEnBEFT ORI s eV ¥l 3 MaiRe

directdeenigh theudENs 0Bt hCakaaXi §hédrd 0QLtd@erWhl Nrdrcd 058t d Opn Ofnd he feed
screw 7a. Further, the l'eg part 9 is provided with a positioning hole 9
whi ch lergaded dingh GrpEe2FoARs 0G4 displgsererbnig Wewete™ F6EREEin t he
| ens B?L)ngué e iand: gRkes:, they lregupart 2 ardokbeirbgasabobthgg frame

2 rotatable to each  other. i .
apparatus shown in figure 1 is tilted upward.

In figures 1 and 2, numeral 1 denotes a lens, and tnmnerai 2
denotes a lens holding frame made of a resin, for holding the
lens 1. The lens holding frame 2 is held by a first guide pole 3
and a second guide pole 4, and has a constant clearance D1
positioned in the second guide pole 4 to be guided, and slidably
moves in the direction of a lens optical axis 5. Numeral @2
denotes a driving member which connects the lens holding frame 2
with a feed screw 7a formed in a driving axis 7 of a motor
for driving 6. On the driving member 9, the following components
are integrally formed: a leg part 9j capable of elastic
deformation, which part is composed cof two plates having spring’
characteristics and extending in parallel with. each other, a
mounting dowel Sh which mounts a coil spring 11, a . first
groove 9g against which an end portion of the coil spring 11
abuts, and a rack part 9f which is pressured and energized by
the feed screw 7a and makes the driving member 9 itself move in
the direction of the lens optical axis 5 together with a
rotation o©of the feed screw 7a. Further, the leg part 93 is

provided with a positioning hole 9i which engages with the



Further, the coil spring 11 is engaged with the nounting dowel 9h) harfdiGt D§R4
first end portion 1la and the second end portion 11b abut agai nst the
first groove 9g forned in the dr|V|n menber 9 and the second groove 2e
formed in the lens holding frame Z14®espectively, and the rack part Of
abuts against the feed screw 7a by a reaction force of the coil spring

11, as well as the lens holding frame 2 is constructed so as rotate in a
countercl ockwi se direction by using the first guide pole 3 as a rotation
fulcrumshaft. Further, the lens holding frane 2 is provided with an
engagineg ifaraninrg demedr AP o ren MWtWQ%P@lFIé% ﬁ%?’ﬁ?r?gapfjdﬁ%kﬂsas a
stopper. In a lens driving apparatus so constructed, as shown in figure 2,
a for cdeallegypaatt §joand Cipolems dicldngehsane| dirgataake POVRRER has a
constant clearance DI in the second guide pole 4 to be slidably and
novabloghieed.d in a countercl ockwi se direction shown by an arrow, by the
reaction force of the coil spring 11, and this wll be described in

det ai | s wi Flumtéfeer,erde tdvd vepomgildwishemyaged iwjurle tdhe migurtei8g A shows
a center of the first guide pole 3 shown in figure B shows a contact point
bet wedawiehe Becant griveveéi Petanddt pedaidn shta ngndlfhandeCsttbwend cont act
point between the second guide pole 4 and the lens holding franme 2. 2 5
AUG 2004tib3 Wien gbwieragedhsdi taet ifdrstomonenté Bf foreledstic theating

force generated by the coil spring 11 to a |ine segnment which

driving member 9 and the second groove 2e formed in the lens
holding frame 2, respectively, and the rack part 9f abutsr
against the feed screw 7a by a reaction force of the coil spring
11, as well as the lens holding frame 2 is constructed so as
to rotate in a counterclockwise direction by using the first
guide pole 3 as a rotation fulcrum shaft. Further, the lens
holding frame 2 is provided with an engaging part 2c integrally
formed with this lens holding frame 2 as a stopper.

In a lens driving apparatus'so constructed, as shown in
figure 2, a force always acts on a C-point of the lens holding
frame 2 which has a constant.clearance D1 in the second guide
pole 4 to be slidably and movably held in a counterclockwise
direction shown by an arrow, by the reaction force of the coil
spring 11, and this will be described in details with reference
to the vector view shown in figure 3.

In figure 3, A shows a center of the fifst guide pole 3
shown in figure 2, B shows a contact point between the second

groove 2e and the coil spring 11, and C shows a contact point

between the second guide pole 4 and the lens holding frame 2.



links Ato Bis FB, a rotation nonent is generated in the counter&%c&%s?&ﬂ"
direction by taking the center A of the first guide pole 3 as reference.
Accordi ngly, when a conponent which acts in a vertical direction to a line
segnent which links the A-point to-iRe G-point is FCin the Gpoint, a
force in a direction of FC=FBxAB/ AC al ways acts. Further, the nonent in a
direction along which the lens holding frame 2 press-contacts wth the
second guide pole 4 by a self-weight WL of the lens holding frame 2
including the lens 1 is added in the elastic rotating force. Next, as
shown in fighes ayverttd qedsili krenitagndoamporbnka9f My ed atsdder TPitRE 131Dj ect i ng
shape the dianeter of which becones which dowel is formed integrally with
the |ferctowandrated by tBeacbéhssholidionglf tane 2inessapmgaitehtich he | eg
part 9] of the driving menber 9 in a state where the positioning dowel 2b
is elashksabl yosapper tfed by et aigi sandeimehéd i sanpsnexsasédwani thef i gure 2,
the driving nmenber 9 is rotated by the coil spring 11 in a clockw se

di rectiommtubelLebxwike dackcpdion By fakimd thetdestdriAiog tieniiersy is

t hreadedly engaged with the feed screw 7a. Further, the positioning hole 9i

for medgindé iol€g astrHethasca. t apsrotdkegpypjwicén rgcohapaattewtiaiet er of

whi ch ~becones smaller toward a tip such that the driving nmenber 9 easily

r ot at e$e+ §Nith i viet Hild20aH 1 GRHEGn T as1hak keggenes ahdch links the
A-point to the C-point is FC in the C-point, a force in a
direction of FC=FBxABR/AC always acts. Further, the moment in
a direction along which the lens holding frame 2 press-contacts
with the second guide pole 4 by a self-weight Wl of the lens
holding frame 2 including the lens 1 is added in the elastic
rotating foxce.

Next, as shown in figure 4, the positioning dowel 2b having

a taper-like projecting shape the diameter of which becomes
smaller toward a tip, which dowel is formed integrally with the
lens holding frame 2, is attached to the leg part 9j of the
driving member 9 in a state where the positioning dowel 2Zb is
elastically supported by being sandwiched, and, as shown in
figure 2, the driving member 9 is rotated by the coil spring
11 in a clockwise direction, whereby the rack part 9f formed
in this driving member 9 is threadedly engaged with the feed
screw 7a. Further, the positioning hole 9i formed in the leg
part 9j has a taper-like projecting shape the diameter of which
becomes smaller toward a tip such that the driving member 9

easily rotates, and is in linear contact so as not to generate



z -14 a backl ash due to a clearance between the positioning hole @n§ Abie 25p
positioning dowel 2b of the lens holding frame 2, where the rotating
friction resistance is small. Further, as shown in figure 5, a projection
9k is provided at a tip of the drivirdd— nember 9, and an engagi ng part 2c
is integrally formed on the lens holding frame 2 in a position which is
apart froma ti the projection 9k by clearance, so as to constitute the
st opper by engaging with the projection 9k. P In this way, the driving
menber 9 and the |lens holding frane 2 engage with each other, whereby, as
shown enbacgdrehsdughtn aaclestanice hedieest tbg BReWURINT ftebv H acts on
the lens holding frane 2 due to a fall, shock, or the like, lift is
pr oducedd @yaipest. ttilen ipos doivedi g cdoee 18 g hotlkd nigefrpret2 gjwhe nddviever ,
this tinme, the projection 9k integrally formed at at the driving nmenber 9
abut s apai nstathegefigagitignpaes ilsdaorashdnsd smed It.-haFutiddmg gEarsth®@ini s not
separated away from the positioning dowel 2b. In the lens driving
appar ainst sgueorst muptedecahonplkai s grovivere et wi tip bef dédscdirtbetdng
herei nafter. Wien the video canera

member 9, and an engaging part 2c is integrally formed on the

lens holding frame 2 in a position which is apart from a tip

of the projection 9k by clearance, so as to constitute the

stopper by engaging with the projection 9k.

In this way, the driving member 9 and the lens holding frame

2 engage with each other, whereby, as shown in figure 6, when

a force in a direction shown by an arrow F acts on the lens holding

frame 2 due to a fall, shock, or the like, 1ift is produced

against the positioning dowel 9b in the leg part 9j. However,

at this time, the projection 9k integrally formed at a tip of

the driving member 9 abuts against the engaging part Z2c

beforehand, so that the leg part 9j is not separated away from

the positioning dowel Zb.

In the lens driving apparatus so constructed, an operation

thereof will be described hereinafter. When the video camera

is trained on a given subject, the lens driving apparatus built

in the video camera operates to perform focusing on the subject,

and the lens 1 in this lens driving apparatus is moved to the

focusing pesition, by an automatic focusing control circuit not

shown. At this focusing operation, the lens driving apparatus

shown in figures 1 and 2 operates so that the motor for driving



is trained on a given subject, the lens driving apparatus built i . BhélG 2
vi deo canera operates to performfocusing on the subject, and the lens 1
inthis lens driving apparatus is noved to the focusing position, by an
automatic focusing control circuit md®~ shown. At this focusing operation,
the lens driving apparatus shown in figures 1 and 2 operates so that the
notor for driving 25A -15 6 rotates, the driving nmenber 9 pressed agai nst
the feed screw by the coil spring 11 noves in the direction of the |ens
optical axis 5 in accordance with the rotation of the notor for driving 6,
and t he dadist el dibR) daianan @ Meghaae e BTes SeReddRlishg thRefBEA 9CTEYal so
guided by the first guide pole 3 and the second guide pole 4 in accordance
with tTe byt bheonodfl s imst orl feRveslriyi Fye6disesitigabl gL npve LR1Ehe
direction of the lens optical axis 5, thereby obtaining focusing by using
the | apticatatis $ thneccakdhoaghvibe fleed oortelvey @ itheamed oy far
rotational vibration of the notor for driving 6, a vibration the feed screw
7a i s drixnsng té,edntothéd ers hiodglimgnbeamd, 2 verameset e o bk guivief of the
driving nenber 9 is always pressed agai nst the feed screw However, since

t he caidmisdr ingsldlwhigi pedHydehet herstagtide ol ingnfotbe $gcdndposed
between the driving nenber 9 and the lens holding frame 2, and further a
monentguitie ghI€ed iion sdangiandcehwitie tlensdddiog of relme Roterpfessed

agai nst the second guide pole 4 by the self-weight of the |ens hol ding
frame Eiivicieid 89 §hedheny Move in the direction of the lens optical

axis 5, thereby obtaining focusing by using the lens 1.

At this time, although the feed screw 7a vibrates by a
rotational vibration of the motor for driving 6, a vibration
of the feed screw 7a is transmitted to the driving memberxr 2,
pecause the rack part 9f of the driving member 9 is always
pressed against the feed screw 7a. However, since the coil
spring 11 which provides the elastic rotating force is disposed
between fhe driving member 9 and the lens holding frame 2, and
further a moment in a direction along which the lens holding
frame 2 is pressed against the second guide pole 4 by the
self-weight of the lens holding frame 2 including the lens 1
is also added in the elastic rotating force, the vibration which
is produced in the lens holding frame 2 is absorbed.

Next, a description will be given of a case where the lens
driving apparatus according to this embodiment is tilted upward
with reference to figure 7. As shown in figure 7, the leg part
99 of the driving member 9 elastically supports the positioning

dowel 2b having a taper-like projecting shape, which dowel is



is also added in the elastic rotating force, the vibration which? bsAUG 2004
produced in the lens holding frame 2 is absorbed. Next, a description wll
be given of a case where the lens driving apparatus according to this
enbodi ment is tilted upward with rei@rence to figure 7. As shown in figure
7, the leg part of the driving nenber 9 elastically supports the
positioning dowel 2b having a taper-like projecting shape, which dowel is 2
5 AUG 2004 -16 formed in the Iens holding frane 2, by sandw ching the
dowel 2b. In addition, the positioning hole 9i formed in the |eg part has
a tapeferme@ b ofetlagsSshapdiagd firamen 2l i hearapdmiadiing BRengevwed
generate a backl ash due to a cl earance between the positioning hole 9i and
t he post+i dmi agdddwen . hbhaipesitaaring ke Aerformeddin vilyRy Lsshbértt he | ens
pressed agai nst the feed screw 7a by the above-descri bed action of the

coi | i ihveg Bltaped-d inwramo]echinl reuiporarad o hildneae ¢ensachol di ng
frame 2 press-contacts with the second guide pole 4 is provided.

Ther efsar es satht@a gomeat ¢ ondagileasinementohatcldacascagoéswekhn biiet hat t he
lens 1 is tilted due to a difference between positions is renmoved. In

addi t ipes i ttilenidrg \vihoilbe neirbend ®heapobattibhihly dowaisifid dihetlieedens

di spl acenent of the feed screw 7a to the lens holding frame 2 the feed

di spl acarEnig frame 2. Further, the driving member 9 is pressed
against the feed screw 7a by the above-described action of the
coil spring 11, and a moment in a direction along which the lens
holding frame 2 press-contacts with the second guide pole 4 is
provided. Therefore, such a conventional phenomenon that
focusing is off by that the lens 1 is tilted due to a difference
between positions is removed. In addition, the driving member
9 can faithfully transmit the feed displacement of the feed
screw 7a to the lens holding frame 2 as the feed displacement,
and the lens 1 is guided by the first guide pole 3 and the second
guide pole 4, thereby moving the lens 1 in the direction of the
lens optical axis 5. Further, W2 denotes a self-weight in the
direction of the lens optical axis 5.

Further, while an example in which the leg part S8j is
integrally formed in the driving member 9 is described in this
embodiment, this leg part 9j may be a different member that is
separated from the driving member 9. Further, while the coil
spring 11 is described as a different member from the driving

member 9, the driving member % may be provided with a member

having spring characteristics as an integrated part.



and the lens 1 is guided by the first guide pole 3 and the second %JidgHSZUM
pole 4, thereby noving the lens the direction of the lens optical axis S.
Further, W2 denotes a self-weight in the direction of the |ens optical

axis 5. Further, while an exanple inMhch the leg part 9 is integrally
formed in the driving nenber 9 is described in this enbodinent, this |eg
part 9) may be a different nmenber that is separated fromthe driving
menber 9. Further, while the coil spring 11 is described as a different
menber fromthe driving nenber 9, the driving nmenber 9 may be provided
with a nenbérs dessdmnghsgrehgveharaticardistg cso ash s enbeghiaked pathe 2 5 AUG
200 As descri bed above, according to this enbodinent, the vibration of the
ot or frabrdridime B tise ahsvobedobydtheiagi b ispabR@rbedvbettie @bsposed
between the driving nmenber 9 and the lens holding frame 2, and by the

press tpednighd 1l ems d1olik nfi spoese BedgabnAsthkharseaond mguiter pol gnd due to
the self-weight the lens holding frame 2 including the Iens 1. Therefore,

the vi phati&ns tfotdienyensarde GgNabe K eroNE e elshe k@B £88DMINY hdheiygbration
of the photographed video. Further, the positioning dowl 2b provided in

the | epsaf@l di MgainadterRel Sec6ARSEIYGECSL O A%l e tl-asthgallads gnipported
by being sandw ched by the positioning dowel 91 provided in the Teg part f

the drjyi pge "eORSTh91 4k ARG’ eRUMEPDYHPY 1A nQC EW GRGS the haeklash-due to a
cl earance between the nenbers, faithfully
the vibration of the lens 1 can be removed, thereby removing
the vibration of the photographed video. Further, the
positioning dowel 2b provided in the lens holding frame 2 is
constructed so as to be elastically supported by being
sandwiched by the positioning dowel 9i provided in the leg part
97 of the driving member 9, thereby removing an occurrence of
the backlash due to a clearance between the members, faithfully
transmitting the feed dis?lacement by the motor for driving 6

at photographing as the feed displacement of the lens 1, and

guaranteeing the continually stable driving performance of the

lens 1.

Industrial Availability

As described above, the lens driving apparatus according
to the present invention relates to a lens driving apparatus
which performs fdcus adjustment (focusing) by performing lens
position adjustment of a master lens when a subject is
photographed by using a video camera or the like, and, more

particularly, the lens driving apparatus can prevent defocusing



transmtting the feed di spl acenment by the notor for driving 6 phéiggﬁgthM@
as the feed displacenent of the lens 1, and guaranteeing the continually
stable driving performance of the lens 1. Industrial Availability As
descri bed above, the lens driving app8ratus according to the present
invention relates to a lens driving apparatus which perfornms focus

adj ustnent (focusing) by performng |l ens position adjustnent naster |ens
when a subject is photographed by using a video canera or the |ike, and,
nore particularly, the lens driving apparatus can prevent defocusing 2 5 AU
G 2004ungng @ 2P X RR ot &4 BALER IndAGRS NG 8% AgTeFvgeMst @S ng a
phot ogr aphed i mage which is involved by a difference between positions at
phot ogr Bty r Poh e igpa @ AINSH ¢ s1inxolaes Bii ¢ digf BppanaeuBeRyeiely a | ens
hol ding frane which holds a lens and is guided by a first guide pole and a
secondasi tieopsl att pholtiogaisiphimsie in the lens optical axis direction, a
driving shaft having a feed screw which is rotated and driven by a notor,
and a driving nenber which has a rack threadedly engaged with the feed
screw of the driving shaft at one end and is engaged with the | ens hol ding
franme



+at-the other end, wherein the driving nenber is obtained by two Ie@ BaApg 2
.capabl e of performng elastic deformation and provided parallel with each
ot her, which are respectively provided wth positioning holes at their
tips, being formed integrally by a resin material, a positioning hole of
the driving nenber is in linear contact with a positioning dowel which is
provided in the lens holding frame, has a taper-like projection shape the
di amet er of which beconmes smaller toward a tip and a dianeter of its
bottom part being |arger than that of 1%t he positioning hole, and extends in
the | ens JP#H¥8I axis direction, so that the driving menber is nounted
rotatably to the | ens hol di ng frane and a spring nenber, which presses
the rack of the drivin menber against the driving shaft al so provides an
elastic rlot at PngtePsr Eivang @ppatatuwm haomg vhi é#ng hboldsimy histadieng  frame

i s presseqnhagri Rsiast ke 1386 0BLa OW Cb%ﬂ&@hebylé P{ %‘idebf}‘ di'@%t e lens

hol ding frame and the drivi.ng nenber, a nmonent In a ection al ong
whi ch t he SEERRA hgitidlendPoflearke |S§1d®?38S§@ﬁfeag{§'| e tlﬁésseﬁbmlgm}fdé pole by a

sel f-wei glati r@éritdds 4 easibohgli REaEF a'ﬁ%vhﬁg a%degeédq ngevﬁl galégr netating
force of the spring nenber. 2 5 AUG 200420 2. The lens dr|V|ng appar at us
of claim foivi\ﬁ’\"e‘?"g iamda dEL VRTh dty \ﬁhfﬂe*ﬁoﬁ?esam @t drieing mempen wniFho®assi on of

a rack threadedly engaged with the feed screw of the driving
shaft at one end and is engaged with the lens holding frame
at the other end, wherein

.,) the driving member is obtained by two leg @parts
capable’ of performing elastic deformation and provided
parallel with each other, which are respectively provided’
with positioning holes at their tips, being formed integrally
by a resin material,

a positioning hole of the driving member is in linear
contact with a positioning dowel which is provided in the
lens holding frame, has a taper-like projection shape the
diameter of which becomes smaller toward a tip and a diameter
of its bottom part being larger than that of the positioning
hole, and extends in the lens optical axis direction, so that
the driving member is mounted rotatably to the lens holding

“_) frame, and

a spring member, which presses the rack of the driving
member against the driving shaft also provides an elastic
rotating force in a direction along which the lens holding
frame is pressed against the second guide pole, is provided
between the lens holding frame and the driving member, and a
moment in a direction along which the lens holding frame is
pressed against the sécond guide pole by a self-weight of the
lens holding frame is added in the elastic rotating force of

the spring member.



+the driving nenber is fornmed integrally with the driving nenber grgj Alhe 2004
lens holding frame, said stopper being arranged in the vicinity of the
feed screw ABSTRACT In a lens driving apparatus according to the
present invention, as shown in figure 1, a positioning dowel 2b which
rotatably supports a shaft of a driving nenber 9 so as not have a backl ash
is formed in a lens holding frane 2, a rack part 9f and a coil spring
mounting dowel 9h are formed in the driving nenber 9, a coil spring 11 is
nounted on the coil spring nmounting @&bwel 9h of the driving nenber 9, and
the rack part 9f of the driving nenber 9 is pressed against a feed screw 7a
of & motoryfor §ifd vigig érﬂYin'ﬁs?EgafJﬁspgf'éi% 9, fongl, 2b of ‘the |ens
hol ding frane 2 as a rotation crum as we as thelens driving
appar at us has ah &reRRarc Whicht inegtrdree defarmditient pod oafiemnipwhéth t he
| ens hol di f Lo | Sedpde n; SEH ihde l . 4,..and further
a nonent iﬂﬂz g??ﬁ%%%oﬁealongiﬁhﬁgﬁﬁe€héﬂFéns ’ Id?ﬁgpng%e%flréﬂ%ressed
agai nst t heemkegona@nguithe gena shdimge Seane,neisghd oftadrer| ehsitwl di ng
frame 2 ingtAdiqBd id RGd 688ididyS ol 8Re 3dBUscrew According to the lens
driving apparatus so constructéd, a photographed video does not vibrate
due to a vibration by the notor for driving, thereby realizing the |ens
driving apparatus which faithfully transmts a feed di spl acenment by the
notor for driving as the feed displacenment of the | ens and has a stable



2 5 AUG 2004

driving performnce.

21—~

ABSTRACT

In a lens driving apparatus according to the present
invention, as shown in figure 1, a positioning dowel 2b which
rotatably supports a shaft of a driving member 9 so as not to
have a backlash is formed in a lens holding frame 2, a rack part
9f and a coil spring mounting dowel 9h are formed in the driving
member 9, a coil spring 11 is mounted on the coil spring mounting
dowel 9h of the driving member 39, and the rack part 89f of the
driving member 9 is pressed against a feed screw 7a of a motor
for driving 6 by using the positioning dowel 2b of the lens
holding frame 2 as a rotation fulcrum, as well as the lens
driving apparatus has an elastic rotating force in a direction
along which the lens holding frame 2 is made to abut on a second
guide pole 4, and further a moment in a direction along which
the lens holding frame 2 is pressed against the second guide
pole 4 by the self-weight of the lens holding frame 2 including
the lens 1 is also added.

According to the lens driving apparatus so constructed,
a photographed video does not vibrate due to a vibration by the
motor for driving, thereby realizing the lens driving apparatus
which faithfully transmits a feed displacement by the motor for

driving as the feed displacement of the lens and has a stable

driving performance.



