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2203562 1 A SHUTTER .MECHANI SM This invention relates to shutter nechanisns.
A program shutter in which sectors are opened and 5 cl osed by neans of a
stepping notor is arranged such that, in response to the operation of a
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rel ease button, driving pul ses, having a predeternined period, are inpt% 356
al 'ye™

the stepping notor so as to cause it.to rotate forwardly thereby gradu
openi ng the sectors.. When 10 the notor has rotated through a gi ven nunber
of steps corresponding to a particul ar exposure tine,.the phase of the

driving pulses is switched to rever ac SHUPTHR afidPXNPEm " Ot ati on of the
stepping notor so as to close the sectors—thous—termrmating t he exposure.
15 -~ A program shutter of the type described above suffers fromthe
foll owi ng problens. When the shutter is in a stationary state, a sector
openi ng and cl osi ng nertfers i inveatéont red atefscrimshytttset i Bechynidass of a
spring, in order to prevent erroneous operation. 20 Accordingly, when
openi ng the sectors, tHe pregran shut&eri dg iwhiglplsextaors tawe sopepedgand
motor. In addition, a change of aperture dianmeter with respect to_the

el apsed time Pn HOFHDREIANEpRA| Ag SERPPIRG omotor igh-anranged sueht o

the inertia of ¢ nents or the 25 cl rance t herebetween. For this
reason. the desc&ﬂ%&ﬁ %n response to %%e opergllon ofMZ release button,

driving pulses, having a predetermined period, are input
to the stepping motor so .as to cause it to rotate
O | forwardly thereby gradually opening the sectors. When

10 the motor has rotated through a given number of steps
corresponding to a particular exposure time, the phase
of the driving pulses is switched to reverse the
diréction of rotation of the stepping motor so as to
close the sectors, thus terminating the expoéure.

15 | A program. shutter of the type described above
suffers from the following problems. -When tﬁe shutter
is in a stationary state, a sector opening and closing
member is biased to a reference position by means of a
spring, in order to prevent erroneous operation.

20 Accordingly, Qhen opening the sectors, the bias of the
spring is applied to the stepping motor. In addition, a
change of aperture diameter with resﬁect to the elapsed
time in the process of opening the sectors is non-
uniform due to the inertia of components or the

25 clearance therebetween. For this reason, the described



2 priogram shutter is incapable of effecting precise exposure control. The
present invention seeks :to provide a shutter nechani smwhich is so designed
that it is possible to 5 make uniformthe change in the aperture di anmeter
defined by.the .sectors when opening. According to the present invention
there is pggylded a shutter nmechani smconprising: sectors defining a |lens
aperture during an exposure operation; 10 a reversible stepping notor for
openi ng and cl osing said sectors; and a control section including
arithmetic circuit neans for calculating an exposure corresponding to

bri ght ness of a spbpgramtshwetehoisgiapapablecofineffigetbagspreciget ernini ng
t he nunber of steps through which 15 said stepping notor should be rotated
in accordance wntﬁxP%%UEQI@QFEFQH amount of exposure, pulse circuit means
for outputtlng pul ses having a pre-determ hed period for driving

sectors in correspondent@evP¥Rsent h%ﬁ%%?lﬁm seehs et Braviaes By EHF&er

o The™® "3 pul sautehRpbEm v #éta;n%"%w %g‘?ﬁg\l{:hﬁ’éa £ 4R PresbBlratl (e
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response to the by the sectors when openlng _

. Accordlng to the present 1nventlon there is
-provrded a shutter mechanlsm compr1s1ng sectors
_definlng a lens aperture during an exposure operatzon,

:flp:a revers1ble stepping motor for openlng and c1051ng sa1d

| :sectors; and a control sectlon including arlthmetlc

circuit means for calculatlng an exposure correspondlng

to brlghtness of a subJect to be photographed counting
means for determlnlng the number of steps through which

15 sald stepplng motor should be rotated in accordance with
:lthe calculated amount of exposure, pulse circuit means

for outputtlng pulses haV1ng a pre- determined perlod for
dr1v1ng sa1d sectors in correspondence with the number

W] .of steps determlned by sa1d counting means, a time_

20 circuit for setting ON/OFF periods in said period of the



5 pul ses output fromsaid pulse circuit neans. Preferably said arithnetic
circuit neans includes a brightness detecting circuit -for detecting the
brightness of an object to be photographed. Said arithnetic circuit neans
may i nclude nenory nmeans 10 for storing stepping notor d¥iving data
corresponding to a plurality of brightnesses, and a counter C|rcw\;ﬂor
counting the output of the brlghtness detecting circuit and providi-ng an
output to t
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peri ods. se generating circult my o] produce'

4 pul ses aui&ée/saeawarem BRHEOGu1 sE @AY inads, [ |1 ustrated, nerely
by way of" exanple, In the acconpanying draw ngs, In Whlch - Flgure
consi sting of FhguEesably) sand athmetic circuit means 1nc1udes

a br-ghtness detecting 01rcu1t for detecting the |

brig"uness of an object to be photographed. Said

_ ariths etic circuit means may include memory means ;

10 E.-n-eéea-es—memeﬁ'—nea-asafor storing stepping motor drivina i U :
data corresponding to a plurality of brightnesses, and a '
counter C1rcuit for counting the output of the i
'bric?tness detecting circuit and providing an output to
the :emory means.. | | | |

15 The pulse 01rcuit means, in one embodiment,umz
inclnaes a first pulse generating circu1t for generating

_tpulSes for driving the stepping motor in one direction
and & second pulse generating circuit for generating
.pulses for driving the stepping motor in the reverse

20 direction. | N |

| The pulse circuit means preferably is arranged to
produce pulses with differing ON periods. Thus the
first pulse generating circuit may be arranged to
produce pulses with increasing ON periods. The second

25 pulse generating circuit may be arranged to produce



5 shows front and sectional views of one enbodi nent of a shutter nmechanism
according to the present Invention; Figure 2, consisting of Figures 2(a)
and 2(b), shows front and sectional views of a stepping notor of the

shut t er@rechani sm of. Figure 1; 10 Figure 3 is a block diagramof a
control Me#* of a shutter nechani smaccordinggto the present invention; and
Figure 4 is a timng chart -illustrating the operation of the controller of
Figure 3. 15 - Figure 1 shows one enbodi nent of a program shutter or
shutt er nechani pulseswwiith desreasdimg O \penisdsamy be applied.. The
shutter nechanism has a base plate 1 with a I ens positioning plate 2
secured thereto A secfbe dnyep&dop iis ddihuﬁcrmcﬁeenenm s evay e 1 and
20 the Iens positioning plate 2. Two sectors 4 are disposed in the sector
chanber 3 for pP¥eFmbeEe AHyERenpCEPFRPRNYENG Araningss i whichectors 4

pi voting synnEtLicallﬁ,to determ ne  a Lenséﬁpenture. A sector driving

|l ever 6 is supported BAIPRE Bas&OPFisEing & Figysiesmtldia hdndhehitbhbout a
shaft 7. The leyer. 6.is 5 .engaged vi.a rooved portion 6a fornmed at -
one end t hereof SWPYR £¥pPk §3doﬁg5%§89f’&r Vgﬁgﬁ rﬂfe\m&ele@%ﬁwti s°rrfe.a

g;\é? E?ISI Z Fﬁ?gh%ﬁugggtggﬁs'?g%{fﬁs%lbac-crg%dli%\ée-rtoes tne a:lrsé%e%rpai%%denvgftpn;t he

. - Figure 2, consisting of Figures 2(a) and 2(b),

- . shows front and sectional views of a stepping motor of
the shﬁtter.mechanism'Of Figure 1;
N\ : To"' © Figure 3 is a block diagram of a controller of a
' shutter mechanism according to the present invention;
- ang
Figure 4 isla timing chart' illustrating the
operation of the controller of Figure 3.
15 Figure 1 shows one embodiment of a program shutter
or shutter mechanism to which the present invention may
"be apvplied.’ The shutter mechanism has a base plate 1
witrh a lens positioning plate 2 secured thereto. A
sector chamber 3 is defined between the base platé 1 and
20 the lens positioning plate 2. Two sectors 4 are
disposed in the sector chamber 3 for pivotable movement
about respective pins 5, the sectors 4 pivoting
s&ﬁmetrically'tp determine a lens aperture. A sector
. driving lever 6 is supported on the base plate {wfbr

25 pivOtal movement'aﬁout a shaft 7. The lever 6 is:



5 which is built in a side thereof which is closer to the base plate 1. -
The sector driving wheel 9 is pivotally supported by the shaft 7 in such a -
manner that it is, when in a stationary state, held at a reference position ,
by means of stopper portions 9b fornmed on the outer 10 periphery thereof.
and a spring 8 which biases the wheel ® so as to turn counterclogkmds£f+

The sector driving wheel 9 is connected at a toothed portion 9c forped at

one end thereof to a driving shaft 13a of a stepping notor. 12 throlgh a

gear train.ergaged viaapgrooveflspagiiond a0 forpege ati toneiendr one or the

ot her of the stopper portions 9b of the sector_driving wheel 9 thereby to
limt the rethereot whthl arpibt 88 6F & sectoredrgving wheplhntefhich =

Referring next to Figure 2, which shows one 2 enhodi nent of §he steppfhg
motor 12, iﬁmP%N@b@?ﬁ@ ﬁBPBFeﬂaQnatgﬁaé% 3*rot Hﬁ?Wﬁﬁd%*i% made of

B:GQFSSGEZ,”B-%?SP%‘%%%%?E# B0 eaEaink I B el A R RE A TE0 | ey
te 15 t, 25 iyl ), ,9.0f, th i hani
P G ven Whigh 16 BBRTE BhAonile FrlEedi Uit as Kookt 8, EBEI NG onc
of the rot %;%h:éea%g’% U Tﬁga?%tﬁ‘aégﬁiﬁ’%‘@' %e%alcfb@ep&%%@ tic:

material e wo leg portrons. the stators ™1 as an

exciting cqll,l&rfda by the shaft 7 in such a mannerathatfit_is,

| ‘when in a stationary state, held at a féferencegposition
by means of stopper portions 9b fo:med onmthefduter j _

10 perighery thereof and a spring 8 which biases the wheel Q}
"9 so as to turn counterclockwise. The sectogédriving |
whee. 9 is connected at a ﬁoothed portion 9¢ formed at
one end thereof to a driving shaft 13a:of-é;stepping :
motor 12 through a gear train.: |

15 A pin 11 is adapted to engage with either one or -

: the cther of the stopper portions 9b of the sector
driving wheel 9 thereby to limit the range of angular
rotation of thg sectér driving wheelgs, |

Referring next to figure.z, which shows one

20 emboéiment of the stepping motor 12, ﬁhe-stgpping_motgr
:has & éuadripole-rotor 13 which is made of permanent
magriets and which is rotatably-mounted.betwéeh-upper and'
léwer_platéé=14,15-with one end of a rotor shaft 13a
projecting from the lower plate 15, so that the*séctor _

25 driving wheel 9 of the shutter mechanism is:driven .



5 wound on one |eg portion thereof, and each stator has two magnetic pole.
portions 17a,17b, or 18a, 18b provided at the distal ends of the legs in
such a manner that the two magnetic pole portions are in [err] relation to
each othgg with respect to the central axis of the rotor 13. 10. The
stators I%=48 are positioned by neans of guiéde pins 19 so that one nmgnetic
pol e portion-17b of the stator 17 and one magnetic pole portion 18b of the
stator 18 are in éerr] rel ation to each other with respect to the central
axis of the rotokhagughTapiniga Jbemhiich dm Gecared ta the prriecbingat
the rotor 13 can be r taﬁed bot h forwards and backwards in [err]_steps. .
Figure 3 illustré®®ses EBRt FOLPE, quafg. didet eV RAREd Shakors ol hg! 8 ach

present invention. ngg control.l er has ,a_frequency divider 22 which

frequency 20 di ViR sPgaRe Foﬁ\az}'erré'ﬁ‘_&r & td§?_:i3]_}'ef%t9_f?r§§°‘|’|%vi ng a
Shotomet ¢ dat -EAgh oBh: RECnBEaRoRR ] BPRA a0 sidatinh <ol Tw dro

. | . . - | ! ' k . . . - . . ! . 25
corpar son by® mtound| 88%ne feq Pl e EHRLABEC W Hdi Hearck iEC

transi stor 235 o SrE Gt RoBoR BRE TAo"S aurvan D4 ot Siedh PR
to the operatiorpPfthd deseaicehub! 6F ¢AQ! 188@Wih 3UbhA a manner that the
two magnetic pole portions are in 90° relation to each
-other with respect to the central axis of the rotor 13.
\_/ 10 The stators 17,18 are positioned by means of guide pins
19 s¢ that one magnetic pole portion 17b of the stator
17 ‘ar.d one magnetic pole portion 18b of the stator 18
- are in 459 relation to each'other_with respect to ﬁhe
central-axis of the rotor 13. Thus, the stepping motor
15°° 12 is arranged so that the rotor 13 can'be.rotated both
forwards and backwards in 90° steps.
-Figure'3 illustrates a controller of a shutter
‘mechanism according to the present invention. .The
controller has a frequency divider 22 which frequency
20 -divides-a signal from a reference pulse oscillator 21
héving a crystal oscillator to generate-a clock signal
CK1 . for digitising-photometric_déta, stepping mbtor
‘driving clock.signals CK2,CK3 and an_interpolatioﬁ clock
- signal CK4. A brightness detecting circuit. 23 makes

25 ~‘comparison by means ‘'of a comparator 23d between a



5 termnal voltage of a logarithm c conpression diode 23c which is
connected in series to a light-receiving el enent 25'such as -a cds or the
like. Wien the switch 24 is actuated, the brightness detecting circuit 23,
opens a gate 23e to output the clock signal CKl to a 10 counter cireuit =
26. Al'so when the output of the conpaf¥ator 23d is inverted, the gate#23e
is opened to output the clock signal CK1 to the counter circuit 26 and

when the output of the conparator 23d is inverted, the gate 23e i'§ cl osed
to suspendCPHEQiBﬂﬁK°¥#aﬁ%efHBm-%l%@Ragﬁﬁﬁﬁr2@Rl?h@ﬁ@r3§y¢&§; ing a

o0t e opePdbhod sonsAt s urdne CPROGn e tlaha oty S M 1o Pount
Gl rout o) 53488 R OV dhy R SV HER 38 S8kaEedL A FSFRER SRSy

subj ect br Fif REBEEs To Ve TR L1 dd0d BH:E8h7 (B8L BRRARY 8% 101 11
Phich i fe CeREiERY WiTkage SFUEHh08r1 Bhinl (EOnRUERET o aToRS 24 203]
corr ect i NGy RRCRX S Wohufddia | £ Ubd+1s £0TA! DegRiURRCRINARG Of Steps in

accordance with the contents of the counter 26. e menory -circuit 27
further stgnepentdis sifdal 49 sleéds rorechll Dikeler Wada: ithel i@ ididh/i ng-
24 is'éCtuated;-the-brightneéshdéteCting'Cir¢@if;23 |
opers a gate 23e}toi§utputtthe'¢10ck.signalgcki:to_a
10 cournter circuit 26. Also when.theqoutput oﬁitbé--r o ;J
.co:;arator 23diis-iﬁverted, the gate 23e ié;opened to
cutprut the clock signal CK1-totthe_counter.circuit 26,
- and when the output of thejcdﬁparator;23d?is inverted;-
 the cate ‘23e 'is closed to suspend the output of the
15 clock signél'CK1,:thereby;outputting a digitised subject
brichtness. '

"The counter circuit 26 is cleared in response to
the operation of the switch 24 and, at the same~time,l
activated to count the subject -brightness data output

20 from the brightness detecting'circuit 23 and:.output the
- .contents thereof. An exposure data memory circuit_27
stores stepping mptor.driving-data.corresponding to

various subject brightnesses. The meﬁory_cirguit-Z? is
arranged such that it is possible to access data .-

25 recarding the given number of steps th:qugh-whiqh-the



pul se period for each step. This data is read out by a time circuit 37
when OV OFF periods are-set’ for drive circuits 36. A forward driving pul se
gengrating circuit 28 generates, on the basis of the stepping notor driving
10 cloclkssignal CK2, pulses [err] whereby the stepping notor can be driven
forwards against the load of the position cogtrol spring 8 (Figure 1) of
the shutter nechanism The forward driving pul se generating circuit 28 is
suspended to output the pulses in response to the 15- inversion of the

out put of a fOf\ABé@é%ﬁ!ﬁ SRotWrt ERbRIACHEC Yot atld ArEVEItSE 81 At 15h U &£

generating circuit 29 oufputs pul'ses [err] for driving the stepping notor
backwards on the f@si softetBengt ARPERBOBRR’ edriot st tiGiPHerom Hwe CK3

fromthe time when the output of the forward/reverse switching circuit 32
is inverted. A puibeesvhimbepgofi stebs 3 acedirdancd’ wiNh giiee cotite Bt cfhd
an OR gate 30c which connects together these AND gates. The AND gate 30a
is supplied at onehenpotin€ér 26er eThewmehotrlye ciulcadit R7 rfamitHer miicees
generating circuit 28 and at the other input with a signal output from
the forward/ r &verdatawisedi hg deteuming2ON{QFFt perddsydne tdeh driwingl i ed
at one input thereof with the pulses Q fromthe pul se geqerat!&a circuit 29
and at the 5 otipelsepperiw@nforsegabl sseprai nd® sy datbaeris mpachout diala
fromthe forward/reverse switching circuit 32. _ : o
: ' _ time circuit 37 when ON/OFF periods are set for drive
'cifc:its'36. A forward driving pulse éenerating circuit
' 28 cerierates, on the basis'bf the stepping motor driving
N\ 10 clock signal CK2, pulses P1...Pn'whereby'the stepping
' ‘motor can be driven forwards against'the'load.of the
position control spring 8 (Figure 1) of the shutter
mechanish. The forward driving'pulse generating circuit
28 is suspended to output the pulses in response to the
”'15' inversion of the output of a forwétd/revérse'switching
circuit 32. |
A reVerse'driving_pulse.generating’circuit 29
zbutptts'pulses'Qi...Qn for driving the stepping motor
backwards on the basis of the stepping motor driving
20 clock signal CK3 from the time when the output of the
' forward/reverse switching circuit 32 is inverted.
‘A pulse switching circuit 30'consists'of AND gates
 30a,30b and an OR gate 30c which connects together these
AND cates. The AND gate 30a is supplied'at one input

' 25 thereof with the pulses P from the pulse generating



When the stepping notor is rotated forwards,, the pulse switching circuit *
30 out puts the pul ses P, whereas, when the notor is reversed, the pulse
switching circuit 30 10 outputs the pulses Q A rotation node swtching
counter 31 consists of a first presettable down counter 3la conposed of
flip- flops [err] to [err] cascade-confected to each other and a seggnd”'”
presettable domn counter 31b conposed of cascade- 15 connected flip-flops
[err] to [e The first counter 3la is preset with a given nunbéf of

steps deli é’dl"‘ftrogﬁﬁf%d éxboShiecobher Appyty wdithcai siznahautput f or var d
rotation of the ul s is started when the nmotor s reversed: The
counter 31&FPR &gﬁmﬁ#ﬁewsﬁnﬁwﬁgcgégﬁo%%te% pﬂﬂ%eﬂw or Q and
when the c ter e es, Zero counter utputs a signal froman

out put gat ? g’%ﬁ? e TRRP ﬁ%‘adagt Raec g‘ %ﬁﬁ'qg ‘iddetthg t h

the 1 E?QZ?'B%@ Bt U mifRR, Q%nﬁ%?ﬁﬁ%é%&?%ﬁsd e ol dhe o
clock sPanat ek T+ nt?t B i T 331%?8'3%32” |
175 out put 82 Egg?ﬁﬁ?“fﬁhfm%%ﬁﬁ%%?éesS‘E’?FQPER?R% FeiE R Thar
data used WneﬂethémétéﬁﬁﬁthMBﬁb@f1§aﬁbt8ted forwards, the pulse
switching circult 30 outputs the pulses P, whereas,'when
~the motorlis.reversed,_the pulse_swltching c}:qu;t 30
10 outputs the pulses Q. - : ;ﬁ ._ . :;: ,: S '. O
A rotation mode switehing_cpunter 31 cpneiéte ef a |
first presettable down counter 31a qpmpqeed.df fiip_
flops Fq to F3 cescadefconneeted to eech othet.aﬁd_a-
secons presettable down counter 31b_composed_ofueaecade;_
15 < connected flip-flops Fy to Fg. Theffirst countetr31a is
preset w@th a given number of steps delivered trem tﬁe
exposure data memory circuit 27 when the fo;werd
rotation of the pulse motor is started end.ﬁﬁen_the
motor is reversed. The-countert31a is-deerementeé by
20 one in response to each pulse P or Q, aﬁd whenlthe
counter reaches zero, the counter 31e outpute a signal
from an output gate G,. On the other hand, the_eeﬁnter
31b is preset with interpolation data_délive;ed from the
exposure data_mempry circuit 27 When the fpryatde

25 rotation of the pulse motor is started. The cednter 31b



thélpuLses P and Qis transferred fron1the'eXposure data nmenory circuit 27
to either the forward drivi'ng pul se generating circuit 28 or the reverse
driving pulse 10 generating circuit 29 in response to the output of the
counter 3la or 31b immedi ately before the generation of the pulse. The
forward/ reyerse switching circuit 32 |latches1® signal output fromthe
rotation node_swi tching counter 15 circuit 31, activates the pul se
switching circuit 30 to switch over the output pulses fromthe pulses P to
t he pul ses Q and,isitdetrenentedi by, opei ioheesponse o midce polsnefi the
direction determned in a stepping notor driving circuit 33. The stepping
nmotor driving ci riierpelaBiopsciosk- sipnad CKég fxemitdhe itimehivdrem the
termnal fromwhich a signal is output is shifted to _another term nal which
i s adj acent to itcaRk\ofikefineeconpter 343 ypachafezane, amid whelpping
nmot or driving Qir3§%t 33 s fugﬁLied W th pul ses fromthe pulse swtching
circuit 30 25 ‘andHetFMREICF nthesFEREBRd: GountEIn A Lo &5 FRENelt
forward/reverse switching cifrcuit 32 to_switch over the directiqgn of _
movenent of pi sEUGETGE & A 1ebal LERD 2P BHERYLIBAE Cawaris ould be
backwards. A sec swit.ch, 3 S boi h r tiLon m 5 Sw_tghi
counter 31 and t%g%eo#mv%ﬁ%’f ré@é&s‘ggé%i ?éhfi%g%&f“ﬁ’ |'tt%§.2wil%%!he pﬁs%c 0onig
fﬁgrat ion of the ¢ifl GaSF AL O0ha @ $6! tPhABELrIRRCFIOMEY [Hidsuie HHith
| memory circuit 27 to either the forward driving pulse
generatihg.circuit 28 or the reverse driving pulse
U 10 generating circuit 29 in response to the output of the
- -cour.ter .31a or 31b immediately before the generation of
- the pulse.
.~ The forward/reverse switching circuit 32 latches a
- signzl output from the rotation mode switching counter
15 circcit 31, activates the pulse switching circuit 30 to
switch over the output pulses from the pulses P to the
pulses Q and, at the same time, switches over the pulse
- movezent direction determined in a stepping motor
wdriving circuit 33; The stepping motor driving circuit
20 33 is a so-called ring counter in which a terminal from
.~ which a signal is output is shifted to another terminal
whick.is adjacent to it every time a pulse signai is
input thereto. The stepping motor driving circuit 33 is
supplied with pulses from the pulse switching circuit 30

25 and activated in response to a signal output from the .



pul se generation circuits 28,29 in response to the operation of the swi.tch
34. The drive circuits 36 10 respectively anplify’ signals.output fromthe
output termnals [err] to [err] of the stepping notor driving circuit 33
and feed the anplified signals to the exciting coils [err] of the stepping
motor 12. The time circuit 37 sets CMNIOFF periods for each of the«gd# ve
circuits 36 on 15 the basis of the data concerning OV OFF periods™in the
driving pulse period for each step which is stored in the nenory circuit
27. The ofexwairst! ngverse conitohing cirFudtr 823 tai Iswitwh myveiedthe bed with
reference to a timng chart shown 20 in Figure 4. A power supply switch
(not showdiresti@meaf amevementhefr pRAESE BOt 86n ter dptade dher canera body
is then pressed as far as a first posrtkon. | n consequence, the first
switch 24StePPiNitMAPPT FOrvaEds BF cBACKWREABRess 25 det€tting circuit 23 |
I's thus activated to out put, 2_nunber of pulses of the clock signal - ?
CK1 correspondi dy S&FQ '?W*Eﬁ?néésrﬁﬁggﬁebgﬁbjégﬁ'ﬁé%§¥¥m%f%§¥%phed, the
brightpess_data .t hus obtéjnes_beiag_ﬁEOﬁed in.the counter .26. . The exposure
data memoPYiECrddd cPPRten, 31,789 bRey 8‘3&5?4‘8%"##&;5?’.13’1‘&*}1‘@& data
delivered f t.h t wLniqQr ' | atee 0_tRe . nunber of steps:
e oen B S £ o 0 BB ARAER, Bk 2™
" buttor. A set signal generating circuit 35fSets-£he= B
pulse generation circuits 28,29 in response-tQ;thef
operation of the switch 34. The drive-cirCuiE§T3éw_
10 respectively amplify signals output from thé:dutﬁﬁt :q'  g_)
termirals Q4 to Q4 of the stepping motor driVing.cifcuit
33 ani feed the amplified signals'to'the exciting coils
-Lq,L, of the stepping motor 12. 'The_time_ciréuit'37
sets CX/OFF periods for each of the drive circuits 36 on
15 the bzsis of the data concerning ON/OFF periods in the:
drivir.z pulse period for each step which is:stored in
the memory circuit 27.
The operation of the controller of FigurézS.will
now be described with reference to a timihg.chart-shown
20 in Ficure 4.

% power supply switch (not shown) is turned ON,
and the release button provided on a camera body.is then'
presse3i as far as a first position. In consequence, the

- first switch 24 is turned ON, and the;subjeétvbrightness

25 detecting circuit 23 is thus activated to:output a .



achi eve the required exposure and an interpolation quantity for
conpensating for the rotati'on of the 10 stepping notor effected on the
basj s of the nunber of steps, to the first and second down counters

31a, 31b, ghespectively, in the rotation node swi tching counter circuit 31 to
preset the§e down counters, thereby setting g¢posure data corresponding to
the detected-15 brlghtness of the subject to be photographed. After the
conpl etion of the above-described setting , the rel ease button is pressed

as far as the seapmbePOSE! pallses! BEC AN GUVIKE s iidifa 15\BR L e S d Spdnd 11es!
ON, and both the rotation node sw tching counter 20 31 and the

forwar d/ rever se sws tithé ngrightniess3dfaithe Budbjeetettamt pHotdirHstied | i tive
both the forward driving pul se generating circuit 28 and the reverse
driving pul se gertmrightnessrdatt 2huar ebdatined: deing gehuwreat eirputlees P and
Q respectively. The pulse switching 25 circuit 30 selects the pulses P
and outputs themceunter 261 3Ther exposurec dataemedbay citenitot2i i on node
switching counter 31.and to the stepping notor .driving circuit 33. At the
sane time, the tigwtBEsui en3theebasds: ofddhey brightnens iatmdalivered t
27 on the basis.of the 5 the subj ect brlghtness data output fromthe

bri ght ness det ectflrfﬂj' c‘rlF%u??uQQeﬁna al §B ke tégnoreladedde tdre HERATY ve

circuits 36. Every tine
oé’steps o? goLaElon of tge stepping motor necessary to

achieve the required exposure and an 1nterpolation i
quantity for compensating for the rotation of the
-/ 10 stepping motor effected on the basis of the number of
steps, to the first and second down counters 31a,31b,
| reépe:tively; in the rotation mode switching counter
circuit 31 to preset these down counters, thereby |
settirg exposure data corresponding to the detected
15 brigh:ness of the subject to be photographed.

Afﬁer the completion bf the above-described'
settirg, the release button is pressed as far as the
secor.Z position. In consequence, the switch 34 is
tufnéi ON, and béth the rotatibn méde-switching'counter

20 31 anZ the forward/reverse switching.cirCuit 32 are thus
‘reset and, at the same time, both the forward driving
pulse generating circuit 28 and the reverse driving
-pﬁlse generating circuit 29 are activatea to generate
'bulses f and Q, respectively. The pulse switching:

25 circuit 30 selects the pulses P and outputs them to the



energising tine data for conpensating for the effects of the |oad of the
spring 8 (Figure 1), the inertia of the 10 shutter 'mechani sm backl ash
attributable to the fit clearance, etc. is output fromthe nmenory circuit
27 to the-tinme circuit 37, and the stepping notor 12 is thus rotated one.
step forwardly, causing the sectors 4 48 open with a relationship sugh as
that shown by the solid 15 Iline in Flgure 4(a). At the same time;>the
first down _counter 3la is decrenmented one. More specifically, -in the
prior art fh §S§téﬂMﬁu?QHﬂQﬁrl§1GriOeﬁhﬂnFﬁtpﬁﬂgﬁsmpdﬁhéﬁéﬁfh&myg|sat|on

I's continued throu HOUt‘£ period as shown by the chain 20" line in Figure
4(b) and tFRePRFEFe gt%c%?ssHﬁEP{‘-Bgt ﬂ@tpﬁefiﬁlai&ﬂ CaxTidnt33 «of the

hut t d the fit, cl th b hown by the ch
e i n Bt Bha( Zpve, dAmes % o HiR. GHFFOE h:ﬁégsiéaiazw;pemi e

oo ASHERRRY oo O haRSEY bRy Crar b By BERERL 9100
e, 1611k OBYGEE, e 08 RSB Bei SHLCERQREFRI, Y, 1,
gf'hzﬁ'33?52&%*5‘2325ég??uﬂ;ﬁ%@p%&%fzétEeﬁﬂo#é £F,BoFYRHAEEER o oo
for thel“EE@&i.Q@e circuits 36. Every time one pulse ?_is,;nput,
energising time data for compensating fc:.the-effecﬁs of -
the load of the spring 8 (Figure 1), ‘the ine;tia;of the
10 shutter mechanism, backlash.attributable to'tbeﬁfi; P ;J
~clearznce, etc. is output from the memory circuit. 27 to
the time circuit 37, and the steppingzmcfor 12_is'thus.
rotated-cne step £o;ward1y, causing the sector$;4_to
open with a relationship such as that shown by.the solid
15 line in Figure 4(a). At the same time, the fifst_dcwn |
counter 3la is decremented_by_one;' _
More specifically, in the prior_att the stepping
motor. is driven with pulses P whe:eby energisation is
contirued throughout one period as shown by the chain
20 line in Figure 4(b) and'therefore hunting_occure dpe to _“J
the irertia of components of the shutter mechapgsm,and
the fit clearance ﬁherebetween as shown by the chain
line in Figure 4(a), resulting in non-unlform change of

the aparture diameter with respect to the elapsed t1me.

25 In the present invention, however, the memory circuit 27



coﬁrecting t he non-uni form aperture di aneter shown by the chain line in
Figure 4(a) into a uniformaperture 10 dianmeier shown by the solid |ine,

so that the sectors 4 are noved rapidly in the direction of arrow A On the
other hand, pul ses [err] and [err] are set with relatively short ON
periods fwag:.the purpose of sinilarly correcting the non-uniformaperture

di anmeter shown-by 15 the chain line in Figurt44(a) into a uni form aperture
di anet er shown by the solid line, so that the sectors 4 are noved gently in
the direction of arrow B. In this way, the operation proceeds, and when the
pul se [err] the n@eségnatss ON/OFF Peniods deet previonslgoinncahformity
pul ses whi ch has been preset in the first_down counter 3la, is input, the

i nterpol ation cl o¥RtEi §ha abrye-viesgribed fartereord sl cby sthe apglife

gate [err] with t e steppl not o pt rotatjn owards the final step. 25
When the |ast pul IE%W%ﬁ(égé}ﬁi é éhi%rd?ﬂ%dsﬁﬁ tore AuRber

preset in the second.co nter b, is the forward/reverse sw

circuit 32 is |nv§Fgé #%b|%uﬁ%¥ﬁ:1?4ﬁP1Rn§EF§v?% A EROER; ysgﬁgo
out put pul ses & a t| the rmerd/reverse switching circuit
32 switches the sfg éi%§?§T 5ne ng c dUlt 33 to the reverse drive

posi tion. In consequengg, JeR UG QL 1, P se SYi ARk BY sRLoULE 30

are input to the dr|V|ng circuit
o w1th relatively long ON periods for the purpose of

” corre:tlng the non-uniform aperture diameter shown by
'the’chain line'in'Figure 4(a) into a ﬁniform aperture
‘diame<er shown by the sclid line, so that the“sectors"4
are:meved'rapidly in the direction of arrow A. On the
other hand} pulses P,, Py, P; and Py, are set with
rélétively short ON periods for the purpose of similarly
cofre:tiﬁg the non-uniform aperture diameter shown by
:15"the'chain line in Figure 4(a) into a uniform aperture
" diamezer shown by the solid line, so that the sectors 4
are moved gently in the direction of arrow B.
| In thié'way; the operation proceeds, and when the
NI  "pﬁ1se"Pn;-the“number n of which is coincident with the
20 pumber of pulses which hae been preset in the first down
~ counter 31a, is input, tﬁe interpolation clock signal
CK4'is input to the second counter 31b and the gete G3
'Qith-the stepping motor kept'rotating towards the final
" step. | | . o
25’ | “ 'When the last pulse of the clock signal CK4,



33, and the stepping notor is caused to rotate in the 10 reverse !

direction, so that the sectors 4 are pivoted reversely tn synchronismwth.
the pul ses Q by the cooperation of the stepping notor and the

countercl ockwi se turning force stored in the position control spring_ 8.
Thus, the sectors 4 are closed. In 15.the case of the pulses Q alz8¢, ON
peri ods are designated by the ti.ne ciréﬁit 37 so that operation. _ -7
characteristics are conpensated for on the basis of the output fromthe

' b er- i Rt 0t e forward rotation
MENDry Cirgatdrrred! B¥ BfieS ATMBEDY p}geéé}l i1f es@éoﬂ&_.cc};@%ﬁ?@rt he éeclt or s

When the count of the Tirst counter a reaches zero-a

4 return tIMBeiHr ENpAES BB iR AdY RS d {ﬁ%‘ﬁﬁat%ﬁgypﬁ the

conpl eti on of the above-descri bed operation, s activated

through thies NANRgBE® borak o HABIUE tthd HuINE i cd fromthe 25
forward/ reverse switching circuit 32 and the inverted ' -~ 16 out put signal

fromthe @Rlmmaiit [20rtosoutbpat pulsescrgne At WHY dime asind £ hi put from
the OR gate 30c. Accordingly, the notor 12 is suspended, and‘t he rel ease
but t on 5 etfiquwand/ xercepsevswitchdingt icdrdui o[ swittchids dthe?4, thus maki ng
ready for a subsequent operation of taking a picture. Al though in the :
f or egoi ng s¥@RRing inptenedoivpngi cdscuid S rtecttie mesfentswmtdaivee ON periods
for the position. 1In cdnseqﬁence, the pulses Q from the pulse .
switching circuit 30 are input to_thé-drivin§ qig§ui£
33, and the stepping motor 15 ¢aused to rotate;iéfthe
10 reverse direction, so that the secto:s 4gare_pi§9tgd oy o/
reversely in synchronism witﬁ the pﬁlses Q,ﬁy_thg;;
cooperation of the stepping motor and the |
counterclockwise turning. force stored in thg'position
contrql spring 8. Thhs, the_sectors 4.are CIpsgd.j In
15 the case of the pulses Q_also, ON périods are §e§;gnated
" by the time circpi§ 37_so that operation_char&c;g:isticS
are compensated for on the basis of the output from the
memory circuit_27 in the samé_way as in the case of the -
. forwarc rotation. When the count of the first counter w)
20 31a reaches zero again, the sectors 4 ?etu;n toi;he |
._p;gvioqs positions to ¢lose_the_optica1 pé;h,
Upon the completion of the above-described |
operation, the AND;gate 30b is.activated th:éggh,the
NAND gate G4 in response to the outpuf signal frbm the'

25 fo:wé;d[reversestitching circuit 32 and the_invérted.



pul ses [err] and P8 are increased while the ON 10 periods for the pul ses
[err} and P10 are reduced, the present invention is not necessarily
linmted thereto, and the direction in which correction i's nade, the extent
to which a particular pulse is corrected, etc. may be decided on the basis
of data set.in the menory circuit 27 with experlnental operation

charact eri st ircs. bei ng taken into consi deratioh® Further, it |s al so
possible to set constant ON OFF periods for all the. pulses |ncrease or

SFS? Cerert ot co oPoERGH ARALOErR ke o it sé’fﬁféaf;ew FEvPESHor
W thout ki ng CoPPAYESh BHToR ”*-Lisgu%ué $28n BE S BakE F0BE0 wbove 1
relation to the  ackl-STHyIENnndfis P £oP0 L INEIALET 1Bl ORLI 0d5L0L

predeterm ned pulses are ed ITn conformty on

characteristics oggiwggﬂyggdy gﬁg&ﬁgﬁéﬂ@ré¢ﬁgggypg§¥tggnugbfgégﬁtgﬁechange

of the aperture 5 di aneter mnt respect apsed tinme 1n the process of
opening the segt OggidRs 2450 HRULNMdK NG tf@a&waESatQuws@aéﬁtsa?ekauon

Accordingly, it is p055|ble to effect high-precision exposure control with
respect to the.. of taking a picture. ' : :
~Although in the foregoing description the ON
periods are corrected such that the 0N periods for the
pulses FP3, Pg, Pg and Pg -are increaséd while the ON
N 10 pericas for the pulées Py, Pyy Py and P40 are reduced,
the gresent invention is not necessarily limited
“thereto, and the direction in which correction is made,
‘the extent to which a particular pulse is corrected,
etc. may be decided on the basis of data set in the
45 -menory circuit 27 with experimental operation |
characteristics béing taken into consideration.
Further, it is also possible to set constant
~ OK/GFT periods for all the pulses, or increase or
o . decrezse the ON/OFF periods in conformity with the
| 20 operation characteristics of each individual shutter
mechanism.
Moreover, 1t is not always necessary to correct
the pulses Q if the operatlon is established without
makins correction thereof.

25 ' | As has been described above in relation to the



subj ect brightness. In addition, when a picture is 10 taken using fl ash, it
is possible to synchronise the shutter with the flash bulb at an opti nal
aperture di aneter corresponding to the subject distance. Thus, - .
hi gh- preci sion control can be effected. Since the novenent of. the sectors -
is snooth, the. 15 reliability in the, exposure operation can be enhaﬁbed
When the shutter is not in use, the sugply of . power to the drlye “Circuit
which has a relatlvely high rate of power consunption is cut off

Ther ef O €ambba glep&sgfbh%sue ‘I?an\;%ﬁ ﬁgsu&gtbgplﬁaf é}ery power 20

and hence® prOV| a sma anera uses S 'zed battery.

o aper%\éﬁyge}mmed* pHLMd LT B UL SEL 6O Ph! ShilflorageLopgthel | ning 2

uring an- exposure operation; a reversi eppI Ng, nmot or

for openi ffe 288erh®3ioRd cHtirth SESE 1E 81 cH G 2 KONEhRELESChEEAah Ry di NG
arithmetic circuit neans for cal cul ating an exposure correspondlng to

bri ght nesghéfeBysShakanlg unilfom A clidiege 6PUEhé NgpdReagel Or determ ning
t he nunber of steps through which said 10 stepping notor should be rotated

i n accor dibameverhwilth ealspdct db alupdedl t EngObNI Ehe Ppr66eskr 668i t neans -
for outputting pul ses having a predeterm ned period for
' opening the sectors and also permitting the sectors to
operate smoothly. Accordingly, it is possible to effect
high-precision exposure control. w1th respect to-the
subject.brzghtness, In addition, when a plcture_is
10 take:”using flash, it is possible to synchronise the . | s
 shutter with the flash bulb at an optimal aperture'
~diameter corresponding to the subject,distanceuﬁ-fhus,
high-precision control can be effected.
Since the movement of the sectors is smooth, the
15 reliability in the exposure operation can be enhaﬁced?
When the shutter is not in use, the supply of
power to the drive circuit which has a relatively high
rate of power.consumption is cut off. Therefore, it is
possible te suppress the consumption of.battery-pewer _ \U

20 ar.é hence provide a small-sized camera which;useS‘a

smali-sized battery.

25



dﬁiving said sectors in correspondence with the nunber of steps determ ned
by said counting neans; a‘tine circuit for setting OV OFF periods in said
pgriod of the pulses output fromsaid pulse circuit means on the basis of

the data,obtained fromsaid arithnmetic circuit neans; and—driving ciTcuit

means fomi,selectively rotating said step ing notor forwar

I n response~to the 20 pul ses output from sang pul se circui T“Eﬁ u nﬂj T“l

shutter nmechanismas clained in claiml in which said arit e . .

means includes a brightness detecting circuit for detecting the brightness

of an object to be photographed. 25 3.° CLAIMButter nechani sm as cl ai ned
in claim2.in which ~said arithmetic circuirt nmeans includes nenory neans
for storing stepping notor driving data corresponding to a plurality of
brightnesses, and a counter circuit for counting .the output of the

bri ght ness det edtsi ng A rehitter meeharbshdragPEAséngpusecsorsedefdning a

nmeans. 4. A shutter mechanismas clained in any preceding claimin I ch

the pul se circuieNfeARETHIT¢ RUring 3R e¥RPSBrEchBRERLAGNE | RcHPVeFSLble

generating pul ses tpr,drivingtge ste ing nnéor.in,one dLrectign and a

second 10 p6l s&tGERINE ML QK (PP LIRE 2P FLES AP sBR1f PegGErTAig e

stepping notor in.the reverse direction..5 A s? ttet .mechani a | @i ned

in any precedin&_&9£ $11%ﬁﬁ%ﬁ99kﬁpf£#§%n%i?fb #mﬁgéﬁscﬁgchfgﬁ§§8%t§°r

h:-dalculating'an”expOSure corresponding to brightness of a
subiect to be photographed,'counting'meaﬁs for
‘determining the number of steps through which said'

10 sterzing motor should be rotated in accordance with the
calc:lated amount of exposure, pulse circuit means for
‘outrutting pulses haVing a predetermined period for
driveng said sectors in correspondence with the number
of steps determined by said counting means, a time

15 circiit for setting ON/OFF periods in said period of the
pulsss output from said pulse circuit means on the basis
"of t-e data obtained from said arithmetic circuit means;
and Zriving circuit means for selectively rotating said

-/ “sté;;ing'motor-forWards and backwards in response to the

20 Ppulsss output from said pulse circuit means.
2. A shutter mechanism as claimed in claim 1 in which
sai¢ arithmetic circuit means includes a brightness -
detecting circuit for detecting the brightness of an

objezt to be photographed.

25 3. A shutter mechanism as claimed in claim 2 in which



produce pulses with differing ON periods. 6. A shutter nechani sm as
claimed in claim5 when dependent upon claim4 in which'the first pul se

generating circuit is arranged to produce pulses with-inereastng ON

periods. 7. A shutter nmechanismas clained in claim5 when 20 d ndent-

on claim4 or claim6 in which the second p Hr ircuit uz?
arranged to produce pul ses with decrea$fng mmﬂmmﬂ H’|“1 A shutter
nmechani sm substantially as herein described Wit h rbfeﬂence to and as shown

in the 25 acgconpa drawj ngs
said g%ié&mé%lc c1r§h1t means. includes memory means for

storing stepping motor dr1v1ng data corresponding to a
plurality of brightnésses, and a couhter circtit for.
counting the output of the brightness detecting_ci;cuit
5 and providing an output to the memory means.
4. A_shutter_mechanism as claimed in any .preceding
. clair in which the pulse circuit meaﬁs.includes a fifst
pulse generating circgit for generating pulses for .
driving the stepping motor in one direction and a_sécond'
10 bulse generating circuit for generating pulses for .
driving the stepping motor in the reversé direction.
5. - A shutter mechanism'as claimed_in any preceding
clair in which the pulse circuit means is arranged to
produce pulses with differing ON periods.
15 6. A shutter mechanism as claimed in claim 5 when
depenﬁeut‘ﬁpon claim 4 in which the first pulse
generating circuit is arranged to produce pulses with

increzsing ON periods.

7. . A shutter mechanism as claimed in claiﬁ_S.when \o/

20 dependent on claim 4 or claim 6 in which the second
pulse generating circuit is ar:énged to produce pulses
with decreasing ON periods.

8. A shutter mechaniéﬁ substantially as herein
described with referenée:to and as shown in the

25 accorpanying drawings.
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