"MOTOR- DRI VEN BLADE DEVI CE, E.G FOR A CAMERA" The present invention
relates to a notor-driven bl ade device, e.g. for-a canera. It is known to
enploy a notor to nove the shutter blades of a canera instead of using
springs therefor. 5 Such a notor-driven shutter is disclosed,
for exanple, in Japanese Laid-Open Patent Specifications Nos ?2&:252932
and 57327/1985. In the construction disclbsed in the forner ;5 al ent
Speci ficatiron,the shutter bl ades have a rectilinear sliding 10 not i on
and, therefore, at |east two support portions are needed to limt the
recti.linear sliding notion of the shutter blades. Since a large frictional
resistance i s produced, the shutter blades are unable to respond quickly to
the rotation of the motor. Hence, it is difficult to control the operation
of the 15 shuMPTOR-DRIVEN, BLADE DEVIGE, EyG. FOR A& CAMERAICt| on di scl osed in
the |l atter Japanese Patent Specification, the shutter blades are driven
near their axes of rotation and so the efficiency of operation is high.
However, a rattle which is produced because of clearances between 20
conponents i s augnment.ed by th Qrtions t he u bl ades i ch control
the exposure. The shu’?‘tee ¥% A egnvgglr:\%%nt r%%?té% §/§Pae¥sn%g°nrdla g"%é&% ation of
t he not or becausgegicet,h .g&ugggn;%qmera.z rattl e and the monment of inertia,

in the same way as Inthe first-mentioned construction. Consequently, it is
difficult It is known to employ a motor to move the shutter blades

. of a camera instead of using springs therefor.
~ 5 ~ Such a mofor-driven shutter is disclosed, for example,
in Japanese Laid-Open Patent Specifications Nos. 150829/1982
and 57327/1985.
In the construction disclosed in the fgrmer Japanese Patent
Specification, the ghutter blades have a rectilinear sliding
10 motion and, therefore, at least two support portions are needed
to limit the rectilinear sliding motion of the shutter blades.
Since a large frictional resistance is produced, the shutter
blades.are unable to respbnd quickly to the rotation of the
./ .motor. Hencé, it is difficult to control the operation of the
15 shufter blades accurately.
In the cons;rﬁction disclosed in the latter Japanese Patent
Specification, the shuttgr blades are driven near their axes
of.rotacion and so the efficiency of operation is high. However,
a r#ttle which is produced because of clearances between
20 components is augmented by the portibns of the shutter blades
whiéh control the exposure. The shutter blades cannot quickly

respond to the rotation of the motor because of the augmented



to control the operation of the shutter bl ades accurately In particular,
where shutter bl ades which also act as 5 a di aphragm are driven by
a notor and when the subjects being photographed are bright, exposure .
errors are greatly increased. A special device'is needed for caneras using

a photosensitive material having a narrow latitude. In the construction
di scl osed in the fornmer Japanese 10 2 Pat ent Specification, the
shutter bl ades have a rectilinear sliding novenent and so each conponent
nmust be di sposed non-uniformy around the shutter aperture. As a result,
the |l ens system of the camera cannot be arranged in the usual 15
Accor di ng, t her fastde 308 the noperbmf Ingrsde; tPﬁeﬁaé‘el‘AaYpPBVVUé\é ea

not or -dri ven bl ade device f controlling the si ze of an aper

compr i 5ing a motTSKAEITCY  BERPTEE LR Do PR A BER s Thrid it icute

counter-clockmnse gﬁhyghgear JCh drlt\l/‘J e?y e_not or %yianch S

di sposed on one 5 53“ OPERFE AN 3per ure; 258t acﬁgrﬁ dd shaft

which is disposed ongt gﬁr {_)&ﬁigt ewl?e'rqe?tm&twebﬁﬁ@é Jhllf{l Xgag_ 0% %al ity of

bl ades each of which fy moun sa

cl ockw ge and C%%’iﬁﬁﬁfégﬂcm %@%@éxﬁtb&%‘ nﬁ)b.gytantdhﬁhérﬁttﬁgrsuﬁ?e@ﬂsmbég;{%t he

size of the aperture; h of t | ades being 2 ectly ;

or indirectly, tﬁho'ftbﬁragihhﬁeaﬁeﬁi—ight Sxposabe 2r¥BESTardl graR1p| ade device may
be made i nexpensive an , and may have excellent responsiveness.

increased. A special device is needed for cameras using

-

a photosensitive paterial haﬁing # narrow latitude. Q-)
In the construction disclosed in the former Japanese

10 Patent Specification, the shutter blades have a rectilinear .
sliding movement and so each component must be disposed
non-uniformly around the shutter éperture. As a result,
the lens system of the camera cannot be arranged in the
usual way.

15 . According, therefore, to the present invention,.there
is provided a motor-driven blade device for controlling_the
size of an aperture comprising a motor which can be rotated
both clockwise and counter-clockwise; a drive gear which
is driven by the motor and which is disposed on one side

20 of an aperture; at least one fixed shaft_which.is disposed
on the opposite side of the aperfure;and a plurality of
blades each of which is rotatably mounted on a said fixed shaft
for clockwise and.counter-clockwiserotétion about the latter to
control the size of the aperture; each of the blades being

25 driven, directly 6: indirectly, by the drive gear.



Preferably the notor is an electric notor which is arranged to be driven
cl ockwi se and counter-clockwise in 5 accordance with a control
signal froman electronic circuit. At |least one of the blades nay have
teeth which are in nesh with the teeth of the drive gear. Furthernore, at
| east one of the blades may have a drive connection with the said one

bl ade. In this case, 10 the drive xonnection may conprise a |ever
which is rotatably nmounted on the fixed shaft of the said one bl ade and
whi ch has a pin and slot connection with each of the bl ades. There may be
at 1'east one further gear which is driven by the drive gear, at |east one
sai %bl ade havi ng t eet h Sughcé mbBor~-driven tdiade i devires mayi b malle irespénsivet he
or a further gear. In another arrangenent, each of the blades is driven
fromthe drive gear ab¢ swallefand may havereneehienti pespoompydensisag a plurality
of parts, adjusting neans being provided for relatively adjusting said
parts so as to adjust trréeﬁﬁaeégyzme motor isyan AIpei Botnst Whkah gﬁe not or
and the blades. In this case, the said farts may conprise _a driving |ever

having teeth in mesHThft&rd AR Beedtived: c1afdvirs vadrpamteridoakrifient? | ever
being rounied on, ongole fePhuiall Lkl et S9Le 0 b delable
on 1, 35T Tent1 oned, e alebhe 3 i el ey ! AR Bl BRPS LY,
fromthe driving mesh with the teeth of the drive gear. -
Y ) Furthermbre, at least one of the blades anay have a
drive conneétion with the said one blade. In this case,
10 the drive connection may comprise a lever which is rotatably
mounted on the fixed shaft of the said one blade and which
“has a pin and slot connection with each of the blades.
There may be at least one further gear which is driven
by the drive géar, at least one said blade having teeth which
15 are in mesh with the teeth of the or a further gear.
In another arrangement, each of the blades is driven
from the drive gear by way_of a drive transmission comprising
a plurality of parts, adjusting means being provided for
relatively adjusting said parts so as to adjust the phase
20 relationship between the motor and the blades. In this case,
the said parts may comprise a driving lever having teeth in
mesh with thg teeth of the drive'gear, the driving lever being
mounted on one of a plurality of fixed shafts so as to be

rotatable in opposite angular directions, and a transmission

25 lever mounted on the last-mentioned fixed shaft so as to be



| ever to the bl ades. There nmay be an optical sensor which detects novenent

5 of a blade, the optical sensor being arranged to produce an

out put signal which controls the operation of the electronic circuit. The .
el ectronic circuit my be arranged to use the said output signal to find

the tine at which bl ade operation stajts, or to check whether the said
operation is 10 proceedi ng satisfactorily, or for a counting
operation. There may be a switch which is opened and cl osed in dependence
upon the rotation of the drive gear or of means driven thereby, the swtch

controlling the operation of the electronic circuit. Thus the switch may-
be actuated by 15p5parable B obplsdedCa{gub Clrbses gmaég rive &
gear, the idle gelé? ahaaviu?lg o#gdr ggr %[élmaterr % Méﬂn%g'&oof teeth

than the drive gegdver BcOfHy e9DQAREERIN vro@alf}J rnséiow mﬁn hﬁé &ivepgal teeth in
mesh with the drive gear and a second bl ade has inner teeth in

mesh with the driyéregees.thbhgiaddsangenent i s pref erabl y such that the
di fference between the distance of the said inner teeth fromthe centre of
the shutter aperture Zhérd maydbeaansgrichl tdensex whiohldetecth mbyeenthe said
centre is such as to nake the change 25 In the area of the
aperture fornmed byf tahdléde,stherspticakdensors bbingleradngedets prddweent r e
substantially equal to the change in the area of the aperture forned by the
second bl ade at tém ousipet signal which controls the operation of the
electronic circuit. The electronic circuit may be arranged
to use the said output signal to find the time at which blade "/
~ operation starts, or to check whether the said operation is
10 proceeding satisfactorily, or for a counting operation.
There may be a switch_which is opened and closed in
dependence upon the rotation of the drive gear or of means
driven thereby, the switch controlling the operation of the
electronic circuit. Thus the switch may be actuated by
15 an idle gear which is in mesh with the drive gear, the
idle gear having a larger diameter and a larger number of
teeth than the drive gear. : _ \‘}
In one embodiment, a first blade has external teeth
in mesh with the drive gear and a second blade has inner
20 teeth in mgsh with the drive gear.
The arrangement is preferably such that the difference
between the distance of the said inner teeth from the centre
of the shutter aperture and the distance of the external

teeth from the said centre is such as to make the change

25 in the area of the aperturé formed by the first-mentioned



centre. The invention is illustrated, nerely by way of exanple, 5 in

t he acconpanying drawings, in which:- Figure 1 is a plan view of a stepper
notor fornmng part of a first. enbodiment of a notor-driven shutter for a
camera; Figure 2 is a plan view of another part of the said first

enbodi ment showi ng shutter blades in a closed position in which 10 t hey
occlude a shutter aperture; Figure 3 is acviewsimlar to Figure 2, but
showi ng a part of a second enbodi nent; cjure 4 is aviewsimlar to Figure
3 but showing a part of a third embodi mant 15 Figure 5 is a view
simlar to Figure 1, but illustrating part of a fourth embodiment; Figure 6
is ®eview simlar to Figure 2, but illustrating_another part of, the fourth
enmbodi ment ; Fi gur &1ad¢ atathe @?éds“e%ﬂtfsn‘-wbs\??’é%aﬂ-éké’l‘iuﬁ% Yon Eh¢ jchangs) in VI I
- VIl of Flgure 6; Figure 8 is a view.simlar to F| ure 6 |II trat

a part of a flftht@ﬁbﬁ’éﬁanﬁﬁt‘heFf’Eﬁﬁté‘rg iformed, by £he; 8??’&%3? ‘gﬁ ekgﬁl n
the line I X - I X of Figure 8; 25 Figure 10 is a plan view of a
part of a sixth erPSBHT%’e and 6 Figure 11 is a plan view of a part of

a seventh enbodi ment . The invention is illustrated, merely by way of example,

5 in the accompanying drawings, in which:-
Figure 1 is a plan view of a stepper motor forming part

of a first embodiment of a motor-driven shutter for a camera;

~ Figure 2 is a plan view of another part of the said first
embodiment showing shutter blades in a closed position in which
10 they occlude a shutter apertufe;
Figure 3 is a view similar to Figure 2, but showing a part
of a second emb;diment;
Figure 4 is a view similar to Figure 3 but showing a
part of a third embodiment;
15 Figure 5 is a view similar to Figure 1, but illustrating
part of a fourth embodiment;
Y ' Figure 6 is a view similar to Figure 2, but illustrating

another part of the fourth embodiment;
Figure 7 is a cross-sectional view taken on thé line
20 | Vi1 - VI1I of Figure 6;
Figuré 8 is a view similar to Figure 6 but illustrating
a part of a fifth embodiment; |
Figure 9 is a cross-sectional view taken on the line
IX - IX of Figure 8;

25 Figure'lo is a plan view of a part of a sixth embodiment; and



Ternms such as "cl ockw se" and "counter-clockw se", as used in the
description below, are to be understood 5 to refer to directions as
seen’in the acconpanying drawi ngs. Referring to Figure 1, an electrical .,
stepper notor M which can be rotated either forwardly or reversely
according to a control signal froma known electronic circuit (not shown),
conprises a rotor R, two stators SA, 3B and coils 10 LA LB fitted
over the stators SA and SB, respectively. The rotor Ris rotatably nounted
on a shaft 1, and consists of a permanent magnet which is radially

pol ari zed so as to have a plurality of poles. The stators SA and SB have --
pol es which are. di sppsfsd bpreShtFlanOvidic ofBgpaEL CofPal S&svedtht he rotor R Agd
The coils LA LB are connected to the said known control circuit (not
shown). The st admbodifehtand SB are rigidly fixed to a base plate 8 of the
notor M by shafts [err] and [err] respectively. The positions of the
magneti ¢ pol es oppotérms sech lae Yoltogkwize?Oand "coumteg-cbwkwigd'sd by pins
[err] and [err] respectively. A shutter opening OAis forned in the centre
of the base pl @scugedfint ke Meserinviofihelowafare tobenknderstém rotor Ris
nmount ed_ext ends downwardly through the base plate. A gear 2, which is
driven dy the rist 5efel tPsdirsGhiens 6R fa¢@ in She aqr@mpEnying drayfinghe shaft 1
so as to be a press_fit thereon, The base fl ate - 7 8 is of circular shape

and extends concent R§%eIFIR8 sPoftRrrent: aRuttestrisainSREpPREX, motor M,

which can be rotated either forwardly or réversely according
to a control signal from a known electronic circuit (not o/
shown), comprises a rotor R, two stators_SA, SB and coils
10 LA, LB fitted over the stators SA and SB, respectively. The
rotor R is rotatably mou#ted on a shaft 1, and consists of
a perm#nent.magnet which is radially polarized so as to have
a plurality of poles. The stators SA and SB have poles which
are disposed opposite to fhe magnetic poles of the rotor R.
15 - The coils LA, LB are connected to the said known control circuit
(not shown). |
The stators SA and SB are rigidly fixed to a base plate \‘)
8 of the motor M by shaf;s SA1 and SB1 respectively. The
positions of the magnetic poles opposite to the rotor R
20 " are restricted by pins SA2 and SB2 respectively.
A shutter opening OA is formed in the centre of the base
plate 8 of the motor M. The shaft 1 on which the rotor R is
mounted extends downwardly through the base plate. A gear
2, which is driven by the motor M, is mounted on the front end

25 of the shaft 1 so as to be a press fit thereon. The base plate



A shutter nount 3, shown in Figure 2, is mounted on the rear surface of the
base plate 8 of the notor M Shutter bl ades 5 4 and 5 are disposed
between the shutter nount 3 and the base plate 8. Wrking regions in

whi ch the blades 4, 5 can nove are formed. The shutter blade 4 is rotatably
nmounted on a fixed shaft 4a and conprises an edge portion 4b and a groove
or slot 4c. The 10 shutter blade 5 isgrotatably nounted on a fixed
shaft 5a and conrpi ses an edge portion 5b, a groove or slot 5¢c and teeth 5d
in mesh with the teeth of the gear 2. The edge portions 4b and 5b cooperate
to-define an aperture. The shafts 4a and 5a are di sposed on the opposite

si 8% of the shutter opening QA 15 fromthe gear 2. An opening |l ever 6
is secured to the rear surface of the shutter nount 3 so as to be rotatable
about the fixed s®adfst obacirdubdm sbape and neitt engsenodrsntrigal yharoundefhgs,  and
Is fitted in the slots 4c and 5c. Another pin 6b extends further upwardly

t owar ds 20 t hehusitde apening Qdot or M protrudes upwardly of the base
plate 8 of the notor M and is in contact with a switch cont%‘?t

switch contact SWis #nS%ﬁFécﬂ“ﬂth% ghehiaciigrs Sp it Taf

swi t ches which are connect ed e control .c not. s
described later). reﬁ}' surface o t’}‘ﬁe Ien R3S A 9\#} tg‘ﬁ BIRET v ggmgter £3988i bed

above OPerBles . 4 Sulg®snoW dESAHRSenTDP 10U R0 Lol O} el ine Boke SNOW)

operates to deliv Ses r® energ
plate 8. Working regions in which the blades 4, 5 can move

N\, | are formed.
The shutter bladé 4 is rotatably mounted on a fixed shaft
4a and compriseé an edge portion 4b and a groove or slot 4c. The
10 shutter blade 5 is rotétably mounted on a fixed shaft 5a and
comf}ises an edge portion 5b, a groove or slot 5¢ and teeth 5d
in mesh with the teeth of the gear 2. The edge portions 4b
and 5b cooperate to define an aperture. The shafts 4a and 5a
aré disposed on the opposite side of the shutter opening OA
15 from the gear 2. .
An opening lever 6.is secured to the rear surface of the
shutter mount 3 so as to be rotatable about the fixed shaft 5a.
A pin 6a extends upwardly from the lever 6, and is fitted in the
._slots 4c and 5c. Another pin 6b extends further upwardly towards
20 the side of the'motor M, protrudes upwardly of the bgse plate
8 of the motor M, and is in contact with a switch contagt SW.
The switch contact SW is in contact with a contact pin SP
to form a pair of switches which are'connected to the control
circuit (not shown bﬁt described later).

25 The manner in which the structufe described above operates



two coils LA and LB with two polarities. Then, the stators SA and SB are
excited to rotate the rotor R counter-clockmﬁse 5 The shutter

bl adei5, whose teeth are in nesh with the gear 2, rotates clockw se about .
the shaft 5a. At this tine, the pin 6a is actuated by the wall defining the
slot 5¢c to rotate the opening |lever 6 also clockwi se. As the pin 6a noves

the wall defining the slot 4c in the ghutter blade 4, the shutter 10

bl ade 4 is rotated counter-clockw se gbout the shaft 4a. As the rotor R
continues to rotate counter-clockw se, the shutter opening is gradually
opened by the edge portions 4b and 5b of the shutter blades 4 and 5 to

control the exposure according to the conbination of the aperture and the%

exposure 15 Aob”@escr‘i‘bé‘rf' t PRe Q&ébﬁ%n@éﬂ%i&&i&e Sednoddde known
control circuit dellvers signals to the coils LA and for reversing the

rotor R Then thgpdQkes 3 ue1ivevesi@ath Yos QV@rﬁﬁges Siu,bs m&iasfg thée gear 2
rotates the shutter blade 5 counter-clockw se about the shaft 5a and the

bl ade 5 cooper at &so 28ils LA andVMLBNhwidhe thd 3dRaditiesC| MRea, tdle shadrer opening
OA. When the opening lever 6 turns clockw se, the pin 6b actuates the

switch contact SHYtsdcsBistetdizitoditoOkotdteCthé ro@os tRakburtelrcel drkivige & he
exposure value. Figure 3 is a viewsimlar to Figure 2 but show ng 25
a second enbodi ntit shhttedr bhpleops whosenpdethi axk devimesh with) thergedri ¥i ng t he
shutter bl ades which does not require the opening lever 6 used in the first -
enbodi ment . Not erettages|¢llogkwise about the shaft 5a. At this time, the pin
6a is actuated by the wall defining the slot 5c to rotate ' g_)
the opening lever 6 also clockwise. As the pin 6a moves the
wall defining the slot 4c in the shutter blade 4, the shutter
10 blade 4 is rotated counter—-clockwise about the shaft 4a.
As the rotor R continues to rotate counter-clockwise, the
shutter opening is gradually opened by the edge portions 4b and
5b of the shutter blades 4 and 5 to control the exposure
accofding to the combination of the aperture and the exposure
15 time. When the desired value is’ reached, tﬁe known control
circuit delivers signals to the coils LA and.LB, for reversing
the rotor R. Then the rotor R is immediately reversed.
Subsequently, the gear 2 rotates the shutter blade 5
cbunter—clockwise about the shaft 5a and the blade 5 cooperates
éO with the blade 4 to close the shutter opening OA;
When the opening lever 6 turns clockwise, the pin 6b
actuates the switch contact SW to cause the contro} circuit
to start calculating the exposure value. |

Figure 3 is a view similar to Figure 2 but showing

25 a second embodiment” which employs a simplified device



conponents are indicated by like reference nunerals in both Figures 2 and
3. In Figure 3, a gear 7 which is in mesh with 5 the gear 2 is
rotatably nmounted on a shaft-7a firmy fixed in the shutter nount 3. The
gear 7 is also in nesh with teeth 4d forned on thé shutter blade 4. Wen
the rotor Rrotates counter-clockw se, the gear 2 rotates the shutter bl ade
5 viathe teeth 5d in the sane 10 way as in Figure 2. At the sane
time, the gear 7 is turned clockw se. Therefore, the shutter blade 4 whose
~teeth 4d are in nesh with the teeth of the gear 7 is rotated

counter-cl ockwi se. Thus the exposure of the shutter is controlled. 15

The™swi t ch cont act Syg%?gmnggt{%g%&élr g;ﬁ,/del%?w J;rac%it ﬁ‘ggﬁdintﬁg ﬁ'be?iugg%&ﬁt ed by

the shutter bl ades 4, or € gears fier not

| [lustrated but si mé;?ern§hg feb@fé‘.%ggé gnzgf?é"ﬁﬁé‘: Felm?ﬁiifm ae . Al ‘e’ir:gtﬁ‘l& ;l\illzegh

view simlar to Figure ut show n enbodi

enploys a larger geafompdné@isBre SHASLARG BY IDfxb r‘ge%g{'gdéeyn%\qg&{;%%k&gﬁﬁi i

This gives a |l arger degree of freedomto t'he arrangenent

and 7a. The gear 2a FigurBs P8hd .t 14 M8g0RA13,70. gl § whliENCIUTE ARG A @S I N
the same way as the structure shown 25 in Figure 3 and so the

operation iss not desete Resk i2nisleiodktadl§r Mbuhted onl@ sWkfthPa HIQMSy fixed
enbodi ments, the notor Mis a stepper notor.
in the shutter mount 3. The gear 7 is also in mesh with teeth
4d formed on the shutter blade 4.
| When the rotor R rotatés counter-clockwise, the gear 2
rotates the shutter blade 5 via the teeth 5d in the same
lb way as in Figure 2. At the same time, the gear 7 1s turned
clockwise. Therefore, the shutter blade 4 whose teeth 4d
are in mesh with tﬁe teeth of the gear 7 is rotated
counter-clockwise. Thus the exposure of the shutter is
controlled.
15 The switch contact SW shown in Figure 1 may be designed
to be actuated by the shu£tet blades 4, 5, or By the gears
WA 2, 7, or the 1like iﬁ'a manner not illustrated but similar
to the example shown'iﬁ Figure 2.
Figure 4 is a view similar to Figure 3 but showing a
.20 third embodiment Vhich employs a larger gear 2a formed
| substantially integrally'with the gea:lz. This gives a
larger degree of freedom to the arrangement of the shafts
1 and 7a. The gear 2a is in meshlwith the gear 7b. This
structure operates in the sgmé way as the structure shown

25 in Figure 3 and so the operation is not described in detail

herein.



However, an ultrasonic notor or other notor which can be rotated either
forwardly or reversely according 'to the control signal froman electronic
circtit may also be used. 5 As will be. appreciated, in the

enbodi nents descri bed above, each of the shutter blades 4, 5 is driven,
directly or indirectly, by the gear E and are driven at the positions which
are as renote as possible fromthe a ®s of rotation of the blades. The -
effects of the rattle produced by the clearances between engagi ng parts, 10
and the effects of the nonent of inertia, are therefore reduced, the.
responsi veness of the device is inproved, and the exposure can be
accurately controlled. Since the axes of rotation of the blades and the /ad

positions of the §Ragm 3h&vLRubRAREhES, ThelGRe8E i RS §@&5§£r dgesiure, 15
the lens systemcan be arranged in t he usual way. The shutter can be of

circular shapgodeerySéh ultraseofi®mdeHf B d@ﬁ’er\’\&nbfbxa-whféﬁ_cﬁﬂbﬁet ebeadaiach
varies the focal distance of the lens. In particular, if the shutter"

circular in sbpfier téazlly or £éwvedealeacheidiagntd el etrab saghby and fl xed |
portlons can be appropriately filled with parts which can be nachi ned nost
efficiently. fftom aa eleccrdrmic] yisduwlpenhyshlisd de useddasy to nmake and reduces
the cost of fabrication. In the above enbodi nents, the shutter bl ades al so
act 25 5 as a diAaphirldgbe apprediatedy cmt the emboddmentapiesccitisdeabavea devi ce
whi ch controls only the aperture. ‘I'n the enbodi ments descri bed above,
t he [)haseg re|g&qhoﬁ§rﬁq9 shutter blades 4, 5 is driven, directly or indirectly,
by the gear 2 and are driven at the positions which are as remote W)
as possible from the axes of rotation of the blades. The effects
of the rattle produced by the clearances between engaging parts,
10 and the effects of the moment of inertia, are therefore reduced,
the responsiveness of the device is improved, and the exposure
can be accurately controlled.
Siﬁce the axes of rotation.of the blades and the positions
of the gears are on qpposite sides of the shutter aperture,
15 the lens system can fe arranged in the usual way.
The shutter can Be of circular shapé for use in a camera
provided with a lens shutter which varies the focal distance
of the' lens. |
In particular, if the shutter is circular in shape, the
20 clearance between the lens assembly and fixed portions can be
appropriately filled with parts which cén be machined most
efficiéﬁtly. Also a circularly shaped shutter is easy to make
and reduces the cost of fabtic#tion.
In the above embodiments, the shutter biades also act

25 as a diaphragm but the invention is also applicable to a device-

which controls only the aperture.



between the notor and the blades may differ anmong different manufacturered
shutters because of the backl ash of the engaging gears I ncluded in the
t-ransm ssi on system which transnmts rotary 5 ~.motion.-fromthe
notor-driven gear to the bl ades, and because of the accumul ation of

cl earances between interfitting portions of the device. As a result, the
amount by which the two bl ades overlap prigf to actuation of the device may
not be maintained constant. Also, the dianmeter of the aperture may 10

not be kept constant while the shutter is being opened. |In particular
there may be serious problens when a bright subject is being photographed
and>f he aperture to be Imonhe @mbediinentsndelskriled Ebgyier, eshd phasdate@atSonship

t herefore shown a fourth enbodi nent 15 of the present invention.
Referring to Fi gur beGyeea themoter mndothedVbiades merififdr rambog diffetem:
stators 44, 45 having pol es 44a, 44b and 45a, 45b, respectively, opposite
to the magnetic pomarufgcturrredoshuttsrs hedauss lof thie hacklaghexf ahdi enpagims
the stators 44 and 45, 20 respectively. The rotor 41 is secured to a
shaft 42 so as to BeaFodachyed imdhe fransnigrdonpotxsten MiGhsteansmbgs gotary
per manent g;agnet whi ch |? m\rﬁﬁum‘ erentially polarized so as to have a
plurality magnePPEIGTof EXR HAP CPPERF OSSR Rf 3 r B4 cHLaSeRerandTReCaUSE| s 47

and 48 are connect gg tgh% g.cé(uan\iﬂt o%nto cle(azlrgtgcuelst bezéveen integpi(.)tting por)tions

of the device. As a result, the amount by which the two
— blades overlap prior to actuation of the device may not be
maintained constant. Also, the diameter of the aperture may
10 not be kept eonstant while the shutter is being opened. In
ﬁarticular there may be serious problems when a bright subject
is being photographed and the aperture to be controlled is
small,
In Figﬁres 5-7 there is therefore shown u fourth embodiment
15 of the present invention.
comprises a

1
rotor 41, two stators 44, 45 having poles 44a, 44b and 45a, 45b,

Referriﬁg to Figure 5, a stepper motor M

reepectiveiy, opposite_to the hagnetic poles of the rotor
4l1,and coils 47 and 48 eitending over the stators 44 and 45,

20 | respectively. The rotor 41 is secured to.a shaft 42 so as to be
rotatable therewith. The iotor 41 consists of a permanent |
magnet which is circumferenfially po;arized so as to have a
'plurality of magnetic poles which are spaced from eaeh other;
The coils 47 and.48 are connected eo a known control circuit

25 . (not shown).



The stators 44 and 45 are rigidly fixed to a base plate 10 of the notor
[err] by neans of nmounting shafts 11 and 12, respectively. The positions of
t he magnetic pol es 44a, 44b, 45a, 45b of the stators 44 and 45 which are

| ocat ed opposite 5 "to the nmagnetic poles of the rotor 41 are
restricted by pins 14-17 respectively. The base plate 10 of the notor [err]
Is of a circular shape. A circular sh;&ter apeture 20 is forned in the
centre of the base plate 10. The shaft©42 holding the rotor 41 extends

t hrough the base plate 10 to the rear side of the 10 plate. A gear
21 is secured to the front end of the shaft 42 so as to be rotatable '
therewith. Referring to Figure 6, a shutter nount 23 is spaced a given o
di stance fromthe Tharststofscd add tiSeatmaseghilat 144l @b 4 hasstp@pper notor
[err] Adriving |lever 24, shutter blades 26 and 27 are 15 di sposed
bet ween the hak® of| the mpgony bhevespantof28ountdngrstafgedlli andhis order from
the side of the base plate.10. Regions in which the blades 26 and 27 can
move are for netPsReetitelynemherpegitdons jof the mgepetdcepoldsohbaf 4bhe

bl ade- actuating device as viewed fromthe rear side of the base plate 10,
and in which tf2,265 of the,statoxs 4 ang AP whishgneodogatied) opppsdtett ed. The
shutte% bl ade 27 i_‘s*rotatably mounted on a fixed shaft 31 which is | ocated
subst afti al |y ‘ThtPRSPAEIEHLT PR1&T P4 bhe FRECL ) 8BS TSBETRGTEI Y PHBE t he gear

21 The Blade LS. cERa]sPo e ohed $180E 18, 88wk ips2aP g T
rotatably rmur@i%@ufgr %hape.l?’A' circular shutter apeture 20 is formed in \J
the centré of the base plate 10. The shaft 42 holding the rotor
41 extends through the base plate 10 to the rear.side.of the
10 platé. A gear 21 is securgd to the front end of the shaft 42
so as té be rotatable therewith. |
Referring to Figure 6, a shutter mount 23 is spaced a given
distance froﬁ the rear surface of the base plate 10 of the stepper
motor Ml‘ A driving lever 24, shutter blades 26 and 27 are
15 ' disposed between the base plate 10 and the mount 23 and arranged
in this order froﬁ.fhe side-of the.base plate 10. Regions in
which the blades 26 and 27 can move are formed around them.
Figure 6 is a front elevation of the Blade-actuating device as
viewéd from the féar side of the base plate 10, aﬂd in which the

20 base plate 10 of the motor M, is omitted.

1
- . The shutter Blade 27 is rotatably mounted on a fixed shaft

31 which 1is located substantially on the opposite side of the

shutter opening 20 from the gear 21. Tﬁe blade 27 has an edge

portion 27a and a grobve or slot 27b in which an operating pin

25 34 is fitted. The shutter blade 26 is also'rbtatably mounted on a



fixed shaft 32 that is located substantially on the opposite side of the
shutter aperture 20 fromthe gear 21. The blade 26" is -provided with an edge
portion 26a which cooperates with the edge portion 27a to form an aperture.
The bl adé 26 further 5 : i ncl udes an operating groove or slot 26b in
which the operating pin 34 is fitted. One end of the driving lever 24 is
rotatably nmounted on the fixed shaft 31. The lever 24 is simlar in shape
to the shutter blade 27. The other end of the |ever 24 has teeth 24a 10
which are always in mesh with the gear 21. A transmssion lever 30 is
mount ed between the driving | ever 24 and the shutter bl ade 26 in such a way

i . .
The operating pin SCHE EheEhgagtiet Aot iRedstt PabFre arbiC oacanip e
extends upri ght fro &pgj 1§he shutter ?gd& r % EE&P%W?S%%Q”AG‘&%V %Pade fﬁs

shown in Figure 7, an usting p I Nng neans has® a reduced
portion 35a i nconpl Qieﬂﬁévﬁéémgh%abé‘éé pbPELA BEL RREL Voo ?. Farlet V@{th3&e The

adjusting pin 35 further 1 ncludes an enlarged portion 35b In an

adj usting groove 24feiOpapelidnn2feodtbM B Hdrture. Thé BiREe 256 fbeher
operation of the fourth enbodi ment is-now described. The known contr ol

circuit (n@ shown) ifliRidesesn opefilingSirodv@nal s16f 26BOiPRASES theloperating
energizing the two coils 47 and 48 with two polarities. Then, the stators
44 and 45 are exciteith 2% is fittedo rotate the rotor 41 in a

counter-cl ockwi se direction. The 14 .
One end of the driving lever 24 is rotatably mounted

~ on the fixed shaft 31. The lever 24 is similar in shape to the
shutter blade 27. The other end of the ;ever 24 has téeth 24a
10 which are always in mesh with the gear 21. A transmission lever 30
is mounted between the dtiving lever 24 and the shutter blade
26 in such a way that its intermediate portion is rotatably
mounfed on the fixed shaft 31. The operating pin 34 which engages
in thé operating slots 26b and 27b extends upright from onme
15 end of the transmission lever 30. As shown in Figure 7, an
adjusting pin (adjusting means) 35 has a reduced portion 353'.
o incompletely crimped against the other end of the lever 30. The
adjusting pin 35 furthér includes an enlarged portion 35b
fitted in an adjusting groove 24b formed in the driving
20  lever 24, o
The operation of thefourthembodimeﬁt is now described.
The knowﬂ control circuit_(not shown)'operates to deliver
signals of two phases for energizing the two coils 47 and 48
with two polarities. Then, the étatérs 44 and 45 are excited

25 to rotate the rotor 41 in a counter-clockwise direction. The



gear 21 rotates the driving lever 24, by nmeshing with the teeth 24a

t hereof, about the fixed shaft 31 in a clockw se direction. At this tinme,
the wall defining the adjusting slot 24b drives the adjusting pin 35 to
rotate the transm ssion 5 . | ever 30 in the sanme direction.

Therefore, the wall defining the operating slot 26b in the shutter bl ade 26
Is driven by the operating pin 34 so tirat the -blade 26 turns in a counter-
cl ockwi se direction about the fixed shaft 32 to open the shutter aperture
20. Also, the wall defining the operating 10 slot 27b in the shutter
bl ade 27 is driven by the operating pin 34. The blade 27 is rotated in a =
cl ockwi se directgemr 2bowtatém the xbdvinmfleven 24 bpameshing whth ttde apert ur et
20. As the rotor 44 continues to rotate in the sane direction in this way,
the edge porti ontee2BaZémahoreefof ahows tha fdsed phaft 31 iniq gleckwigeand 27
gradual l'y open the shutter opening 20. Thus the_exposure is controlled
according to thedicerbiomt | % st Haeapthe yakl &f?&%t?%édéﬁﬁﬁ'&r e tine.

When the desired value is reac ontrol ci (r)t&‘git del i ve

ed,  the kno S
signals to the tH@tcot §r3‘7e5ar?_ge4%‘l,j“f55*ngr,_8¥€r i By T8 J6r trppsmbgSLon
N R R TR eI
SL, T, LU A baldcioh AT 36 4 W RABLIN s 2higceg 21 of
pin 35, the trangy §5laR1h§Rh 30 sof BRaORRE H1aRE M Rudfs 18N8 counder-

clockwise direction about the fixed shaft 32 to open the o’
shutter aperture 20. Also, the wall defining the operating

10 | slot 27b in the shutter blade 27 is driven by the operating_
pin 34. The blade 27 is rotated in a clockwise direction
about the fixed shaft 31 to open the shutter aperture 20.

As the rotor 44 continues to rotate in the same direction
in this waj, the edge portions 26a and 27a of the shutter

15 . blades 26 and 27 gradually open the shutter opeﬁing 20.

. Thus the exposure is controlled aqcording to the combination .
of the aperture size and the exposure time. When the desired
value is reacﬁed, the known control circuit delivers signals
to the two coils 47 and 48, for reversing the rotor 4l.

20 Thus, the rotor 41 is momentarily reversed to cause the gear
21 to rotate the driving lever 24 in a counter-clockwise
direction about the fixed shaft 31{ This rotary motion is
transmitted to the.edge portions 26a and 27a of the shutter

blades 26 and 27 via the adjusting slot 24b, the adjusting

25 pin 35, the transmission lever 30, the operating pin 34, agd



the operating slots 26b, 27b to close the shutter aperture 20. Since the
reduced portion 35a and the enlarged portion 35b of the adjusting pin 35
are eccentric, it is possible to change 5 t.he phase rel ation.

bet ween the stepper notor [err] and the shutter blades 26, 27 by inserting
a screwdriver or the like into a groove forned in the enlarged portion 35b
and rotating it. Consequently, the anount jlgy which the two shutter bl ades
26 and 27 overlap prior to the actuation can be changed. Al so, 10

the dianeter of the aperture can be varied while the shutter is being
opened. Hence, the anopunt of the overlap and the dianeter of the aperture
can~be easily mai nt ahnedpexransigmslots 26he Pibase aqlekatthensivsites eperiivremt or
and the bl ades differ anong shutters because of the backlash of the
engagi ng gears incl ®ed in the 15 transm ssi on system whi ch
transmts rotary notion fromthe gear 21 to the shutter blades_ 26, 27 %ng
because of the accunul at$imseothec redycedcRoTHign e apd the ctrlaneed morEion 358
portions. The drivin% | ever. 24, and the shutter bl ades 56 and %F overl a
each other such thatoft Kas @AIRSEingaRiTH IS aF% e5FenrAS: dity I9Possible tp change
and so when_the shutter aperture.,20.is clos

d, th i cal h h
V\ﬂi chfl i ght Swoul d nddg PRase 5ekatipe bﬁéﬁ?%t‘?‘ﬁa%{”sﬁg%%ir‘rg’ftﬁr 1;%%“ Fr%%t esl?“'&ﬁﬁé?g
T . light | fiectiyel bfa th
el i nat i ons of ¢ he KIAREE (13- 8027 bFerris o BEfRRLIe oo ARCIEE dpcb'a 1€
reversed, 25 | SB8vE R % W GRiRRasPiltdibh PhAdRF r3Catiit 27

overlap during
~/ _ Consequently, the amount by which the two shutter blades 26

and 27 overlap prior.to the actuation can be changed. Also,

10 the diameter of the aperture can be varied while the shutter ig
being opened. Hence, the amount of the overlap and the diameter
of the aperture can be easily maintained constant if the phase
relation between the motor and the blades differ among shutters
because of the backlash of the engaging gears included in the

15 transmission system which transmits rotary motion from the gear
21 to the shutter blades 26, 27 and becaﬁse of the accumulation
of clearance produced between interfitting portioms.

The driving lever 24, and the shutter blades 26 and 27 overlap
each other such that their inclinations are alternately

20 reversed and so when the shutter aperture 20 is closed, the
geometrical path through which light would need to travel is
bent at many locations and made long. Therefore, light leakage
can be.effectifely prevented. Conversely, if the inclinations
of the driving lever 24 and the blades are alternately reversed,

25 ' the amount by which the shutter blades 26 and 27 overlap during



t he cl osure can be reduced. The bl ades 26 and 27 can be reduced in size
accordingly. This saves the space occupied by them The result is that the
surroundlng conponents can be arranged with an increased degree of freedom
5 In the enbodi nent of Figures 5-7, the shutter blades 26 and 27
are so di sposed that they adjoin each other in the direction and thickness
of the bl ades. However, the driving | g¢er 24 can be nounted between the :
bl ades 26 and 27. In this case, the driving | ever 24 certainly prevents the
front end portions 26¢c and 27c of 10 t he bl ades fromcomng into
contact with each other and getting entangl ed when the bl ades 26 and 27 are.
returning to their original positions after they have been opened fully.’
Therefore, the length of the front end portions 26¢c and 27c can be
shortened, thushesalosuyesparde teduaddi tThenbldadee 2éhendi2v¥ eanthee bl ades is
reduced. 15 Hence, the responsiveness of the blades can be inproved.

Al so in the fowdubedninodizentcondiaginuiThes davesicheaspacel socupded Wi aphr agm
al t hough the invention can al so be applied to bl ades which function only as
a di aphr agm orthem.a Bleuresult ig thas theosuvrrpuading saupenents a®bbeli nent, the
not or 20 s a stepper notor but other notors such as an ultrasonic
notor may be eanyRBged vBrb\Anddacxesseddesyee af PreedSRtrol | ed at wi II u5| ng a
control circuit. In the fourth enbodi nent, the nDu t b |ch

bl ades 2B, 27 over FaFheaenbodiment of; Bieurss i3ids o 458 ana"”
device, and thg di anet qf o seh"thAPEhly a8 SHI el ocﬁe9p1%r %‘ﬁé Oﬂrecu%%
and thickness of the blades. However, the driving lever 24 can Q‘)
be mounted between the blades 26 and 27. In this case, the driving
lever 24 certainly ﬁrevents ﬁhe front end portions 26¢c and 27c¢ of
10 the blades from coming into contact with each other and getting
entangled when the blades 26 and 27 are returning to their original
positions after they have been opened fully. Thérefore, the lengthl
of the front end portions 26c and 27c can be shortened, thus
saving space. In gddition, the inertia of the blades is reduced.
15 Hence, the responsiveness of the blades can be improved.
Also in the fourth embodiment, tﬁe shutter blades act also \;)
as a d;aphragm, although the invention can also be applied to
blades which function only as a.diaphfagm or as a shutter.
In the above described fourth embodiment, the motor
20 is a stepper motor but other motors such as an ultrasonic motor
may be employed provided that they can be controlled at will -
using a control circuit. |
In the fourth embodiment, the amount by which the two
blades 26, 27 overlap each other prior to the acﬁuation of the

25 device, and the diameter of the aperture during the 6peration



to open the shutter can be easily adjusted so as to be maintai ned constant
if the phase relationship between the notor and the bl ades varies anong
shutters because of the backlash of the gears whi ch. engage each ot her or
because 5 of the accunul ation of the clearances between inter
fitting portions. In the enbodi nents descri bed above, a switch is actuated
to cause a control circuit to start a counting operation so as to cal cul ate
the exposure. This sw tch nechanically makés 10 and breaks a
circuit. Therefore, dust or the Iike may i nduce inperfect contact,

hi ndering the control operation.. Also, a nmechanical |oad nmay inpede the
operation of the blades. A fifth enbodinent of the invention is hereinafter

described with reference to Figures 8 and 9 aqf the draw ngs. 15 In
this enbodinment, a {?Dtc'gfnitg'ee?rpl{()tﬁédca\ﬂnirgghe%s%fl?hae Jeafad 58 $54P 99 1 ust rat ed

in Figure 5 and Mi&%ntcg{nsehihLéth%ﬂ%Oﬁ ‘@Tégpr&% Peﬁagg&gsrhgpeﬁ: gE:‘i NSl

Referring to Figure 8, utter nount I'S space ven di stance from

the rear surface ofydde DafenPlpila@edGaries amohf Unutb¥be&fuseNss HhePPEr

notor (not shown). Shutter blades 126 and 127 are di sposed between the said

base plate and the siutihgs oFOHRY gbd3s WRLEH Ungakd etbh ftnkheobbaggsecan move
are fornmed around them Figure 8 1s a front el evation of the

bl ade- act uati ng devefc @hdSactufibstibhOdl tthe ¢RAkadedebétivebheintarfiting
base plate and in which the said base plate of the notor is omtted.
portions.

U In the embodiments described above, a switch is actuated
to cause a control circuit to start a counting operation so
as to calculate the exposure. This switch mechanically make;

10 _ and breaks a circuit. Therefore, dust or the like may induce
imperfect contact, hindering the control operation. Also, a
mechanical load may impede the operation of the blades.

A fifth embodiment of the invention is hereinafter
described with reference to Figures 8 and 9 of the drawings.

15 In this embodiﬁent, a motor is employed which is the same as.
that illustrated in Figure 5 and which for this reason will
not be described further.

Referring to Figure 8, a shutter mount 123 is spaced
a given distance from the rear surface of the base plate

20 (not shown) of the stepper motor (not shown). Shutter blades
126 and 127 are disposed between the said base piate and the
shutter mount 123. Regions in which the blades can move are
fofmed around them. Figure 8 is a front elevation of the
blade-actuating.device as.viewed frqm the rear side of the said

25 base plate #nd in which the said base plate of the motor is

omitted.



18 A fixed shaft 131 is located substantially on the opposite side of the
shutter aperture 120 fromthe gear 121. One end.of the shutter blade 126 is
secured to the shaft 121 in such a way that the blade 126 can rotate either
cl ockwi se 5 or counter-clockw se. Teeth 126c fornmed at the other
end are always in nesh with the gear 121. The shutter blade 127 is directed
oppositely to the blade 126.  One end ofi8t he bl ade 127 is secured to a fixed
shaft 132 that is also | ocated substantially on the opposite side of the
shutter aperture 10 120 fromthe gear 121. The bl ade 127 can rotate
about the shaft 132 in either angular direction. The other end of the bl ade
127 has no teeth, unlike the blade 126. The bl ades 126 and 127 have edge ‘™

portions 126a and 127gI respectively, which form an aperture. The bl ades
126 and 127 are fur th&*$% 85?%‘9_&325 s located pyPssAREialiNgeYt86ves or slots
end of = drivi ngPraEr s pE B shiihel wpRRren 130 fovB ¥ satna 131 An
ti in 134 ext ' f t h f the,lever.130, d
Tt tted n"t naveShncRE ypeDphteh: il 10 ShRCRERY 59 che\anall Fan: U0k T
shown in Fi gur es 9. anPh k- eRUPLEE ¥138LT P! cSETIR0LYe Lifnds dbomased near
the shutfter blade 126 to 8 %

the teeth 126¢ o a etect the novenent of the bl ade

126, utislizing specoqawé-}chs@kmét. thechepldl ﬂ&%doxlé&huc¢]§ch3& PRES 25

light. The output signal fromthe photo-cOupler -139 is fe

are always in mesh with the gear 121, The shutter blade 127
is directed oppositely to the blade 126. One end of the blade o
127 is secured to a fixed shaft 132 that is also located
substantially on the opposite side of the shutter aperture
10 120 from the gear 121. The blade 127 can rotate about the
shaft 132 in either angular direction. The other end of the
blade 127 has no teeth, unlike the blade 126. The blades 126.
and 127 have edge portions 126a and 127a, respectively, which
form an aperture. The blades 126 and 127 are further providgd
15 with operating grooves or slots 126b and 127b, respectively,
in whicﬁ an operating pin 134 is fitted. _
One end of a driving lever 130 is rotatably mounted on the -~
fixed shaft 131. An operating pin 134 extends upright from the
othé: end of the lever 130, and is fitted in the operating
20 slots 126b and 127b. )
| As schematically shown in Figure 9, a photo-coupler
(optical sensor) 139 is disposed near the teeth 126c of
the shutter blade 126 to detect the movement of the blade 126,

utilizing the condition that the teeth 126¢c obstruct or'pass

25 light. The output éignal from the photo~coupler 139 is fed



19 to a known control circuit (not shown). The operation of the fifth
enbodi ment is now described. The known contro6l ciTcuit (not shown) operates
to deliver signals of two phases for energizing the two coils (not shown)
of the 5 motor (not shown) with two polarities. Then, the stators
(not shown) of the notor are excited to rotate the rotor (not shown) of the
notor in a counter-clockw se direction. The gear 121 rotates the shutter

bl ade 126 whose teeth 126¢c are in nesh with the gear 121 about the fixed
shaft 131 in a 10 cl ockwi se direction. At this tinme, the wall
defining the operating slot 126b drives the operating pin 134 to rotate the
driving lever 130 in the sane direction. Then, the blade 127 is driven by
the pin 134 which its 4 iknbesl donttde c3kOiitl ddx sBBEh).S rotated about the
fixed shaft 132 in a counter-clockw se 15 direction.  As a result, the
edge portions 126a andhié2dmeratidhefsthd feftibleabekink’a6 iandod Aésgrivddal |y
open the shutter aperture 120. Wien the gear 121 begins to rotate the
shutter bl ade 126, Théicknowrtdont26L cilceit dnet ishowek bperdtest be dgddverl 2lgmals

noved 20 to the right as viewed in Figure 8. The photo-coupler 139
detects the begi nnPfAgtwer Phasesnten epprgirdnb| tike te@@olls i (nogj shpwnheofctheli tion
I n which the teeth 126¢ obstruct or pass light. The output signal fromthe

phot o- coupl ér 139 |§°‘f°é'd ({“bt Ehevmo HiLEy | tWej PRl tigghc Therst Abe $tAEAFScount i ng

~operation upon the 2 @Ilcatlon of the input signal. This instant of
time is (not shown) of the motor are excited to rotate the rotor

. (not shown) of the motor in a counter-clockwise direction. The
~ gear 121 rotates the shutter blade 126 whose teeth 126¢c are
in mesh with the gear 121 about the fixed shaft 131 in a
10 clockwise di;ection. At this time, the wall defining the
operating slot 126b drives the operating pin 134 to rotate
the driving lever 130 in the same direction. Then, the blade
127 is driven by the pin 134 which is fitted in the slot 127b,
and is rotated about the fixed shaft 132 in a countér-clockwise
15 direction. As a result, the edge portions 126a and 127a
of the shutter blades 126 and 127 gradually open thg shutter
— _ - aperture 120. _
When the gear 121 begins to rotate thé shutter_bléde 126,
tﬁe teeth 126c which are in mesh with the gear 121 are moved
20 to the right as viewed in Figure 8. The photo-coupler 139
| detects the begiﬁning of movement of the blade 126, utilizing
the condition in which the teeth 126¢ obstruct or pass light.
' The output signal from the photo-coupler 139 is fed to the |
control ciicuit, ﬁhélh starts its counting operation upon the

25 application of the input signal. This instant of time is



20 regarded as the point at which the blade 126 starts to be driven. The
aperture and the exposure tinme are calcul ated fromthe brightness of the
subj ect . A decision is made based 5 on the nunber of bl ockages
of light and on the nunber of passages of 1ight detected by the

phot o- coupl er 139, to see whether the blade 126 rotates to nmake the
aperture correspond with the calculated values. If the desired value is
reached, the shutter is opened for ewl%&posure time corresponding 10 _

to the cal cul ated values. Then, the two coils are energized to reverse the
rotor. The rotor is nonentarily reversed to cause the gear 121 to rotate =

the bl ade 126 aboyf,d f caunt.er 0 |rect|on ol
The bl ade 126 coope %a{&gg Avﬁ('?ﬂ f%q;%l%%éh chgo% agseelféég f%r aperture
15 120. Thejwuatput signal fromthe photo-coupler 139 is applied to

a certain display device to .permt one to easily see whether the bl ades 126

and 127 are present!y tapespirtate Qhdo¢te 8kpdsdthteim0 lcul n the
fifth enmbodi nent, the shutg?er bl ades al sop act as a ?ﬁ%gﬁr%ug%te hfmln

enbodi nent can al epe heighplesetof havestdiect O bhaflRIsH q8 ddwachaguy only as a
di aphragmor only as a shutter. Also in the fifth enbodinent, the notor is
a steppex 25 on thepbwibelousdf WiohkdgexDbH 1A ghtiCdhdasn theUhddbagOsf C NDt Oor may
be passages of light detected by the ﬁhoto-coupler 139, to see
whether the.blade 126 rotates to make the aperture correspond
_ with the calculated values. If the desired value is reached, \_)
the shutter is opened for an exposure time corresponding
10 to the calculatgd vélues. Then, the two coils are energized
to reverse the rotor. The rotor is momentarily reversed to
cause the gear 121 to rotate the blade 126 about fhe fixed
shaft 131 in a counter-clockwise direction. The blade 126
cooperates with the blade 127 to close the shutter aperture
15 120. |
The output signal ffom the photo-couplér 139 is applied
to a certain display device to permit'one to easily see \;)
whether the blades 126 and 127 are presently operating or
are at fault.
20 In thg fifth embodiment, the shutter blades also act
aé a diaphrégm. The embodiment can also be applied; howéver,
to blades which function only as a diaphragm or only as a
shutter.

Also in the fifth embodiment, the motor is a stepper

25 motor but other motors such as an ultrasonic motor may be



21 enpl oyed provided that the rotation of such notor can be controlled at

wll using a control circuit. In the fifth enbodi nent, the teeth 126¢c
formed to transmt power are detected and so the construction is 5-
sinmple. : The device does not suffer frominperfect contact which can be

caused by dust or the like. Therefore, the control operation is not

hi ndered. Further, the shutter bl ades can be snoothly operated with high
responsi veness, since no nechanical |oad2ts applied. 10 In
the case of the switch SWof Figure 1, the switch is actuated by the use of
a_nunber of separate nenbers and, as a result, the-backlash of the engaging
gea's of the transm ssion systemand the accunul ati on of cl earances
produced between inter fitting portions can cause nechani cal 15

error. Therefore, the tiq%ng o{ thehqﬁegation ff tge sgitch is liable to
get out of order. HeTRPATHLPEO%IIeSER3ERYJOLARTIN PE F4ER: ™RU0E €Fht r ol
circuit does not approprLi cqQnt the bl ades. A six enbodi nent of
the invention is hefbeel %g eo(rilléf) at w£ﬂ us sacf?%terglvffﬁ?u?gf erence to Figure

10 of the drawings. In tmq:hgnpm&,ng&gddéaemﬁégﬁ? IS e BRI eEb Ml Cly 1S the

sane as that illustrated In Figure 5 an or - this reason wll not be

- described further. RefaqthiQolbr Br@UddtelPed anBULd @he UM r&ZIohSisSPaced 25
a given distance fromthe rear surface of the base plate

5 simple. The device does not suffer from imperfect
contact which can be caused by dust or the like. Therefore,
the control operation is not hindered. Further, the shutter
blades can be smoothly operated with high responsiveness,
since no mechanical load is applied.
10 In the case of the switch SW of Figure 1, the switch
is actuated by the use of a number of separate members and,
as a result, the backlash of the engaging gears of the
transmission system and the accumulation of clearances
produced between inter fitting portions can cause mechanical
15 error. Therefore, the timing of the oéeration of the swigch
o/ is liable to get out of order. Hence,there arises the
possibility that the control circuit does not appropriately
control the blades.l
A sixth embodiment of the iﬁvention is hereinafter
20 . described with reference to Figure 10 of the drawings. In
this émbodiment, a mo;of is employed which ié the same as
that illustrated in Figure 5 and.which for this reason
.will not be described further. .
Referring to Figure 10 a shutter mount 223 is spaced

25 : a given distance from the rear surface of the base plate



22 (not- shown)

are di sposed between the said base plate and the shutter

of the stepper notor (not shown). Shutter blades 226 and 227

i n which the blades can nove are fornmed around them Figure 10 is a front

el evation of th
side of the sai

secured to the

e 5 bl ade- actuating device as viewed fromthe

rear

nmount 223. Regi ons

d base plate, and in which the said base plate is omtted. A
fixed.skaft 231 is | ocated substant|633y on the opposite side of the
shutter aperture 220 fromthe gear 221. One end of the shutter blade 226 is

shaft 10 231 in such a way that the bl ade 226

rotate in either angular direction. Teeth 226¢c formed at the other
always in nesh with the gear 221. The shutter bl ade (second bl ade)

(5oL e 51" o Ga0er BT Lol D BT e o

di rect ed opposi

- to a second fix

opposi te side ofyafhg¢Shyj thle &‘%o%h!&%e%%@eﬁ rc‘i’@ iYQ B84 pidde 2

can rotate abou

OoCca stanti

t the shaft 232 i'n elther angular direction. Ee oth

can
end are-
227 i ™.

on the

er end

Qe bl ade 227

of the bl ade 22%nbaghdrest hmodr? 223, kexé 8ns higt %Eiclbkﬁd%l%@@s cahNfotl ades 226

ge portions 226a and 227a, respectively, which form
an aperture. Anardl forgeararddadd eheal tmra innged ftoatailevasiod af ltheger

and 227 have ed

nunber of teeth than the gear

221 is disposed near the teeth 227c of the

shutter l ade 23Taderdhcthstipgaded2e. advdewed Erogpathe?4@ar side ofeshe waid t he
gear 221 and the teeth 25 -+ 227c. A switch 244 for detecting t
operation of théase plate, and in which the said base plate is omitted.

10

15

20

25

A fixed shaft 231 is located substantially on the
ppposite side of.the shutter apertufe 220 from the gear 221.
One end of the shutter blade 226 is secured to the shaft
231 in éuch a way tﬁat the blade 226 can rotaﬁe in either
angular direction. Teeth 226¢ formed at ﬁhe'pther end are
always in mesh_with the gear 221..The shutter Blade {second
bléde) 227 is directed oppositely to the blade 226. One end

of the blade 227 is secured to a second fixed shaft 232 that

he

>

is located substantialiy on the opposite side of the shutter

#perture 220 from the gear 221. The bladé 227 can rotate
about the shaft 232 in either angular direction. The other'
end of the blade 227 has teeth 227c like the shutter blade
226. The blades 226 and 227 havé edge portions 226a and
227a, respectively, which form.an aperture,

| ‘An idle gear 242 which has a 1arger diameter and a
larger number of teeth than the gear 221 is disposed near

the teeth 227c of the shutter blade 227 and the gear 221. The
idle gear 242 is in mesh with the éear 221 and the teeth

227c. A switch 244 for detecting the operation of the



23 bl ades 226 and 227, utilizing the rotation of the idle gear 242, is

di sposed near the idle gear 242. The switch 244 includes a sw tch contact
247 wound, around the fixed shaft 233. The contact 247 has elasticity and
conducts electricity. One 5 .end of the switch contact 247 is in
contact with a contact pin 249. The other end of the switch contact 247 can
make resilient contact wwth a driving pin,251 extending upright fromthe
idle gear 242 and also with a contact pin 253 extending upright fromthe
shutter mount 223. 10 . Wien the shutter blade 227 is in its fully
cl osed position, the driving pin 251 on the idle gear 242 noves the switch

contact 247 avay frafutbe £ENLAFYIP] 28 indhe tBealadss 222 iM rotated to

open the shutter, the pin 251 is rotated in a counter-clockw se girection

to bring the switch gaptspt, 19 aispose%flze'wt:qecmreagéamm tihe RhHRcBORws The
I dl e gear 242 has nore teeth than the teeth 227c of the blade 227. For this

reason, the idle geamc2ddes @t shitecht durrdeh 27 wd@ideatamd thadiked sharhenst he
bl ade 227 is rotated to its fully open position. The operation of the sixth
enbodi ment i s now daher tdradet 2747 has ellketicioywnamiondudictsigleattiditgt Glzown)
operates to deliver signals of two phases for energizing the two coils (not
shown) of thes not or emdoéf shewswitwht dpritact (R47ais tinegontiherwithea stoataets ( not
shown) of the notor are excited to rotate the rotor of -the notor in a

cl ockwi se direction.pifh24f. The arbar exdioDFhe switchieansact [%47séan meke bl ade

226 in mesh with the teeth 226¢c about
resilient contact with a driving pin 251 extending upright

— from the idle gear 242 and also with a contact pin 253
extending upright from the shutter mount 223.

10 When the shutter blade 227 is in its fully closed position,
the driving pin 251 on the idle gear 242 moves the switch
contact 247 away from the contact pin 253. When the blade
227 is.rotated to open the shutter, the pin 251 is rotated
in a counter-clockwise direction to bring the switch contact

15 | 247 into contact with the pin 253. The idle gear 242 has
more teeth than the teeth 227c of the blade 227. .For this

o reason, the idle gear 242 rotates fhrough an angle less than
360° when the blade 227 is rotated to its fully open position.
The operation of the sixth embodiment is now described.
20 The known control circuit (not shown) operates to deliver
signals of two phases for energizing the two coils (not shown)
.of.the motor (not shown) with two polarities. Then the
stators_(not shown) of the motor are excited ﬁo rotate the
rotor of the motor in a clockwiée direction. Then, the gear 221

25 rotates the shutter blade 226 in mesh with the teeth 226¢c about



24 the fixed shaft 231 in a counter-clockwi se direction. At this time, the
gear 221 drives the idle gear 242 in a counter-clockwi se direction. The
idle gear 242 rotates the blade 227 whose teeth 227c are in mesh with 5

the gear 242 in a clockw se direction. Thus, the edge portions 226a and
227a of the blades 226 and 227 gradually open the shutter aperture 220.
When the gear 221 begins to rotate th&d(ﬂé&gear 242, the driving pin 251
turns in a counter-clockw se directiorf10 . to bring the switch
contact 247 into contact with the contact pin 253. This actuates the switch
244, which then delivers a signal to the control circuit (not shown). Thisa
signal is used as a reference for determning the starting point or for a‘™t

counting operati onepSigigea tdast B33 G8Y cothierOl AfckS1 N (i fechdn,
[err] it is unlikely that the driving pin 251 nakes one revol ution and

agai n makes contache Whith ¢#iR,Sthd ghaf PN agéived 7shel2aBdigRgr LAy contact 247.
After the shutter aperture 220 has been opened, the exposure is controlled

according to the conly satintet-elockdise directiont FheapelId \geer agad t he exposure
time, using the aforenentioned signal as a reference. Wen the desired

val ue is reached, tdmtiesouhe dbade @R7 odhoseli teeth a2kl 85e dngmedhswith t he sai d
two coils to reverse the rotor. The rotor is then nonentarily reversed. The
gear 2215 rotates tthe ghart22 bh @detockddsandfreefiops Thus, the edgeut the fixed

shafts 231 and 232, respectively, to close
portions 226a and 227a of the blades 226 and 227 gradually

open the shgtter apérture 2?0. | \;)
When the_gear 221 begins to rotate the idle gear 242,
the ‘driving pin 251 turns in a counter-clockwise direction
10 to briﬁg the switch éontact 247 into contact with the contact
pin 253. This actuates the sﬁitch 244,.which then delivers a
signal to the control circuit (not shown). This signal is
used as a reference for determining the starting point or for
a counting operation. Since the idle gear 242 rotates within
15 360°, it is unlikely that the driving pin 251 makes one
revolution and again makes contaét with the switch contact
247, damaging the contact 247.
After the shutter aperturé 220 has been opened, the
exposure is controlled according to the combination of
20 the aperture and the exposure time, using the aforementioned
signal as a reference. When the desired value is reached,
the known control circuit transmits signals to the said two
coils to reverse the rotor. The rotor is then momentarily
reversed. The gear 221 rotates the shutter blades 226 and 227

25 about the fixed shafts 231 and 232, respectively, to close



25 the shutter aperture 220. At this tiné, the idle gear 242 returns to the

Il lustrated original

position. The driving pin 251" noves the sw tch contact

247 away fromthe contact pin 253 de-actuate the switch 244. 5

In this way, the switch 244 can be actuated fromthe idle gear 221 via only
one nenber, i.e. the idle gear 242. The resulting mechanical error can be
reduced as conpared with the error which woul d ot herwi se be produced. The
bl ades can be adequately controll-ed at np2é precise timng. 10

In the sixth enbodi nent, the shutter blades also act as a di aphragm The
si xt h enbodi nent, however, can also be applied to blades which function
onl y<as a di aphragmor only, as a shutter. Also in the sixth enbodi nent,
the motor is a steppré shutter apePBUr@r 220Ut ADLINRE $HHeQ' She THEL g8 r HN2
ultrasonic notor, may be enployed provided that their rotation can be
controlled at will uwetuithsate el O11usicestedt ordginhhosii¥idh.crhO drikivg pihe
transm ssion systemconsists of a snmaller nunber of conponents, thus
reduci ng nechani cal 220 moves ther seitchVbomtacer247t aeays frdm thieScantlauatwich 253

nore precise timng,

t hereby appropriately controlling the operation of the

bl ades. A seventh edbodituerd tbe swigchn2dntion is hereinafter described with
reference to Figure 11 of the drawings. In this 25 enbodi nent, a
notor is en‘ﬁ oyed whi ch thth*%.wgﬂnﬁhasswﬁab 244 can be actuated from the

idle gear 221 via only one member, i.e. the idle gear 242.

The resulting mechanical error can be reduced as compared

with the error which would otherwise be produced. The blades

can be adequately controlled at more precise timing.

10

In the sixth embodiment, the shutter blades also act

as a diaphragm., The sixth embodiment, however, can also be

applied to blades which function only as a diaphragm or only

as a shutter.

Also in the sixth embodiment, the motor is a stepper

15 motor, but other motors, such as an ultrasonic motor, may be

employed provided that their rotation can be controlled at will

using a control circuit.

In the sixth embodiment, the transmission system consists

of a smaller number of components, thus reducing mechanical

20 error. Moreover, the switch is actuated at more precise

timing, thereby appropriately controlling the operation of the

blades.

A sevénth_embodiment of the ianntion is hereinafter

described with reference to‘Figufe 11 of the drawings. In this

25 | embodiment, a motof is employed which is the same as that



26 illustrated in Figure 5 and which for this reason wll not be. described
further. Referring to Figure 11,” a shutter nount 323 is spaced a given
di stangfe fromthe rear surface of the base plate 5 (not shown)
of the stepper nmotor (not shown). Shutter blades 326 and 327 are di sposed
bet ween the said base plate and the nount 323. Regions in which the bl ades
can nove are fornmed around them Figure 11 is a front elevation of the '
bl ade- attuating device as viewed fromthe rear side 10 ' of the
said base plate, and in which the said base plate is omtted. A first fixed
shaft 331 is |ocated substantially on the opposite side of the shutter #%y
aperture 320 fromthe gear 321. One end of a first shutter blade 326 is IS
secured to the shaf dl1iupstrageddo Flgnrer orandamipieh fonithhg reggguddldi rect i on.
Quter teeth 326c which are always in sh with the gear 321 are forned at .
the other end of thé‘°5|b<fdge W%ei é&&g% shutter blade 327 is directed
oppositely to the blade 326. ., On d of .the blade 327 is
nounted on a second fi x@&ggﬁ%ﬁﬁg §%§11§5r%1§t1f o B eta it e 3?2 8 FR&F*%ngul ar
direction. The shaft 203 I t t | al he Q site side
it fshle 60 Bt 3407 RIA LY G hoS: RS

of the shutter openin rom t he gear nner nrch are
CoE oSS ! Do SBgE LR 300RE i st
blades 326 and 327 are disposed between the said base
plate and the mount 323. Regions in which the blades can
move are formed around thém. Figure 11 is a front elevation
of the blade-actuating device as viewed from the rear side
10 of the said base plate, and in which the said base plate
is omitted.
A first fixed shaft 331 is located suﬁstantially
on the opposite side of the shutter aperture 320 from
the gear 321. One end of a first shutter blade 326 is
15 . secured to the shaft 331 so as to be rotatable in either
angular direction. Oﬁter teeth 326c which are always in .
mesh with the gear 321 are formed at the_qther end of the W/
blade 326. A second shutter blade 327 is directed
oppositely to thé blade 326. One end of the blade 327 is
20 mounted on a second fixed shaft 332 so as to be rotatable
in either angular direction. The shaft 332 is also located
substantially on the opposite side of the shutter opening
320 from the gear 321. Inner teeth 327c which are kept
in mesh with the gear 321 are formed at the other end of

25 the blade 327. The blades 326 and 327 are provided with



27 edge portions 326a and 327a, respectively, which forman aperture. Since
the outer teeth 326¢c of the blade 326 nmesh with the gear 321 while rotating
about the fixed shaft 331, 5 the centre of the pitch circle of
the outet teeth 326¢c lies at ‘the centre of the shaft 331. The radius of the
pitch circle is the distance [err] between the pitch circle and the centre
of the shaft 331. The inner teeth 327c of the blade 327 also nmesh with the
gear 321 while rotating with the 10 27  fixed shaft 332 and, therefore,
the centre of the pitch circle of the inner teeth 327c is situated at the
centre of the shaft 332. The radius of this pitch circle is the distance
[eﬁﬁ] between the pitch circle and the centre of the shaft 332. The
distance [err] is seédgqydttionst Iubadind 3208, [rebpdctibely, which form The
operation of the seventh enbodi neni” i s now descri bed. The known control
circuit (not shown) apeapateseto deliver signals of two phases for

energi zing the two coils (not shown) of the notor with two polarities.
Thent he stators (not sho®imceothe mtppttethriRégxed tthe bladeod2h mesthavitbt or of
t he notor 20 in a clockwi se direction. The gear 321 rotates the
shutter blade 326 i nthregRanii2h viidet vetaring@boubdie firedi phafd 3bbit 331 in
a clockw se direction. At the sane tine, the gear 321 rotates the shutter

bl ade 327 whose i nnekha Sep¥re3of the Ei'f‘-ﬂ‘ Fr%%‘H‘e\/\Pf rfhﬁh%“f(jéaFe%i‘li"%@ lies

about the shaft 332 in count er - cl i.rection
at the centre of the sha%t ﬁ% he ra&ius o é%e pitch

circle is the distance L between the pitch circle and the

W 1
centre of the shaft 331. The inner teeth 327c of the blade
327 also mesh with the gear'321-while rotating with the |
10 fixed_shaft 332 and, therefore, the centre of the pitch
circle of the inner teeth 3273,1; situated at the centre of the
shaft 332. The radius of this pitch circle is the distance

2
332.5 The distance L

L, between ;he pitch circle and the centre of the shaft

1 is set equal to the dietance L2.

15 ' The.operation of the seventh embodiment is now described.
The knoﬁn_conﬁrol circuit (not shown) operates to deliver
signals of two phases for energizing tﬁe two coils (not shown)
of the metor with two polarities. Then,the stators (nmot shown)
of the motor are excited to rotate the rotor of the motor

'20 ' in a clockwise direction. The gear 321 rotates the shutter
blade 326 in mesh with the teeth 326¢c about the fixed shaft
331 in a clockwise direction.

At the same time, the_gear 321 rotates the shutter blade

327 whose inmer teeth 327¢ are in mesh with the gear 321

25 about the shaft 332 in a counter-clockwise direction, so that



28 the edge portions 326a and 327a of the blades 326 and 327 gradual |y open
the shutter aperture 320. Although the bl ades 326 and 327 are rotated by
the sane gear 321 sinmultaneously in this way, they nove toward or 5

away from each other at the sane speed, because the radius of the pitch
circle of the outer teeth 326c is equal to the radius [err] of the pitch
circle of the inner teeth 327c. Therehgre, the anobunts of novenent nade on
opposite sides of the shutter opening 320 do not differ. Consequently, 10
~the blades 326 and 327 are prevented from angul arly novi ng through
~different angles, nove, .t hrou angl es, the effects of-

r if the h.differen
the inequality belta%eeriifgfh%" t\kﬂnirﬁ}ﬁﬁt%’“’gﬁzi{&)fénﬁﬁ K’&Q?Fsoézélﬁnt‘ﬁ nat ed. The™f
aperture and the SRBOEIRESLInaPRitBR TS EAEAPPERFFaPa: i s reached, the
known control circuit Lver gnal id two coil,s for causing
the coils to reverse tﬂg{‘é‘éﬁ%o?}.lé‘ﬁ%eag,eétakg %I{(%I[eg??iagenﬁ%% grtfyl ﬁg?esvagresed.

The gear 321 1ot agee e Mfideanetfdpnh 38fe QU er) iRt Rrddd: 20

and 332, respecti , to'close the Shutter apertur n the seventh
embodi meqt, the sQyiy airohl @l&Sofidr 8t ShedSare dhedd) BEusLNEheS GUENI

enbodi ment, however,” can al so be applied to blades which function only as a
di aphragm or as apshyl kRE pid3n circle of the outksOtdeln! SRcaAPOVRugXaNDl €, the

radius [err] of t he pitch - _ _
to the radius L2 of the pitch circle of the inner teeth
327c. Therefore, the ambunts of movement madé on opposite o
sides of the shutter opening_320 do not differ. Consequently,
10 | the blades 326 and 327 are prevented from angularly moving
through different angles, or if tﬁey move through differeﬁt
angles, the effects of the inequality between the two amounts
of movement can be eliminated.
The exposure is controlled according to the combination
15 of the aperture and the exposure time. When the desired
value is reached, the known control circuit delivers signals
to the said tﬁo coils for causing the colls to reverse the
rotor. Thén, the rotor is momentarily reversed. The gear
321 rotates the blades 326 and 327 about the shafts 331
20 and 332, respectively, to close the shutter aperture 320.
In the seventh embodiment, the shutter blades act
- also aé a diaphragm. The seventh embodiment, however, can
also be applied to blades which functioﬁ'only aé'a diaphragm
or as a shutter.

25 Also in the above example, the radius L1 of the pitch



29 circle of the outer teeth 326c of the shutter blade 326 is set equal to
the radius L of the pitch circle of the inner‘teet’h 327c of the shutter

bl ade 327, but this is not essential to the present enbodinment. The fixed
shafts 331 and 332 may 5 be |l ocated at positions which are close to
each other but renders the difference between the two anpunts of novenent
practically acceptable. The inequality be%ﬁeen the two anmobunts of novenent
made by the bl ades 326 and 327 nakes the ape of -the aperture asymetric,
and renders the changes in the areas 10 of the apertures formed near
theé centre of the openlng by the blades different. To accommobdate these

asyrfetric factors, thaiedse dierdisapseaainsiosate ke ymdg 4id her ont

in shape. Further in the seventh enbodi nment, ®the fixed shafts 331
and 332 are located gt dhéép&snéheoqaaiasoms ofl hﬂéepitaee Sieis sofnwe benkpcat ed
at the same position and nmade conmon. in this case, the edge portions

326a and 327a may berggr@iessid beraiet sh&&&aspadeoamrmeﬂ&me {Phot Nessential
-~ asymmetry of the shape of the aperture caused by the inequality between the

amount s of temrhe nRfelsenBi bbby iddne . DIt €Sxed? 6heftd 3217 ,.ands33E by as
for the inequality between the changes in the areas of the apertures
created by the bl adelse lbnatainatposicions wbidf heetclosé tiocheacmegbed ibuy
bet ween the amounts of novenent made by the bl ades 326 and 327 can be
reduced. 25 renders ther diffierence betvérnn the dwp hanovhbeliafemevement not or
i s

b.

practically acceptable. The inequélity between the two amounts
of movement made by the blades 326 and 327 makes the shape of
the aperture asymmetric, and renders the changes in the areas
10 of the apertures formed near the centre of the opening by
the blades different. To accommodate these asymmetric
factors, the edge portions 326a and 327a may be made different
in shape. |
Furthér_in the seventh embodiment, the fixed shafts
15 - 331 and 332 are located at différent positidns. These two
shafts may‘be located at the same position and made common.’
o ‘ Also in this case, the edge portions 326a and 3272 may be
made different in shape to compensate for the asymmetry of the
shape of fhe aperture caused by the inequality between the
20 . amounts of movement made by the blades 326 and.327, as well
és for the inequality between the changes in the areas of the
apertures created by the blades. In consequence; the effects
of the inequality between the amounts of movement made by
the bladés 326 and 327 can be reduced.

25 . Furthermore in the seventh embodiment, the motor is



30 a stepper notor but other notors, such as an ultrasonic notor, may be
enpl oyed provided that their rotation can be controlled at will using a
contro} circuit. In the case of the seventh enbodi nent, the bl ades 5

can be driven at positions which are as renpte as possible fromthe axes of
rotation of the blades. Consequently, the effects of the rattle produced by
the clearances between interfitting poggions and the effects of inertia are
reduced. Hence, the responsiveness of such a device is 10 good,

whil e the exposure can be controlled accurately. Since the axes of

rotation, the notor, and the gear are evenly distributed on opposite sides-:;
of the shutter op#£nitegper kotér bapgstiREt neforkhesuchngs aa viwweenfd omthe  \J
whol e canera can be prevented from becom ng unusual. Furthernore, 15

t he device i s nacmotep, ciayabé camployedripgpvisfedc thgronbelrs rotignios, cdthdecost can
be reduced. Additionally, the two shutter blades nove toward or away from -
each ot her at thecomamellgdeat! widdcusing aheontzol wdroditi.he pitch circle of the
outer teeth of one shutter blade 20 is equal to the radius of the
pitch circle of the i Ehdheteasenoffthengevrnids emhiodinent .prbridladehsequent |y,

it is unlikely that the shutter opening is closed or opened in an

asymmet r Pcal nmann®@® be<Fiver A/F PA ’a‘iﬁégr%B ane B FeIOER ragc Possibdeher

advant age arises fromthe fact that the shutter bl ades are
driven directly °5'n5h°gé§f1§ ol'EhaPtqt;s'l:on og Vt\:%e 2(asl.ades. Consequentiy, tge

effects of the rattle produced by the clearances between
interfitting portions and the effects of inertia are ' \i)
reduced. Hence, the responsiveness of such a device is
10 .good, while the exposure can be coﬁtrolled accurately.
Since the axes of rotation, the motor, and the gear
are evenly distributed on opposite sides of the shutter
opening, the arrangement §f the lens as viewed from the whole
caﬁera can be prevented from becoming unusual. Furthe;more,
15 the device is made up of a fewer number of components. Hence,
the cost can be reduced.
Additionally, the two shutter blades move toward or
away from each other at the same speed, because the radius
of the pitch circle of the outer teeth of one shutter blade
20 is equal to the radius of the pitch circle of the inner teeth
of the other shutter blade. Consequently, it is unlikely
that the shutter opening is closed or opened in an asymmetrical
manner, resulting in a decrease in the accuracy.
Another advantage arises from the fact that the two

25 shutter blades are driven directly by one gear. That is,



‘31 the shutter opening can be opened and cl osed quickly. Further, the
responsi veness can be i nproved. 32 CLAI MS 1. A notor-driven
bl ade device for controlling the size of an aperture conprising a notor

whi ch can be rotated both cl ockwi se and counter-cl ockw se; a drive gear
which is driven by the notor and which is disposed on one side of an 5
aperture; at |east one fixed shaft which is disposed on the opposite si-de
of the aperture; and a plurality of bladgs each of which is rotatably
nounted on a said fixed shaft for clockw se and counter-clockw se rotation
abeut the latter to control the size of the aperture; each of the bl ades
beéng 10 . driven, directly or indirectly, by the drive gear. 2. A

mot or-driven bl ade GRYi &ific@Sr UpehiBe chh 15 BbBAck bhd Wbk tqmcmai or is an
el ectric motor which is arranged to be driven cl ockw se and

counter - cl ockw se i By, JBC @ebpddbide sttt EOh bei g@lovedom an el ectronic
circuit. 15 3. A notor-driven blade device as clained in claiml
or 2 in which at |east one of the blades has teeth which are in nesh with
the teeth of the drive gear. 4. A nmotor-driven bl ade device as cl ai ned
in any preceding claimin which at | east one of the bl ades has a drive
-connection 20 with the said one bl ade.



33 5. A nmotor driven blade device as clainmed in claim4 in which the
drive connection conprises a'l ever which is rotatably nounted on the fixed
shaft of the said one blade and which has a pin and sl ot connection with
each of the 5 bl ades. 6. A nmotor-driven bl ade device as cl ai ned
inclaim3 in which there is at |east one further gear which is driven by
the drive gear, at | east one said blagg havi ng teeth which are in nmesh with

the teéth of the or a further 10 gear. 7. A notor-driven bl ade
device as clained in any preceding claimin which each of the blades is
driven fromthe drive gear by way of a drive transm ssion conprising a £
plurality of parts, adjusting nmeans being provided for relatively 15 NS
adjusting said parts so as to adjust the phase rel ationship between the '
nmot or and t he bl ades. 8. A mgtpra @rirven bl ade device as clainmed in claim
7 in which the said parts conprisé a driving | ever having teeth in nesh

with the teeth of the drive gear, the driving 20 | ever bei ng nounted

on one of a plurality of fixed shafts so as to be rotatable in opposite
angul ar directilons, amsbtartdaiveni Skidendévdcer fo¥dbherblAtiing el ast - nenti oned
fixed shaft so as to be rotatable in opposite angular directions, the
transm ssi on | eVze oficen ragertuner gompriisingtaamytorowhieh 22n be rotadedom t he

driving lever to the hlades. '
9 both ¢ ockéise and counter-clockwise; a drive gear which is

driven by the motor and which is disposed on one side of an
5 aperture; at least one fixed.shaft which is disposed on the \5)
opposite side of the aperture; and a plurality of blades
each qf which is rotatably mounted on a said fixed shaft for
c;ockwise and counter-clockwise rotation about the latter to
control the size of the aperture; each of the blades being
10 driyen, directly or indirectly, by the drive gear.
2, A mbtor-d;iven blade device as claimed in claim 1
in which the motor is an electric motor which is arranged to
be driven clockwise and counter-clockﬁise in accordance with
a control sigﬁal from an electronic circuit. <
15 3. A motor-driven blade device as claimed in claim 1 or 2
in which at least one of the blades has teeth which are in
mesh with the teeth of the drive gear.
4, _ A motor-driven blade device as claimed in any preceding
claim in which at least one of the blades has a drive connection

20 with the said one blade.

_

A g



34 9. A notor-driven blade device as clainmed in claim2 or any claim
dependent thereon in which there is an optical sensor which detects
movenent of a blade, the optical sensor being arranged to produce an out put
si gnal whi-ch controls 5- . t he operation of the electronic circuit.

10. A rmotor-driven bl ade device as claimed in claim9 in which the

el ectronic circuit is arranged to use the said output signal to find the
time at which bl ade operation starts, or £8 check whet her t he said
operation is proceeding satSifactorin, 10 ~or for a counting
operation. 11. A motor-driven device as clained inclaim2, or in any
of “efai ns 3-8 when dependen ai m C re i.s aci)ﬁn'gg‘h whi ch

é gontﬁ'l hﬁ e Ie:*.asca ed i
is opened and closed Th depedféRte d5Eh ﬁg rot £F 5§ 612 THeE Ve year or
of means driven ;her_e%lyw 12n the drivtehgo Wt £4h gggé{i%'eg'z? el be wgﬁgﬁ gl on of

the el ectronic circui not or - rlven ce as c ainmed inclaimi11

in which the swtch ig,a¢ F:f)t %u@é’edagn'ﬂleefﬁféar sHA¥C B! Shel BafdHe WikBet he
drive gear, the idle gear having a |larger dianeter and 20 a |l arger

nunber of teeth than fhe il RhadCRpinlahd slot RolRéXivdlvitBNeddnade IRV Ce as
clained in claim3 in which a first blade has external teeth in nmesh with

the drive gear and a srfesd blade has inner teeth in mesh wth the drive
gear. 25 14. A notor-driven bl ade device as clained in claim13
in which the arrangenent i sAsischridrdven [blade fdesiceas bbdimednin claim 3
) in which there is at least one further gear whiéh is driven
\f/ by the drive gear, at least one said blade having teeth
which are in mesh with the teeth of the or a further
10 gear.
7. A motor-driven blade device as claimed in any preceding
claim in which each of the blades is driven from the drive
gear by way of a drive transmission comprising a plurality
of parts,.adjusting means being provided for relatively
15 adjustiﬁg said parts so as to adjust the phase relationship
between the motor and the blades.
W 8. A motor-driven blade device as claimed in claim 7
in which the said parts comprise a driving lever haviqg
teeth in mesh with the teeth of the drive gear, the driving
20 lever being mounted on one of a plurality of fixed shéfts
so as to be rotatable in opposite angular directions, and
a transmission lever mounted on the last-mentioned fixed
shaft so as to be rotatable in opposite angular directions,

the transmission lever acting to transmit rotary motion

25 from the driving lever to the blades.
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t he distance of the said inner teeth fromthe centre of the 35 shutter
aperture and the distance of the external teeth fromthe said centre is

such as to make the change in the area of the aperture formed by the s
first-nentioned bl ade at the said centre substantially equal to the change

in the area of the aperture forned by the second bl ade at the said centre.

15. A notor-driven bl ade device substantially as herei nbefore
described with reference to and as sho\tn in 10 Figures 1-4; 5-7; 8 and 9;

10 or 11. 16. A canera provided with a device as clained in any
preceding claim 17. A device for activating the shutter bl ades of-a

not or-driven shuytter, CBsz—ﬁLMn g%/@éagg\t,{d&cagoéﬂg_mgg in ci(!ﬁiimCh can be M\

rotated either forwardly or reverse ccording to a contr signal from an

electronic circyi by 4y LEAS dfp¥nddRartHirb¥ e InbUnidhe chBOs 4d ¥peichalts
| ocated on the opposite side of a shutter opening fromthe gear; and bl ades

whi ch have teet RehSorRhilciideleddd movédtatU6fila BNSUEY €hé Vpatesl ebhda ,
forwardly or reversely about the fixed shafts to define an aperture. 25 30

being arranged to produce an output signal which controls
5 the operation of the electronic circuit.
10. A motor-driven blade device as claimed in claim 9 in
which the electronic circuit is arranged to use the said
output signal to find the time at which blade operation starts, \-)
or to check yhefher the said operation is proceeding satsifactorily,
10 or for a counting operation.
11. A motor-driven device as claimed.in claim 2, or in
any of claims 3-8 when dependent upon claim 2, in which there
is a switch which is opened and closed in depenﬂence upon |
the rotation of the drive gear or of means driven thereby,
15 the switch controlling the-operation of the electronic
circuit. ‘ .
12. A motor-driven device as claimed in claim 11 in which \“)-
the switch is actuated by an idle gear which is in mesh with
the drive gear, the idle gear having a larger diameter and
20 a larger numbef of teeth than the drive gear.
13. A motor-driven blade device as claimed in claim 3
~ in which a first blade has external teeth in mesh with the
drive gear and a second blade has inner teeth-in mesh with
the drive gear. .
25 14. A motor-driven blade devicé as claimed in claim 13
in which the arrangement is such that the difference between

the distance of the said inner teeth from the centre of the
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36 18. A device for activating notor-driven bl ades, the device having an
el ectric notor capable of being rotated either forwardly or rearwardly
according to a control signal froman electronic circuit, a gear rotated by
the motor, a 5 pair of fixed shafts |ocated substantially on the
opposite side of a shutter opening frog1the gear, and a pair of blades held
to the shafts so as to be rotatable ei ther forwardly or rearwardly, the
gear acting to transm-t rotary notion to the blades to open or close the
shutter opening, said device 10 conprising;a driving | ever having
te€tch in mesh with the gear, the driving |ever being held to one of the
fixed shafts so as to be rotatable either forwardly or rearwardly; a.

transm ssion | evahuees a@etrféutrae aBaX%@les Eﬁ%ttah@ewalfc I?.hEh%x@éHihrlg tlegw i's
hel d, the transm_sion,l| ever elng capab ei t her

n
forwardly or reafhQPdife £Rdd: CER ﬁﬁséﬁoﬁuFQvéﬁ §8tpﬁ§et6h? HSHEF iBtary
notion fromthe dhevamgalefemhboapbetb&adcarmeadbqntaéja&tsngmenanenﬁdunted

bet ween the  tran i ver drivi ver, .for usting. the
phase rel ation b@gééén%thg ﬁn?&ﬁ ﬁ&n$58 SPéﬁgép%ééllY qu g1"2b tgF

devi ce for acti vehangeninotheér aren bifatibe, apeetdeei forhadi by aheebecbndc
not or whi ch can Rg.pat akedyal agh Eghgggdly or rearwardly according to a

control signal froman electronic Circurt, a gear driven by the notor,
fixed shafts | ocaBed subst adt MQEPF-8nivea bppdsi devirgesybssankipldy 25

openi ng from thepgeainbeferdl adasriball aien’ eb#bednaBoub hREB as shown in
9 B Figures 1-4; 5-7; 8 and 9; 10 or 11.
16. A camera provided with a device as claimed in
any preceding claim. _
17. A device for activating the shutter blades of
a2 motor-driven shutter, comprising: an electric motor
which can be rotated either forwardly or reversely
according to a control signal from an electronic
circuit; at least one gear driven by the motor; £fixed
shafts located on the opposite side of a shutter opening
from the gear; and blades which have teeth in mesh with
20 the gear and are rotated either forwardly or reversely
about the fixed shafts to define an aperture.

30
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37 fixed shafts either forwardly or rearwardly to open or close the shutter
openi ng, one of the blades having teeth in mesh with the gear, the

i nprovenent wherein there is provided an optical sensor which detects
novenent of the 5 bl ades, utilizing the condition in which the teeth
obstruct or pass light, and wherein the electronic circuit delivers a
control signal for controlling the opergtion of the notor, according to the
out put signal fromthe optical sensor . >20. A device for activating

not or-driven shutter blades, 10 t he device having an electric notor
that can be rotated either forwardly or rearwardly according to a control s
signal froman electronic circuit, .a gear driven by the notor, a fixed ‘i

shaft |ocated sufgtant jahdwic8NedhacPPRRThE GuotbfiQbed t1AHLSL SenePENi NG from
the gear, a first blade which has teeth in nesh with the 15 gear and

is rotated about _a&hﬁ:esha{ingehgrﬂecieim_dby capabRAbIHBInY Fsta@pgN Or close
the shutter opening, said device conprising; an idle gear that is in nmesh

with the first-menthengoraadly aid reaiwiirddy iccotding 66/Gh caftvlgbegdadss than
[err] the idler gear having a |l arger dianeter and a | arger nunber of teeth
t han 20 t he fton &n- abertironde cjeeauit ,aa sgearntbtiatadcbynishe mdtas, taseth in
mesh with the idle gear and is rotated.in a direction opposite to the first
bl ade abdut a sepaim ofi kbkdshbdfts decated sulistantitaldy|on che tdpposPiposi te si de
of the shutter opening fromthe first- nmentioned gear, the second bl ade
cooper ati ng w t hsi¢gof ja shutzer openipg fyeumitheopesr opn¢|ppaix pd bladeser
opening; and a swtch which detects the operatign of the blades, utilizing
the rotation of held to the shafts so as to be rotatable either forwardly or o
rearwardly, the gear acting to tramnsmit rotary motion to the
blades to. open or close the shutter opening, said device

10 comprising;a driving lever having teeth in mesh with the
gear, the driving lever being ﬁéld to one of the fixed shafts
so as to be rotatable either forwardly or rearwardly; a
transmission lever mounted to the fixed shaft to which the
driving lever is held, the transmission lever being capable

15 of rotating either forwardly or rearwardly, the transmission
lever acting to transmit rotary motion from the driving
lever to the blades; and an adjusting means mounted between
the transmission lever and the driving lever for adjusting
the phase relation between the motor and the blades.

20 9. In a dévice for activating motor-driven blades, the
device having an electric motor which can be rotated either
forwardly or rearwardly according to a control signal from
an electronic circuit, a gear driven by the motor, fixed

shafts located substantially on the opposite side of a shutter

25 opening from the gear, and blades that are rotated about the

AN



the idle gear. 38 21. A device for activating notor-driven bl ades,
conprising: an electric notor which can be rotated ei ther forwardly or
Fearwardly according to a control signal froman electronic circuit; a gear
driven by the notor; a first 5 fixed shaft located substantially on
the opposite side of a shutter opening fromthe gear; a first blade which
has outer teeth in mesh with the gear and can be rotated about the first
fixed shaft either forwardly or rearwardl §7 a second fixed shaft |ocated
substantially on the opposite side of the 10 ~shutter opening fromthe
gear, a second bl ade which has inner teeth in mesh with the gear and is
di“*ett ed oppositely to the first blade, the second bl ade being rotated

about the second fixed s t in.a direction opposite to the direction in
which the first bl g%%l 8 ?aff&ﬁafb'd’,ert frverdlt onntrasEetHa BP RS eDoper ati ng

to open 15 or clase th utter opening; and a conpensating means
whi CE conpensat es %orsg E}ée él?’?'?g Io QREPUTRy (e Of ffg’edPJs"’(déﬁc’éa"&PgtFﬂ?tPnner

teeth neshing with r.fromthe centye of the shutter opening and the
di stance of the ou%’t{elr;Jlg ge thrré% igﬁarwggﬁ mr?éméeé'lff‘tf"aﬁ’ﬁie%‘%ethégﬁtjrse of the
shutter opening, t the €.d ' rea of t erture
formed by the fi rs]?rdglggg% a:ﬂno€ eggesnétnr%g}r(}?'itgﬁedestﬁﬁﬁaénrc’v%nbee i R éhe

substantial by equalidaes}) e 1EARGe thd cBh&iafoﬁanwaSEH? tARSEdeth ol Y QB DY the

second bl ade in the centre of the shutter openin
or pass light, and wherein the electronic circuit delivers

W a confrol signal'for controlling the'operation of the moﬁor,
according to the output signal from the optical sensor.
2. A devicg for activating motor-driven shutter blades,

10 the device having an electric motor that can be rotated either
forwardly or rearwardly according to a control signal from an
electronic circuit, a gear driven by the motor, a fixed shaft
located substantially on the opposite sidé~of a shutéer opening
from the gear, a first blade which has teeth in mesh with tﬁé

15 gear and is rotated about the shaft either forwardly or
rearwardly to open or close the shutter opening, said device
comprising; an idle gear that is in mesh with the first-mentioned
gear and rotated by it through an angle less than 360°, the idler
gear having a larger diameter and a larger number of teeth than

20 the first-mentioned gear, a second blade which has teeth in mesh
with fhe idle gear and is rotated in a direction opposite to
fhe fi:st blade about a second fixed shaft located subsfantiélly
on the opposite side of the shuttgr opening from the first-
mentioned gear, the.second blade cooperating with the first

25 bladé to open or close the shutter opening; and a switch which

detects the operation of the blades, utilizing the rotation of

) D O

the idle gear.
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21 A device for activating motor-driven blades,
comprising: an electric motor whiéh can be rotated either
forwardly or re#rwardly according to a éontrol signal from

an electronic circuit; a gear driven by the motor; a first
fixed shaft located substantially on_the opposite side of a
shutter opéning from the gear; a first blade which has outer
teeth in mesh with the gear and can be rotated about the first
fixed shéft either forwardly or rearwardly; a second fixed ~/
shaft located substantially on the opposite side of the

shutter opening from the geaf;-a second biade which has inner
teeth in mesh with the gear and is directed oppositely to the
first blade, the second blade being rotated about the second fixed
shaft in a direction opposite to the direction in which the first
blade is rotated, the first and second blades cooperating to open
or closé the shutter opening; and a compensating means which
compensates for the difference between the distance of the.iﬁner .
teeth meshing with the gear from the ceﬁtre'of the shutter opening (;)
and the distance of the outer teeth meshing with the gear from

the centre of the shutter opening, to make the change in the

area of the aperture formed by the first:blade in the centre

of the shutter opening substantially equal to the change in

the area of the aperture formed by the second blade in the

centre of the shutter opening.
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