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TITLE OF THE INVENTION '

PHOTOE'LECTRIC SWITCH
BACKGROUND OF THE INVENTION
Field of the Invention .
Thé présenf .invention " relates to a
photoelectrif: switch, and in ' particular, to a
photoel_ectric switch including a light projecting circui'E

which can be changed over to increase an amount of

projected light in occasions such as in adjustment of an

optical axis and further to a photoelectric switch
associated with optical fibers in which a projected
light is introduced to a sense position by means of an
optical fiber and a transmitted light or a reflection light
thereof is delivered fr;)m .the sense position to a light
receiving element by use of an opticai fiber.
Description of the Prior Art

Heretofore, in a ;ight projecting circuit of an
photoelectric switch, a light-emitting diode (LED) is used
as a light projecting elemeﬁt. The LED is connected to a
resistor for 1Iimiting a current flowing therethrough and
a. transistor as a- driver thereof. The transistor has a
base, which is supplied with a pulse signal from an
oscillator so as to be turned on and off in response
thereto, 'thereby ‘resultantly blinking the LED by use of
the pulse signal. The photoelectric switch of this type

can be used in a wide range of environmental temperatures
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associated with optical fibers in which a proj
i ntroduced fo a ¥ense position by nmeans of an optical
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Description of the Prior Art Heretofore, in a light projecting circuit of
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increased. In éonsequence, the driving current of the
ligﬁt projecting LED has a limit -;ssociated with a rated
current _developéd at an upper li;nit of the environmental
temperature (I, of FIG.. 8).

In the. conventional photoelectric switch, the
rated current obtain_éd at the wupper 1limit of the
enviromﬁental temperature Limits the 1light projecting
current. Consequently, the : amount of the 1light thus
projected from the LED is not sufficient. Even when a
red-light LED is employecj, a position of a beam of lights
is not easily determin_ed and hence there has been a
problem that a considerably 1long period of time is
necessary to align a light axis, for example, in a light
receiving section.

On the other hand, in a éhotoelectric switch
employing optical fibers in which the fibers connect a
sense position to a sensor unit, for exampie, as shown in
FIG. 14, a light projecting element 6 of a sensor unit
101 is intermittently driven (with pulsated signals or
pulses) by means of an oscillator circuit 103 so as to
¢eliver a light emitting oufput from the 1light emitting
element 6 to a 1light projecting optical fiber 7.
Disposed to oppds;e an end surface of the optical fiber 7

is an end surface a 1light receiving optical fiber 8.
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as'a light projecting element. The LED is connected
limting a*urrént flow ng therethrough and a transi
thereof. The transistor has a base, which is supplii ed

si gnal frBaroughoddid | epbicad £iber b8, t @ Atghorei delivesshersas
thereto, thereby resultantly blinking the LED by use of the pul se signal.
The phot oetectbec senked obyt hiss typghtanréeeioeflgi Nnedemede r age wHich
envi ronnment al t enperat ures

converts the light signal into an electric signal to be

processed through an amplifier. circuit 106, a detection
circuit 107, and a waveform shaping circuit 108. The
electric signal is thus converted into a rectangular wave
to be outputted as an object sense signal via an output
circuit 109 and to an indicator lamp 110, which thus
indiéates a sense state of. an obiject. In the
conventional photoelectric switch using optical fibers,
since- the optical fiber has a small diameter and is
fléxible, such a photoelectric switch is arranged in a
position where the ordinary photoelectric switch not
employing the optical £fiber c¢annot be easily installed.
In this arrangement, the optical fibers 7 and 8 are
extended from the sensor uriit 10.1. With the provision of
" this configuration in which an optical system of the
photoeléct_ric switch is constituted with optical fibers
having a .small diameter, it is possible to sense a fine
or very small object.

However, _in the photoelectric switch adopting
the optical fibers as described above, since the end
portions of the optical fibers 7 and 8 are separated from
the sensor unit, in én alignment of optical axes of the
optical fibers and in a position alignment to adjust a

distance to an object, it 1is necessary to confirm the
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unit .101 disposed at a location separated from the end
portions gﬁ_the optical fibers 7 and 8. Consequently,
when the éensing position (éssociated with the end
positions of the optical fibers) is apart from a location
of the sensor unit. or when a.fine'adjustment is required
in .the Se£ting of the .apparatus, there has been a
disadvantage that the adjustment takes a long _period of
time.
SUMARY OF THE INVENTION

It is therefore an object the present invention
tolprovide a photoelectric switch in which an amount of
light is increased when adjusting an optical axis to
facilitate an alignment of a beam position.

A technical problem to be solved in accordance
with the present invention devised to cope with the
problems of the conventional photoelectric switch
employing optical fibers is to confirm an operation state
at end portions of the optical fibers.

In accordance with the present invention, a
light projecting circuit of a photoelectric switch
includes a 1light projecting element, a driver circuit to
drive the light projecting element by use of pulses, and
switch or change-over means for -i'ncreasing or for
decreasing an amount of the 1light projected from the

light projecting element.
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current devel oped at an upper limt of the envi ron ' : A of

- FIG 8), In® the conventional photoelectric swtch THS, % r gnt
obtained at the wupper limt of the environnentjal teMiera] Pp_Jj lts

- the:light projecting cuftdidrd clUeeaguendsfy, ant hELERMOuSt dE¥ndfellyi ght
thus projected fromthe LED is not sufficient. Even when a red-1light LED -

i's enpl oyedgudeBOSid | Shown 2iReaRO! gbhBRt Sof FI1G. 8. Assuming the
environmentél temperature of the LED integrally arranged
in the optical switch to be limited to an upper limit T,,
the forward currént to be developed is required to be at
most I,,. However, tﬁe ‘environmental temperature is set
to a usual temperature T, at which the operator can
achieve operations, the forward current £flowing through
the LED maf be set to I,, which is greater than I,.

In the light projecting circuit of the
photoelectric switch according to the present invention,
when adijusting an optical axis, the system increases, for
example,- the lighi: projecting curfent to dewvelop a
greate:_r: amount of ligh_t thus projected. In contrast
thereto, when achieving an ordinary operation, the switch
means is used to reduce the projected 1light. In the
ordinary operation, the amount of projected 1light is
substantially equal to that of 1light pfojected from the
light projecting circuit of the conventional
photoelectric switch.

In accordance with the present invention, there
is provided a photoelectric switch having a light
projecting element to emit a wvisible light therefrom and
a light receiving .element to receive the emitted 1light

such that the light projecting and receiving elements are

respectively provided with a 1light projew
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is not easi Ly determ ned and hence there has been a pr Eﬁ@fﬁHctﬁl‘? Abadt
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for exanple, in a light receiving section. On the ot her hand, in a
phot oel ect fiibeswi Bold eaplldghty recedptiingal optbead ifibdr chtt heefpbetive

connect

a sense position to a sensor unit, for exanple, as shown in FIG

14, a |lightedd Opeetibase! @iBrdof @l 2a8ENSPM sdlkk an object depending

on a ievel of 1light received by the 1light receiving
element. The photoelectric switch is characterized by
including decide means for determining an amount of light
obtained from the light receiving optical fiber for each
first predetermined period and light project means for
chang:_’.ng a number of pulses per a unit period of time
from the iight projecting element based on the decided
amount of 1light thus determined by the decide means,
thereby intermittently driving the light projecting
elément. |

In accordance with the present 'invention, when
aligning 'optical axes of the optical £fibers, the 1light
projecting element is intermittently driven by the 1light
projecting means and then the amount of light .attained
from the 1light receiving optical fiber is determined for
each first predetermined period by use of the decide
means so as to vary th.e numbe;' of light emitting pulses
of' the 1light projecting element based on the obtained
light amount. In consequence, as the optical axes
approach the aligned positions in the oétical axis
alignment, the intensity of the 1l1light beam emitted from
an end surfacé of the light projecting fiber is increased.

The decide = means favorably comprises an

integrator circuit for integrating the receive signal
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an osci|lator citcuit 103 so.-as to deliver alig Té%SHEBgmgt
| i ght emttlng elenent 6 to a |Ilight prOjeCtI‘
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recei ving optical fiber 8.
predetermined period and a comparator circuit for

comparing - an output _ from the integrator circuit with a
predetermined threshold value. The 1light projecting
circuit includes an oscillator circuit for oscillating a
signal at a second predetermined period, a frequency divider
circuit for a frequency of the oscillation output from
the oscillator circuit, a synchronization circuit for
producing a 1logical product or an ANDed result between
an output from the comparator circuit of the decide means
and the oscillation output from the oscillator circuit,
and ~a driver circuit for driving the light projecting
element based on the logical sum or ORed result obtained
between an ouptut from the synchronization circuit and an
output from the frequency divider circuit.

The receive signal is integrated for each first
predetermined period by use of the integrator circuit
such thaf the comparator circuit produces a compariéon
output having a signal width associated with the amount of
the receive 1light. By using the resultant signal
as a gate 'signal, when an oscillation signal is supplied
to the 1light projecting element, the number of emitted
pulses per the unit time is altered, thereby changing
the intensity of the ligﬁt beamn.

The light projector circuit may also Dbe

constituted with a voltage/frequency (V/F) W
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3 Through the optical fiber 8, a light signal is £M$ E-PQA@BEEN}e
sensed by a light receiving element 9, which conv %f’E!fLP@ED sign I
an electric signal to.be prociessed t hrough an anp

det ect i onCeRVeLting 072 ave
electric signal is thus converted into a rectangul ar wave

tégem/avéﬁarﬁﬁeghapsng= &i r cdight 1083m°‘41h§

determined by the decide means into a low-frequency signal
having a frequency corresponding to the voltage and a
dri%rer circuit for driving the 1light projecting element
based on an output from the voltage/frequency converter.

The 1light projector means is provided with a
voltage/frequency convertér so that based on an amount of
the receive 1light, the intermittent frequency of 1light
at a visible level is changed by use of the
voltage/frequency converter. |

'In accordance with the present invention, as
described above, when aligning optical axes at end
portions of the‘ optical fibers, the alignment of the
optical axes\ can be checked depending on the axﬁount of
light emitted from the light projecting optical fiber or
on the frequency of the blinking. Consequently, the
indication on the sensor unit need not be confirmed for
the: purpose above. Namely, ..the confirmation can be
accomplished by the light at the end portion of the
optical fiber, As a result, the operation to align the
optical axes of the optical fibers is Ffacilitated, which
leads to an advantagéous effect that the operation can be
easily confirméd.

BRIEF DESCRIPTiON OF THE DRAWINGS
These and other objects and advantaées of the

present invention will become apparent by reference to the

into
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to be outputted as an object sense signal via an o t@mSQJ{EmHASBEA_—l dto
an indicatior |anmp 110, which thus indicates a sensg stat ggpLAGBDOD] ec
In tHe conventional photoel ectric switch using >
t he opti Elliowicg EesScrinfuidt ARGeReeomPRNY 5ng | dxawiRgs syargin:
photoel ectric switch is arranged in a position where the ordinary
phot OF: egt ric swt®icwtleds ogi sghematdgt ichtcdibediegramt showing | ¢
i nst al | ed.

light projecting circuit of a photoelectric switch as a

first embodiment in accordance with the present invention;

FiG. 2 is a cifcuit diagram schematically
showing a specific example_of_ a pulse driver circuit of
the light'projecting circuit of the first embodiment;

FIG. 3 is a graph showing waveforms useful to
explain operations of the light projecting circuij: of the
first embodiment;

FIG. 4 'is | a circuit diagram showing a light
projecting circuit Of. a photoelectric switch as a second
embodiment in accordance with the présent invention;

FIG. 5 is a graph showing waveforms useful to
explain operations of the light projecting circuit of the
second embodiment;

FIG. 6 is a circuit diagram showing &a pulse
drive.r circuit of a photoelectric switch as a third
embodimen{: in accordance with the present invention;

FIG. 7 is a graph showing waveforms useful to
explain operations of the third embodiment;

FIG. 8 is é. graph showing characteristics
devélopéd between environmental temperatures and forward
current values developed in an LED; |

FIG. 9 is a block circuit diagram showing the

constitution of the primafy portion of a photoelectric

-9
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sensor »unit 101.° Wth the provision of this co I gur gepPACED Whi cfp an
optical system of the photoelectric switch is c - cal

fi bers havisgitchmabsidganeptisalt Eibeossi bse 40 Smnsth a dnbudimentr yin
smal | object. However, in the photoelectric switch adopting the optical
fibers as dggeebr@afcabqien shacprelentNdnvention;

In this arrangerrent the optical fibers 7 and 8:}

FIG. 10 is a timing chart showing operations of
the switch of FIG. 9;

FIGS. lla to 1llc are diagrams showing alignment
states of optical axes at the ends respectively of the
light receiving and projecting optical fibers:;

FIG. 12 is a block circuit diagram showing a
photoelectric switch using optical fibers as a £ifth
embodiment in accoréance with the present invention;

FIG. 13 is a timing chart showing operations of
the switch of FIG. 12; and

FIG. 14 is a block circuit diagram
schematically showing a conventional photoelectric
switch using optical fibers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, description will
be given of an embodiment of a photoelectric switch
according to the present invention.

FIG. 1 is a circuit diagram snoﬁing a light
projecting circuit of a photoelectric switch as a first
embodiment in accordance. with the present invention. In
this configuration, cbnnected betweeri a power source +V

and a ground potential GND are an LED 2 for projecting

light, a resistor R,, and a transistor 3. These
components are connected in series. The transistor 3 has
10 . Sheet Has Been Replaced
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portions of the optical fibers 7 and 8 are separa : sef uni t,
in an alignnment *of optical axes of the optical fi eirﬁ‘sag}qtam-msBEENt.on

alignment to adjust a distance to an object, it ig rmthe

4 . a base to be supi‘é;lied with a pulse : pulse
driver circuit 1. . FIG. 2 shows a concrete circuit
example of the pulse. driver circuit 1. This circuit
st;'ucture has been commonly known. Returning to the

circuit diagram of FIG. 1, in parallel to -a series
circuit including the resistor R, and the transistor 3,
there isl connected a series circuit constituted with a
resistor R, and a switch 4.

In this circuit constitution, when the switch 4
is set to OFF, the transistor 3 is turned on, as shown in
the left portion- of the graph of FiG. 3, each time_a pulse signal is
received from the pulse driver circuit 1. As a result, a drive
current flows therethrough so as to turn the LED 2 on.
When the switch 4 is set to ON, the resistor R, is
connected in parallel to the series circuit including the
resistor R; and the transistor 3. In consequence, a
direct current ( d_c)_ I, flowing through the resistor R:
is é&ditionally applied to the LED 2. Namely, the drive
current includes the direct current I, and the éulse
current superimposed the'r.'eonto as shown in the right
portion of the graph of FIG. 3. As a result, when the
switch 4 is turned on,. the amount of emitted 1light
develops a maximum value.

In this emf:odiment, the operations to turn the
switch 4 on and off does not influence the alternate

current (ac) component of the waveform of the current
R
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bl i hki ng state of the indicator lanp 110 of the s ”ﬁﬂés' E?H%@ngﬁ
a | ocation’ separ‘at ed fromthe end portions of thejjopti pif Adias

Consequently, when the sensing position (asso
posi tions a&sbheatpd calithi behe) psodeated r dight.ocat iNamedfy,t heors e nishoe
unit or when a fine adjustnent is required in the setting of the apparatus,

there has beghta rhcadyaiy agegkhatrddeqdadidenpbidnt akeh dd OpemBoed0thypf

use of a differentiation circuit or the other circuits
and hence the sensitivity of the system may be adjusted
with the 1light amount kept incfeased; In addition,
since the interval between 1light projections is fixed,
the response speed is also kept reﬁained, thereby
obtaining a condition identical to the actual utilization
state.

FiG. 4 is a circuit diagram of a 1light
projecting circuit of a photoelectric switch as a -second
embodiment in accordance with the present invention. In
the light projector circuit of this embodiment, there are
connected, between the power supply +V and the ground:
éotential GND, a series circuit including an LED 2,
resistors R, and R,.. .and a transistor 3. The transistor
3 has a base to be supplied with a pulse signal also from
a pulse driver circuit 1. The resistor R,, is connected
.to a switch 4 at both end thereof, which forms a short circuit across the
resistor R;.. The switch 4 is disposed to change over a
magnitude of the pylse driving current.

In the circuit configuration of this
embodiment, when the switch 4 is turned off, the circuit
which flows a drive current to the LED 2 is connected to
current limiting .resistors R, and R,.. Since these

resistors develop a relatively great resistance, the

1 2
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tine. SUMMARY OF THE INVENTION It is therefore an qW@gHEEﬁQAQrmm
i nventi.on to pI’OVI de a photoelectric switch in whjch amermaeed of | {jght is
i ncreased when adjusting-an optical axis to facillree—ar—agrrer—of a

beam posit laghtA tpardjdctbingr @urarerito hiss sadMagined acaor dehnen Wi ifh t Hige
present invention devised to cope with the
waveform on the left-hand side of the graph of FIG. 5.

When' the switch 4 is set to ON, i:he resistor R;, is
‘connected to a short circuit thus established and hence
the level of the light projecting current flowing through
the LED 2 is increased. Namely, the amount of projected
light becomes to .be greater as compared with that of
light projected when the switch 4 is in the off state.

FIG. 6 4is a circuit diagram showing a pulse
driver circuit for a 1light projecting ‘circuit in a
photoelectric switch as a third embodiment in accordance
with the present invention. In the general pulse driver
circuit .shown in FIG. 2, the pulse signal delivered from
an output terminal O; has a pulse width which depends on
a value of C,, x 'R.s and a pulse interval which depends
-.on a value of C,;, x R;;, where C,, is capacitance of the
capacitor C;;, and R;; and R,; are resistance values of
the resistors R,; and R,,, reépectivel‘y. Consequently,
in the configuration of FIG. 6, a registor Riia is
connected to the resis_tor R, in_ parallel so as to
configure the circuit system such that the connection of
the resistor R,,. is established and -disconnected by
turning a switch 4a on and off. Althocugh not shown in
this constitution, in the 1light projecting circuit, there
is comnected a series circuit including an LED, a

resistor, and a tramnsistor between the power source +V
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problens  of the.  conventional phot oel ectri i—_“"""""""_” --------- =

optical. fi bers is to confirman operation state al Bﬁﬁ&biEEﬂ’ll-mﬁ:'sBEﬁNt e

optical fibers. In accordance with the present i nj ent [ dREPla\GE[ght

proj ecti ngnd ctheugrounfl potéitiotale|! 6NDLI ¢ The\i tehNEISEONCI S

projecting element, a driver circuit to drive the |ight prOJectlng el ement

]py use of yayhses, pﬁil%es%iéﬁalordeﬁ\?é‘ﬁfa O¥ebm 'BRNButhbAE ﬁéﬁﬁﬁ@él ng, or
or

of the pulse driver circuit.

In this circuit, when the switch 4a is set to
OFF, the pulse interval is determined by the values of
C.. and R,, las shown in the left-side portion of FIG. 7.
When the Switch 4a is "turned on, the regis;tor Ri:a is
connected to the resistor R;; in parallel and hence the
pulse interval is represented as C;;, x [R,;'R;;./(Ri;, +
'Rlz.)]- Namely, the pulse interval is reduced as shown
in the right—ﬁand side of FIG. 7. The number of pulses
per the unit period of time is increased, which leads to
an increase of the amount of emitted light.

Also in this embodiment, 1like .in the first
embodiment, the 1level of the pulse current is kept
ﬁnchanged regardless of the operations to turn on and off
the ;witch 4a. In consequence, the sensitivity can be
adjustéd with the light amount kept increased.

In -accordance with the present inventionl, there
is disposed switch means _capable of increasing or
decreasing the amount of light emitted from the -1ight
projecting element. _Conseqﬁently, in én operation to
adjust optical axes, the switch c¢an be operated to
project the 1light of which the a;nount is greater than
that of the 1light projected in the ordinary operation.

As a result, the beam position can be easily confirmed
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decr easi ng an anmount of the |ight project ed fr I ng
element. < A fdrward current of an LED is gen ramsySHmuMBEENs own in

t he gréph of FIG 8. Assum ng the environnentlal terpgpLACEDPe of §he LED
i ntegral | yard #1904l the opticdl axis adjustment itated.
FIG. 9 is a block diagram éhowing a

photoelectric switch e;nplofring optical fibers as a
fourth embodiment in accordance with the present
invention. As can. be seen from this configuration, a
photoelectric sw.itch - 10 employing optical fibers
includes a circuit block 101 operative in the ordinary
mode to detect presence or absence of an object, an
operation indicator lamp 110 +to indicate operations
thereof, and a circuit block 20 to be operated to align
optical axes. The.._ change-over between the ordinary mode
and the optical axis alignment mode is accomplished by
means of a change-dver switch 5 arranged on a panel of
the photoelectric switch. Either one of outputs from the
circuit blocks 101 and 20 is fed to a light projecting
element 6 depending on the state of the change-over
switch 5. The light projecting element 6 emits a wvisible
light in response to a signal produced from either one of
the circuit blocks 101' and 20. The emitted light is fed
to a light projecting optical fiber 7. Like in the case
of the conventional example above, an end portion of a
light receiving optical fiber 8 is disposed to oppose an
end portion of the light projecting optical fiber 7. The
l.ight receiving opticai fiber 8 is used to conduct the
light from a sense region to a photoeiectric switch 10.
The opticall fiber 8 is connected to a lilght receiving
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inthe optical switch to be limted to an upper
current to’be déveloped is required to be at m) t”‘['@ﬁ"&
environnmental tenperature is set to a usual er at U

oper at or CaN AHIEWE AP Ald O g tﬂbe:J;erY"a{ zcé‘ fe”tAflﬁMﬂ"%hnﬁgféﬁ‘ Pﬁme

LED may be set to [err Ich 1s greater t err]
proj ecting C|rc of t.h t oel ec r|c s tch according to the
present i n\f/:gﬁtl t projectlng t.5.ement é V%ta:.ne& Pr 1911 sense

region is received by the light receiving element 9 so as
to _be. converted therein into an electric signal.  The
light receiving element 9 delivers a resultant signal as
an output therefrom to the ordinary-mode block 101 and to
Ehe.optical axis alignmeht circuit block 20.

The configuration of the ordinary-mode circuit
block 101 is identical to that of the sensor unit (FIG.
14) of the conventional photoelectric switch employing
optical fibers described above. In consequence, the
constitution thereof is not shown in FIG. 9. A
description will next be given of the optical axis
alignment circuit block 20. _ This circuit block 20
includes an oécillator circuit 11 oscillating at a
predetermined period. The oscillator 11 delivers an
output to a fi‘equency divider circuit _12- and a
synchronization circuit 13. The freguency divider 12 divides
the frequency oscillation output, for example, by four and supplies
an output to a driver circuit 14. The 1light receiving
element 9 produces a receive sigr;ai", which is then
amplified by an amplifier circuit 15 ss.:- as to be fed to a
synchronization circuit 16. ..Th'e synchronization circuit
16 is supplied with the frequency divided output from t.h'e
frequency divider 12 such that the amplified output is

further delivered therefrom to an amplifier circuit 17 by
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when adj usting an optical axis, the system i ncreabgsys EAEERKASBEEN [/t he
l'i ght .projectifg current to develop a greatgl amMRAWLACED ligtt thus
pr oj ect ed. In contrast thereto, when achi evi ng=—m—erdiraFy—operat i on,

the switchug®ags the Useshublcy fdufded Batpu® eakedd i ghlte sigmdle orgjenar y
operation, the anount of projected light iss substantially equal to that of

|1 ght proj geLedei LOMING1ON 7 GWAYd "In anfti®lda ocubbut, Wificn

conventi ona

is supplied via an integrator ci_rcuit 18 to a comparator
circuit 19. The comparator circﬁit 19 is provided with a
predeterminedvlthreshold value Vrefl set thereto so as to
supply the synchronization c¢ircuit 13 with a signal
exceeding the level of the l_threshold value Vrefl. Based
on the comparison output as a gate signal, .the
synchronization circuit 13 creates a synchronization
signal based on a logical product bef.ween the comparison
outpﬁt and the oscillation output, thereby delivering the
resutant signal to the driver circuit 14. The driver
circuit 14 produces a drive signal based on a logical sum
obtained Dbetween thé output from the frequency divider
circuit 12 and the output from the synchronization
circuit 13 so as to drive the light projecting element
6. Incidentally, the amplifier circuit 15, the
synchronization circuit 16, the amplifier circuit 17, the
integrator circuit . 18, . and the comparator circuit 19
constitute decide means for determining an amount of
light received by the light receiving optical fiber 8 for
‘each predetermined period. On the other hand, the
oscillator circuit 12, the frequency divider circuit 12, the
synchronization circuit 13, and the driver circuit 14
configure 1light project means for intermittently driving

the 1light projecting element 6 by chaging the number of
S
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photoel ectric switch. In accordance with the presg €
provided a photoelectric switch having a |If M’S%ﬁ{'éé%ﬁr@f@! d
emit a visible light therefromand a light receiviing elRFACED recdli ve the
emited |i g1 se€hemidielh@Ha@ ¥ rd O] €6birNy Ak CGALY! e rAJITEHES tame
respectively provided wwth a |ight projecting optical

based on the determined light amount.

Next, a descript-ion will be given of operations
of _this embodiment. Referring now to FIG. 10, the frequency of the
oscillation output £from the oscillator cj.rcuit .11 is
divided by the frequency divider circuit 12 by four. Based
on a logical suin computed between the frequency divided
output and the output from the synchronization circuit 1.3
which will be described 1later, the driver circuit 14
drives the light projecting element 6. As shown in FIG.
1la, in a zonme of time Tl in which the optical axis at
the end portion of the 1light projecting optical £fiber 7
is not aligned to that of the 1light receiving optical |
fiber é, the light receiving element 9 .is supplied with
few output signals. In consequence, the output £from the
amplifier circuit 17 develops a value in the neighborhood
of zero. The integrator circuit 18 therefore produces an
output, which is below the threshold value Vrefl of the
comparator circuit 17. Resultantly, the light projecting
element 6 is driven for each predetermined pericd only by
the output. from the frequency divider circuit 12. Namely, in
this state, the light is émitted at a low level for the
operator adjusting the opi:ical axes.

When an optical axis adjustment is conducted
under this condition to substantially establish an

alignment of the optical axes of the light projecting anad
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6 fiber and a |ight receiving optical -fiber at résp -------- d=—portions.
thereof so’as t6 sense an object depending on a | evd $H’@TTHA§§EEM9
the Iight receivi ng el enent . The photoel ectric #w tchREPEAcE@r actefi zed

the output si-gnal received from the 1light receiving
eiement 9 is amplified through the amplifier circuit 15
and the synchronization circuit 16. This time zone is
designated as T2 in FIG. 10 in which there is obtained
from the amplifier circuit 17l an output amplified in
association with the amount of the received 1light. The
resultant signal is integrated through the integrator
circuit 18. At a point of time t. when the integrated
value exceeds the predetermined threshold value Vrefl,
the comparison output is produced. In consequence, the
syﬁchronization circuit 13 outputs a signai developed
when the comparison output matches with the oscillation
output so as to suppiy the signal to the driver circuit
14. As a result, the amount of light emitted for each
unit of time is increased, which enables the operator to
recogniz-e fhat the er_1d portion of the 1light projecting
optical fiber 7 emits the light with a higher intensity.
Consequently, comparing with the state of FIG. 1lla in
which the optical axes are not aligned to each other, the
operator can gradually establish a complete alignment of
the optical axes.

Furthermore, as can be seen from FIG. 1llc, when
the optical axes are finally alignec_l to each othei (in a
time zone T3), the amplifier circuit 17 generates an

output at a higher level and hence the i_ntegration output

\m\\\\ i



obt'ai ned fromthe |ight receiving optical fiber for ] tn 'S BEEN
predeterm hed périod and |ight project neans for ch ?’E%gge%]&&tj of

pul ses per a unit period of time fromthe |ight proj el-erent

d on

t he deci desecsmest t&f beé ghhctBusedet er rhnedndeguacdscidle Thangatklerigby
intermttently driving the | i ght projecting elenent. In accordance

with the pigsentrddyeent bePwe¥f®N the points of time t, and t.,
the compartor circuit 19 éroduces an output with a wider
‘'signal width. in as'soci.ation therewith, the number of
pulses of the oscillation output passing through the
synchronization circuit 13  becomes to be greater.
Resultantly, the number of driver pulses for each unit
time is increased in the driver circuit 14. Namely, the
operator adjusting_ the oﬁtical axes perceives the 1light
having a higher intensity. As described above, the
operator visually che'ck.s__. t_'he infensity of 1light at the
end portion of the .light érojecting opticél £iber 7 to
set the 1level of Ithe amount of light to a hi_gher level.
Namely, without necessitating the confirmation of the
state by means of the indicator lamp 110 or the like on
the photbelect—ric switch, the optical axes cari bhe
apprqpriately adjusted only by use of the 'optica-l fiber
portions. Although the embodiment employs the
frequency divider 12 to divide the frequency of the original oscillation
output by four, the division ratid or the divisor may be
further increased so as to mnatually obtain a gre.:ter
change in the amount of 1light emitted from the 1light
projecting optical fiber 7 depending on the degree of the
alignment between the optical fibers.

Next, a description will be given of the fifth

embodiment in accordance with the present invention.

20 This Sheet Has Been Replaced
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aligning optical axes of the optical fibers, the lig tT*ﬁ@:
S |p£erm5ttept'%y driven by the |ight projecting neafls_a I
of light attained fromthe light receiving optical fiber is determ ned for

each firs e ] [ - 4 he dec
"rngg f’%ﬁ&%@&t Pek %ané'é?r;@ée& gndegige RRARS £ At Gher Y

t he nunber emtting pulses of the Iight projecting el enent based

on the obLaBee '8N 1 gRIP Wlittea ' BrofiOMRIEISH: p2BietPEng®RipEital 2XCS

fiber, - the period of the light emission to be

intermittentiy driven is changed. FIG. 12 is a block
‘diagram showing the constitution of the embodiment. The
samé constituent componenté of this configuration aé
those of FIG. 9 are assigned with the same reference
numerals. The system of FIG. 12 also inciudes an
ordinary-mode circuit block 101 and an optical axis
alignment circuit block 21, which are changéd over by
means of a mode changé-over switch 5 so as to supply
driver and receive signals associated with light
"projecting and receiving elements 6 and 9, respectively.
The circuit block 21 includes an amplifier circuit 22 to
ampli:éy a receive signal attained from the light
receiving element 9. The amplifier circuit 22 supplies an
output to a éample-and—hold circuit 23. This circuit 23
samples and holds an ampli.fied output at a timing which
will be described later so as to supply an output to an
integrator circuit 24. The integrator circuit 24
integrates a received signal to supply a resultant signal
to an adder circuit 25. In the adder' 25, a predetermined
reference voltage Vref2 is added to the integrated output
so as to feed the result of the addition to a
voltage/frequency (V/F) converter 26. The converter 26

converts a supplied voltage to a low-frequency signal’

is Sheet Has Been Rerlaced
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approach the aligned positions in - the optical ‘% "’unvr%ﬁE& e
intensjty &f thé light beamemtted froman end surfgc £ .,% f

projecting fiber is increased. The deci de nmeans

an .int egraﬁahﬁbrcwfrefqgépawtrsgéatcaw bhe JiEEal VEs SHANAk; I 54 Sheet, Hes

Been Repl aced
associated with the value of the input voltage. The converted signal is

delivered to a driver circuit 27 and the sample-and-hold
circuit 23. Based on the received output, the driver
circuit 27 drivés the light projecting element 6.

Referring next to timing charts of FIG. 13, a
description will be | given of operations of this
embodiment. As shown in FIG. 1lla, when the optical axes
of the 1light projecting and receiving £fibers are not
aligned to each other, since the integrator circuit 24
does not receive any significant output, the V/F
com'rerter 26 directly receives the reference voltage
Vref2 from the adder circuit 25. = Resultantly, as
indicated in a time zonme Tl of FIG. 13, there is produced
a low-frequency signal having a duty of, for example,
50%. The obtained sig_nal is delivered via the driver
circuit 27 to the 1light projecting element 6, which
in turn emits lights. In a time 2zone T2 in which the
optical axes are to be gradually aligned to each other,
the 1light receiving element 9 obtains a light signal.
The signal is passed via the amplifier circuit 22 to the
saxnpie-and—hold circuit 23. In consequence, at points
of times t;,, t,,, etc., the output signal is held so as
to be supplied to the integrator circuit 24. ' The
integrator circuit 24 hence produces an output with an
increased value. Namely, the V/F converter 26 generates

S b nuuind
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7 convertlng a voltage representing the | i f
the degide neans into a | owfrequency signal havif Twsfslﬁﬁ]’é'h"%BEEN
corresponding to the voltage and a driver circuit|{f or dREREMEER he |ijght

O sty i
a voltage obtained by adding the reference voltage Vref2
to the voltage outputted from the integrator circuit 24.
This signal is delivered via the driver circuit 27 te the
light projecting elemenr 6, which is thereby driven to
emit lights. Consequent_ly, by wvisually checking the end
portion of the 1light projecting optical fiber 7, the
operator can recognize that the period of the driving
operation is gradually reduced. In a state where the
optical exes are aligned to each other as shown in FIG.
ilc (time zone T3), the end portion of the 1light
projecting optical fiber 7 blinks at a minimized period,
thereby indicating that the axis alignment is completed.
In accordance with the present invention, as described
above, the axis alignment can be determined only by
visually confirming the state of the end portions o©f the
light projecting optical fiber 7.

Although the blinking frequency is increased as
the axis alignmenr approaches the completed state in this
embodiment, it may also be possible to lower the blinking
frequency for this purpose.

In the respeet ive embodiments above, the:
ordinary-mode circuit block and the optical axis
alignment circuit block are disposed to be independent of
each other; however, the circuit configuration can be
narurally simplified by sharing such W
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vol tage/frequency converter so that based on an a JMSSHEEBEA&QF@W(;
l'ight, the | nt erm ttent frequency of light at a vi siRfRLACEDRye| |l is
changed use t he vol tage/ frequency converter. In accordance
wi Lh the § 1 2t QY CIYs M 125 FRSCHINGAr APYEy 1t WNERa AHINLAG: 13AkLCal
axes p5 po?ttlgonrs&gfq'%tlhe opt]écgkgfl lg:ers ¥‘?ﬁe :agnrrent o?ﬁ?’f]iél o%'trlccal
axes can b&g@&f{(ed dependi ng on t he anount of

While the particular embodiments of the
invention have been shown and deécribed, it will be
obvious to those skilled in the art that wvarious changes
and modifications may be made without departing from the

present invention in its broader aspects.
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light enmitted fromthe |ight projectingoptical fiber or on the frequency

of the blinking. Ca , i ndi cat | =gnit need
not be confirmed for th mm’r_,m; “‘!‘1”# L -~ Nangl p1S SHEET HASBEEMY] | on
can be agoyyld shed by thec g e end porti OREPLAGEDt he gpti cal
fiber. As a result, the operation to -align th he
optical Tipers dsiiankl IA e Y C0iLEAME 1 20 FRAARA T hagkA

comprising:

a light projecting element; a

a driver circuit for driving said light
projecting element by use of pulses; and

switch means for increasing or for decreasing
an amount of light emitted from said 1light projecting
element.
2. A light projecting circuit in accordance with claim 1
wherein said switcﬁ means increases o0r decreases a éulse
width of a pulse current flowing through said light
projecting element. |
3. A light projecting circuit in accordance with claim 1
wherein said switch means alters a pulse interval of a
pulse current flowing through said 1light projecting
element. |
4, A ligpt projecting circuit in accordance with claim 1
wherein said switch means selects an operation to
superimpose a direct current onto a pulse current f£lowing
through said light projecting element.
5. A light projectiﬁg circuit of a photoelectric switch
including a light projecting element and a transistor for
driving said light projecting element by use of pulses
comprisiné: | |

a circuit for supplying a -direct current to

25 This Sheet Has Been RTIlaced
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N said light projecting element; and

switch means for conducting a chagge-over
between an operation to connect said circuit to said
transistor in parallel and 'an operation to disconnect
said circuit from said transistor.
6; A photoeléctric switch employing optical fibers
including a light projecting element and a light
receiving element for receiving a light from said light
projecting elément in which a 1light projecting optical
fiber is disposed at an end portion of said 1light
projecting element and a light receiving optical fiber is
arranged_ at an end portion of said 1light receiving
optical fiber so as to sense an object deﬁending on a
level of a light received by said light receiving element
comprising: |

| decide means for determining an amount of light

attained from said light receiving optical fiber for .each
first predeterminéd period; and

light project means for varying a number of
pulses emitted for each unit pgriod -of time from said
light projecting element based on the amount of light
thus determined by said decide means.
7. A photoelectric switch employing optical fibers in .
accordance with claim 6 wherein:

.said decide means .includes an integrator
circuit for integrating a receive 1light signal attained

signal attained
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attained by the light recei fiar each ﬂW%W'éETaUéS@éENn‘d '
period and *a  conparat Jﬂlmumﬁ"mm,”fmi conparing RLAGEBuUt frppm t he
intggFator circuit with a predeter fined sthreshol dvarUe. —tme - | i ght
proj ecting.cirgyits i ngliydas an-aseidiAd or Cidmetht f OfoPsciddahi nggarstgnal
?t a secon fpre e-ter_rnI ned period, a ;requency divider circuit for a-
regquency 0 e oscillation. put om.t he ' r cLiglj.te @

synchr oni fé:ﬁcf(?ﬁ:ermln 4 f grerl%Lg and °"h cgﬁBEEEQBQ é...thS.t for

clrcu

comparing an output from said integrator circuit with a
predetermined threshold value; and |

said light project '_means includes an oscillator
circuit for oscillating a signél at. a second
predetermi_ned period, a frequency divider circuit for
dividing a frequency of an oscillation output from said oscillator
circuit, a synchro;:xization circuit for computing a
logical product between an output £from said comparator
circuit of said decide means and the oscillation output
froﬁx said oscillator circuit, and a driver circuit for
driving said light projecting element by use of a logical
sum obtained between an output from said synchronization
circuit and an output from said frequency divider circuit.
é. A photoelectri.c switch emplojing optical €£fibers in
accordance with claim 6 wherein _said light project means
includes:

a voltage/ frequency'-" cénverter f:or converting a
voltaée designating the amount of light dJetermined by
said decide means into a low-frequency signal having a
frequency associated with the voltage; and

a driver circuit for driving said light
projecting element based on an output from said
voltage/f fequency converter.

I
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produci ng a Iog| cal product or an ANDed resul t bet ween A e
conparatort circtit of the decide neans and the oscill at |6H180$4“ﬂﬁ:ﬁ]'tHA$8ﬁEN ¢
oscisl Tator circuit, and a driver circuit for dr| ving the I [ gHEPbNéFBctl ng

elgrrent based on the | ogi calgrRiRP o F(% SRR ned
fromthe synchronization g%rcwt llgn an out put ?romthe frequency di vi der

circuit. The recei veAS| %g S |°r5%cq:rl%tged flc%rculq:ch . rgt photoelectr:.c

switch includes a 1light projectlng element (2), a driver

circuit (1, 3) for driving the light projecting element. by use

of pulses, and a change-over switch (4) for increasing or

for decreasing an. amount of light _emitted from the 1light
- projecting element.

With this provision, in an operai:ion to
adjust optical axes, the change-over switch can be used
to- increase the amount of the emitted light.
Conseéuently, the position of the projected light beam

can be easily confirmed.

-
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predetern1ned period by use of the |ntegrator circuit such that the
conpariat or® ci‘tcliit produces a compari son output having a S|gnal wdth

associated with the anount of the receive |Iight. '
resultant signal as a gate signal, when. an oscillation dj ghg St EEUg%ﬁﬁgﬂ

to the light projecting elenent, the nunber of emtted pul ses FEPLAREDUN; ¢t
time is altered, thereby changing the intensity of the |ight beam

Fig. |
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The l'i ght pr oj ect or circuit may also be constituted with a
val tag’e/frlequenty (V/F) converter for 9 follow ng description and

acconpanyi ng drawi ngs wherein: FIG 1 is a schematic cj
showi ng a
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light projecting circuit of a photoelectric switch as a first enbodi nent
accor dance* wi't hthe present invention; FIG 2 is a circuit di agram

schenatlcally showi ng a specific exanple of a pulse dif AR LR A =
light projecting circuit of the first enbodinent; FI G| THIS SHEET ADBEEN

showi ng waveforns useful to explain operations of the Li ght REFBREEPI ng
circuit of the first enbodi nent;

Fig.4
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. FIG 4 is acircuit diagramshowng a light projecting circuit of a

phot oel ectri ¢’ switch as a second enbodi ment in accordance with the present
invention; FIG 5 is a graph show ng waveforns useful t _n_operations
of the light projecting circuit of the second embodi mentf; Tiks@HET Sa -

circuit diagramshowi ng a pulse driver circuit of a photfoel ecﬁgpgAéﬁpgﬁq
athird . =SS I

Cu——rer J’_‘—‘V\Y !

Fig.7
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enbodi nent in accordance with the present invention; FIG 7 is a graph
showi ng wavef'orrs useful to explain operations of the third enbodi nent;
FIG 8 is a graph showing characteristics devel oped between.

environnental tenperatures and forward current val ues ==E));
FIG 9 is a block circuit diagram showi ng the constit gt ircts SfEEThEAP BERNr
portion of a photoelectric : REPLACED
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REPLACEMENT SHEET 10 switch using optical fibers as a fourth enbodi nent in
accordance* wth*the present invention; FIG 10 is a timng chart show ng

oper ati ons of —— .
- )| THIS SHEET HAS BEEN
| REPLACED
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the switch of FIG 9; | GS. 11

states of optlcal axes amist
proj ecting optical flbers
phot oel ectric switch u3|n
accordance with the present
oper ati ons of

i

[ nvent I on;

ctively of t

bl ock circui | TiHSESHERTIMYBEEN
bers as a fifth errbodREEDAGEID

FIG 13 is a

%‘i‘e di agranms showi ng al i gnnent
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the switch of RIG 12; and FIG 14 S a bl ock circuit di agram
schematically show ng a conventi onal phot oel ectric switch using
optical fibers. DESCRI PTION OF THE PREFERRED EMBODI MENTS Referring now to

t he draw ngs, description will be given of an enbodi nent of a photoelectric
switch according to the present invention. '

| THIS SHEET HAS BEEN
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FIG 1 is a circuit diagramshowi ng a |light projecting.
I n accorda

phot eel ectrit*stitch as a first enbodi nent

i nventi on. In this configuration, connected between fa

a ground potential GND are an LED 2 for prOJectlng N

[err], and a transistor 3.
seri es. The transi stor 3 has

ircuit of a
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a base to be supplied with a pul se signa

FIG.-2 shews* a concrete circuit exanple of the[ porSe=xciar,

> SHEETRastg )

1 This ~circuit structure
the circuit diagramof FIG 1,
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in parallel
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there is connected a series circuit constituted vmth.ereS|stor

[err] and a

swtch 4.%1h%Ris circuit constitution, when the swtc% ;z,_

the transistor 3 is turned on, as shovvnintheleft ortlo%'iiiL of
FIG 3, each tinme a pul se S|gnal is received fromthe =qrd it
1. As aresult, a drive current flows therethrough so as to turn tThe 2
on. the resistor [err] is :

When t he svmtch 4 is set to QN
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connect ed: |,4a paraIIeI to the series circuit including the resistor [err]
and . the . transi'stor : In consequence, a direct current (dc) [err]

flo resi err] is additionally applied to the LED 2.
rrgﬂég'-k‘w%ééf@urré% in Iud]es the direct cuyrégquteuﬁ%ﬁmﬁﬂfm'é
EHEF%Iptl%qugigppggg ﬁ%&g& as. shown in the right portion of the graph

nt 6N IS turned .on . the—asmunt
Claimks} ¢ &Pageq t fo paged ‘}% hePEUNHICATI

EPLACEM 3
D¥Drawing(s) : paged .....4. /. to paged ..../(. TITLE OF THE INVENTION ggg%

DlABstract  : paged ... /.. to paged .. 7. ] DBEE fuuvresrnemsinas e j
{ PHOTOELECTRIC SWITCH e =

BACKGROUND - OF THE INVENTION

Field of the Invgntion

The pres.ent invehtion | relates to a
photoelectric: switch, and in particular, to a
photoelectric switch including a light projecting circuit
which can be changed over to increase an amount - of
projected light in occasions such as in ad'justment of an
optical axis and further to a photoelectric switch
‘associated with _ optical fibers in which a projected
light is introduc_:ed to a sense position by means of an
optical fiber and a ‘transmitted li_ght or a reflection light
thereof is' delivered from the sense position to a light
receiving element by use of an optical fiber.
Description of the Prior Art

Heretofore, in a light projecting circuit of an
photoelectric switch, a light-emitting diode (LED) is used
és a light projecting element. The LED is connected to a
resistor for limiting a current flowing therethrough and
a2 transistor as a driver thereof.~ The transistor has a
base, which is supplied with .a pulse signal £from an
oscillator so as to be turned on and off in response
thereto, 'Ehereby resultantly blinking the LED by use of
the pulse signal. The photoelectric switch of this type

can be used in a wide range of environmental 'temperatures
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devel ops a gaxi mumvalue. In this embodi ment, t

switch 4
conmponent

——1|
REPLACEMENT SHEET

ranging from -25C to 55 °C. The LED is assigned with a
rated current, which is decreased as the temperature is
increaséd. In consequence,. the driving current of the
light projecting LED has a limit associated wit}x a rated
cur;ent developed at an upper 1limit of the envi::mmental
temperature (I, of FIG. 8).

In the conventional phofoelectric switch, the
rated current obtained at the upper 1limit of the
environmental temperature limits the light projecting
current. Consequently, the amount of the 1ight thus
projected from the LED is not sufficient. Even when a
réd-light LED is employed, a position of a beam of lights
is not easily determined and hence there has been a
problem +that a considerably long period of time is
necessary to align a light axis, for example, in a light
receiving section.

On the other hand, in a photoelectric switch
emplbying optical fibers in which the fibers connect a
sense position to asengor unit, for example, as shown in
FI1G. 14, a 1light projecting element 6 of & sensor unit
101 is intermittently driven (with pulsated signals or
pulses) by means of an oscillator circuit 103 so _as to
deliver a light emitting output from the light emitting
element 6 'to a light projecting optical £fiber 7.
Disposed to oppose an end surface of the opticﬁl fiber 7

is an end surface a light receiving optical £iber 8.
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associ at edgwth the projected |ight. Nanelly, §EP gt
recei vi'ng SI de, "t he dc conponent can be renoved b Daw.. %---a---di +terefiti ati on
circuit or the other circuits and hence the sensi stem nmay

be adjusted with the light anbunt kept 3 i ncr eased.Substitute-ahesic~2818790
since the i erva en.light_.projectio s fixed sponse speed
is also n{‘ﬁ oo,pq:m %erfelg"ﬁrjo alahrlhﬁht s’chde i dS#veaﬁqifl °cd® to the

act ual utlllzatlon . -
be sensed by &a light receiving element 9, which

converts the light signal into an electric signal to be
processed through an amplifier circuit 106, a detection
circuit 107, and a waveform shaping circuit 1?18. The
electric signal is thus converted into a rectangular wave
to be outputted as an object sense signal via an output
circuit 109 and to an indicator 1lamp 110, which thus
indicates a sense state of an object. - In the
conventional photoeleétric switch using optical fibers,
since the optical £iber has a small diameter and is
fiexible, such a photoelectric switch is arranged in a
position where the ordinary photoelectric switch not
employing the optical £fiber cannot be easily installed.
In this arrangement, the optical fibers 7 and 8 are
extended from the sensor unit 101. With the provision of
this configuration in which an optical system of the
pho_toelectric switch is consti'l;uted with optical fibers
having a small diameter, it is possible to sense a fine
or very sﬁall object.

However, in the photoelectric switch adopting
the optical fibers as described above, since the end
portions of the optical fibers 7 and 8 are separated from
the sensor wunit, in an alignment of optical axes of the
optical fibers and in a position alignment to adjust a

distance to an object, it is necessary to confirm the
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state. FIGs 4 .is a circuit diagram of a Ilig tR%?!b?C%MEM OHEEEU t of
a phot oel ectric switch as a second embodi nent in ac £ vé% m
present invention. In the light projector circuit

there are connected, between the power 4supply +\&

potential GN\D, a series circuit including an LED 2 re5|stors err] and
[err] and aPimiq%tgFate ofFhe jiadigafor lamp 110 of the senso

unit 101 disposed &t a location separatéd from the end

portions of the optical fibers 7 and 8. Consequently,
when the sensing position (associated with the end
positions of the optical £fibers) is apart from a ;6cation
of the sensor unit or when a fine adjustment is required
in the. setting of the apparatus, there has been a
disadvantage that the adjustment takes a long period ot
time. |
sum&m OF THE INVENTION

It is therefore an object the present invention
té provide a photoelectric switch in which an amount of
light is increased when adjusting an optical axis to
facilitate an alignment of a beam position.

A technical problem to be solved in accordance
with the present invention devised to cope with the
problems of the conventional photoelectric switch
employing optical fibers is to confirm an operation state
at end portions of the optical fibers.

- In accordanée with the present invention, a
light projecting circuit of a pfzotoelectric switch
includes a light projecting element, a driver circuit to
drive the light projecting element by use of pulses, and
switch or 'change-over means for increasing or for
decreasing an amount of the light projected <£rom the

light projecting element.
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3 has a base to be supplied with a pul se signal al oﬂﬂ?'eﬁﬁw
circuif 1.

switch 4 is disposed to change over a megnitude of ‘BEbsPe . )
In t he circuit configuration of thls enbodlnent
the switch 4 is turnkd §e¥wandhe eunzemitt \Wfi chaf | OWP a ¥ | v@enaneddmt to the

LED 2 is connected to

The resistor [err] is connected to a s',
which forms a short circuit across the regj

reduced as shown in the graph of FIG. 8. | Assuming the
.environmental temperature of the LED integrally arranged
in the optical switch to be limited to an upper limit Ts .
the forward current to be developed is required to be at
most 1I,. However, the environmental temperature is set
to a usual temperature T, at which the operator can
achieve éperations, the forward current f£flowing through
the LED may be set to l,, which is greater than I,.

In the light projecting circuit of the
photoelectric switch according to the present invention,
when:adjusfing an optical axis, the system increases, for
example, the 1light projecting current to develop a
greater amount of 1light thus projected. In contrast
thereto, when achieving an ordiﬁa:y operation, the switch
means is used to reduce the projected 1light. Iﬁ the
ordinary operation, the amount of projected 1light is
substantially equal to that of 1light projected from the
light projecting circuit of the conventional
photoelectric switch.

In accordance with the present invention, there
is provided a ©photoelectric switch having a light
projecting element to emit a wvisible light therefrom and
2 light receiving element +to receive the emitted light
such that the light projecting and receiving elements are

respectively provided with & light projecting optical

gﬁ{SHET

mhen
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current Limting resistors [err] and [err].

dével dp- a

Laced 13 light projecting current is obtained as

ese resi

relatively great resistance, the Thi
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fiber and a light receiving optical fiber at respective

end portions thereof so ‘as to sense an object depending

on a level of 1light received by the 1light receiving'

element. The photoelectric switch is charécterized by
including decide means for determining an amount of light
obtained f£rom the light receiving optical fiber for each
first i:redetérmined period and 1light project means for
changing a number of pulses per a unit period of time
from the light projecting element based on the decided
amoun; of light thus determined by the decide means,
thereby intermittently driving the light projecting
element.

In accordance with the present invention, when
aligning optical axes of the optical fibers, the 1light
projecting element is intermittently drivem by the 1light
projecting means and then the amount of light attained
from the light receiving lopt_:'.cal fiber is determined for
each first predetermined period by use of the decide
means so as to vary the number of light emitting pulses
of the 'light projecting element based on the obtained
light amount. In~ consequence; as the optical axes
approach the aligned ©positions in the optical axis
alignment, the intensity of the light beam emitted from
an end surface of the light projecting fiber is increased.

The decide means favorably comprises an

integrator circuit for integrating the receive 'signa'l

\
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waveformor the |eft-hand si de of the graph of FIG REPL%E%;TSHEET tdh 4
is'set to ON, ‘the resistor [err] is connected td us
establ i shed and hence the | evel of the |ight projeg lnrl CUEFERY {16l )9
through the LED 2 is increased. Nanel y, 7t he armunt )

) Wm
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swtch 4 is state CII’CUI

determined by the decide means into a low-frequency signal -
having - a frequency corrésponding to the 'voltage and a
driver circuit £for driving the 1light projecting elergent
baséd on an output f£rom the voltagé/frequency conve;ter.

The ‘ light projector means is provided with a
voltage/frequency converter so that based on an amount of
the receive 1light, the intermittent. frequency of 1light
at a visible . level is changed by | use of the
voltage/frequency converter.

In accordance with the present invention, as
descrihed above, when aligning optical axes at end
portions of the optical fibers, the alignment of the
optical axes can be checked depending on the amount of -
light enitted from the light projecting optical £iber or
‘on the frequency of the blinking. Consequently, the
indication on the sensor unit need not be | confirmed for
the purpose above. Namely, the confirmation can be
accomplished by the 1light at the end portion of the
optical £iber, As a' result, the operation to -align the
optical axes of the optical fibers is £facilitated, which
leads to an advantageous effect that the operation can be
easily confirmed.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and a;dvantages of the

present invention will become apparent by reference to the
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driver cigcuit for a light projecting circuit in a
a’third enbodi ent in accordance with the present i
pul se driver circuit shown in FIG 2, the p
froman output termnal [err] has a pul s vvidth whi
and a puI se interval

d d f
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predetermined period and a comparator qircuit for
comparing an output from the integrator circuit with a
predetermined threshold value.. The light"préjecting
circuit includes an oscillator circuit for oscizlating a
signal at a second predetermined period, a frequency divider
cifcuit for a frequency of the oscillation output from
the. oscillator circuit, a synchronization circuit for
producing a logical product or an ANDed result between
an output from the comparator circuit of the decide means
and the oscillation output from the oscillator circuit,
.and a driver circuit for driving the 1light projecting
element based on the logica; sum or ORed result obtained
between an ouptut from the synchronization circuit and an
o.utput £rom the frequency divider circuit.

The receive signal is integrated for each first
predetermined period by use of the integrator circuit
such that the comparator circuit produces a comparison
output having a signal width associated with the amount of
the receive light. By using the resultant signal
as a gate signal, when an oscillation signal is supplied

to the 1light projecting element, the number of emitted

err]

pulses per the unit time is altered, thereby changing:'

the intensity of the light bean.
The light projector circuit may also be

constitut-ed with a voltage/frequency (V/F) converter for
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the resistors [err] and [err] respectively.  CongcBERHIGEMENT, SHEET

confiduration of FIG 6, a registor [err] is conn;:ge&-cp t he
resistor [err] in parallel so as to configuie D§'f ui- ystiegm such
that the connection of the resistor [e9r] is estobfrEmEsTeTd 297878

i sconnect ed o Yok HA i 2SI E A0 S0o80UaPLLy acaufbdd GhlaRL ShoWn i

this constit projectin re’1s connected a

series '
circuit I ncl Li’ql r.lg 1 ains !a‘Echematlc circuit diagram showing a

light projecting circuit of a photoelectric switch as a
first embodiment in accordance with the present invention;

'FIG. 2 is a circuit diagram sch;matically
showing a specific example of a -pulse driver circuit of
the light project:_lng circuit of the first embodinment;

FIG. 3 is a graph showing waveforms useful to
explain operations of the 1light projecting circui?: of the
first embodiment:

FIG. 4 is a circuit diagram showing a 1light
.projecting circuit of a photoelectric switch as a second
embodiment in accordance with the present invention:

FIG. 5 is a graph showing waveforms useful to
explain operations of the light projecting circuit of the
second embodiment;

FIG. 6 is a circuit diagram showing a pulse
driver circuit of a photoelectric switch as a third
embodiment in accordance with the present irivention:

FIG. 7 is a graph showing waveforms useful to
explain operations of the third embodiment;
| FIG. 8 is a graph showing characteristics
developed between environmental temperatures and forward
current values developed in an LED;

FIG. 9 is a block circuit diagram showing the

constitution of the primary portion o©of a photoelectric

T
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resistor, £and a transistor between the power source

n
ground potentlal GN\D. The transistor is supplied w rbﬁoquﬁs Eg
delivered froman output termnal [err] {)‘1; the pul se fe-ver eircuit .

Substitutie-sheet--29/8/96—

switch using optical fibers as a fourth embodiment in

accordance with the present invention;.

FIG. 10 is a timing chart showing operations of
the switch of FIG. 9;

FIGS. lla to 1llc are diagrams showing-‘alignment
states of optical axes at the ends respectively of the
light receiving and projecting optical fibers:;

FIG. 12 is a block circuit diagram showing a
photoelectric switch using optical fibers as a £fifth-
embodiment in accorda.nce with the present invention;

FIG. 13 is a timing chart showing operations of
| the switch of FIG. 12; and

FIG. 14 is a block circuit diagram
schematically showing a  conventional photoelectric
switch using optical fibers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, description will
be given of an embodiment of a photoelectric switch
according to the present invention.

FIG. 1 is @a circuit diagram showing a light
projecting circuit of a photoelectric switch as a £first

" embodiment in accordance with the present invention. In
this configuration, connected between a power source +V
and a ground potential GND are an LED 2 for projecting
light, a resistor R,, and a tranmnsistor 3. These

components are connected in series. The transistor 3 has
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In this circuit, when the switch 4a is set to OFF, tfe pul se gﬁegﬁ
dét ermi ned by the values of [err] and-[err] as shownjlig,t 213

portion of FIG 7. Wen the switch 4a is turned on, ﬁ

is connected to the resistor [err] in palallel and YRRt ' -
interval 1is represented a [err Nanel he pul se
interval is Ped?c&d R EﬁoﬁﬁpPﬁi?ﬂeL?‘FﬂhF k%l‘hﬂfe[s %’EJ"GF e 73/ P‘Fﬁiéengnber

of pul ses

driver circuit 1. FIG. 2 shows a concrete c:.rcu:.t
example of the pulse driver circuit 1. This circuit
structure has been commonly known. Returnin'g to the

~

circuit diagram of FIG. 1, in parallel to a series
circuit including the resistor R, and the tramsistor 3,
there is connected a series -circuit constituted with a
resistor R, and a switch 4.

In this circuit constitution, when Ehe switch 4
is set to OFF, the transistor 3 is turned on, -as shown in
the left portion of the graph of FIG. 3, each time a pulse signal is
.received from the pulse driver circuit 1. As a result, a drive
current £flows therethrough so as to turn the LED 2 on.
Wﬁen the switch 4 is set to ON, the resistor R, is
connected in parallel to the series circuit including the
resistor R, and the transistor 3. In consequence, a
direct current (dc) I,¢ £flowing through the resistor R,
is additionally applied to the LED 2. Namely, the drive
current includes the direct current 1, and the pulse
current superimposed thereonto as shown \ in the right
portion of the graph .of FIG. 3. As a result, when the
switch 4 is turned on, the amount of emitted -light
develops a maximﬁm value.

In this embodiment, the operations to turn the
switch 4 on and off does not influente the alternate

current (ac) component of +the waveform o0f +the current
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per the unit period of tine is increased, which |g
amount’ of emitied light. Also in this enbodi nent,

enbodi ment, the level of the pulse current is kept
the operations to turn on and off the swWi&ch 4a.
sensitivity can be a

a?‘f??&?‘“f&‘%%
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angecr Fegard

t th th h t k d.
accor dance vmaFﬁ°Fﬁ§t?)¢ 33"&%?‘ \%%mﬁr%rp Icgﬁé arpunt  kepf taGr ease th

light receiving side, the dc component can be removed by
use of a differentiation circuit or the other circuits
and hence the sensitivity of the system may be adjusted
with the 1light amount kept increased. In | addition,
since the interval between light projections is fixed,
the response speed is also kept retained, thereby
obtaining a condition identical to the actual utilization
state.

FIG. 4 is a circuit diagram of a 1light
projecting circuit of a photoelectric switch as a second
.embodiment in .accordance with the present invention. In
the light projector circuit of this embodiment, there .are
connected, between the power su.pply +V and the ground.
potential GND, a series circuit including an LED 2,
resistors R, and R,., and a transistor 3. The transistor
3 has a base to be supplied with a pul_se signal also from
a pulse driver circuit 1. The resistor R;. is connected
to a switch 4 at both end thereof, which forms a shoft circuit across the
resistor R,,. The switch 4 is disposed to change over a
magnitude of the pl_zlse driving .current.

In the circuit configuration of this
embodiment, when the switch 4 is turned off, the circuit
which flows a drive current to the LED 2 is connected to
current 1limiting :resistor'.;.~ R, and R,,. Since these

resistors. develop @a relatively great resistance, the

e [tof

4SS

t he

of
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- disposed switch means capable of increasi
am)unt of Ilght emtted fromthe Iight projecting emen &g,s ently, I n
an operation to adjust optical axes, the switch ca teo'per hi rf)j ect
the light of which the anount is greater13han t hat G G

N the or dinafy,qperation . A5 aesult ;L he,l LI Yot B o 1

waveform on the left-hand side of the graph of FIG. 5.
When the switch 4 is set to ON,' the resistor R,, is
connected to a short circuit thus established and hence
the 1evel. of the light projecting current . flowix:g through
the LED 2 is increased. Namely, the amount of projected
light becomes to be greater as compared with that of
light projected when the switch 4 is in the off state.

FIG. 6 is a circuit diagram showing a pulse
driver c.ircuit for a 1light projecting circuit in a
photoelectric switch as a third embodiment in accordance
.with the present invention. In the general pulse driver
circuit shown in FIG. 2, the pulse signal delivered from
an output terminal O, has a pulsé width which depends on
a valve of C,, x R, and a pulse interval which depends
on a value of C,, x R,,, where C,, is capacitance of the
capacitor C,, and R,; @and R,, are resistance values of
the resistors R,y and R,,, respectively. Consequently,
in the configuration of FIG. 6, a registor Ri:a is.
connected to the resistor R,, in parallel so .as to
configure the circuit System such that the connection of
the resistor R:.. is established and disconnected by -
turning a switch 4a on and off. Although not shown in
this constitution, in the light projecting circuit, there
is connected a series circuit including an LED, a

resistor, andéd a <+transistor between the power source +V
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1 5 and hence the optical axis adjustnent is faciljjta JdCEEIE&TSHEfT IS a

di agram show ng a photoelectric swt _rrr[] @ysm tigal
as a fourth enbodi nent in accorda LV A o [ pilesent

invention. As can be seen fromthis confilguration, agubstitute-cheet—20/8/96—

and the ground pbtentiél GND. The transistor is supplied
with a pulse signal delivered from an output te:_minal (o}
of the pulse driver circuir.

In this circuit, when the switch 4a is set to
OFF, the pulse interval is determined by the vglues of
C,, and R,, as. shown in the 1left-side portion of FIG. 7.
wWwhen the switch 4a is turned on, the registor Ri;a. is
connected to the resistor R,, in parallel and hence the
pulse interval is represented as C,;, x [R,;"R:./(R,, +
Ryia)l. Namely, the pulse interval is reduced as shown
in the right-hand side of FI1G. 7. The number of pulses
éer the unit period of time is increased, which leads to
an increase of the amount of emitted light.

Also in this embodiment, 1like in the £first
.embodiment, the 1level of the pulse current is kept
unchanged regardless of the operations to turn on and of.f
the switch 4a. In consequence, the sensitivity can be
adjusted with the light amount kept increased.

In accordance with the present invention, there
is disposed switch means capable of increasing or
decreasing the amount of 1light emitted from the light
projecting element. Consequently, in an operation to
adjust optical axes, the switch can be operated to
project the light of which the amount is greater than
that of the light projected in the ordinary operation.
As a res.ult, the bDeam position can be easily confirmed

-
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photoel ecjric switch 10 enploying opti cal

circui't block®™ 101 operative in the ordinary
absence of an object, an operation indicator |a
oper ations thereof, and a circuit block1%0 to be s

axes. The change-over between the ordi nary node and the optlcal axi s
ali
al i gnment e S, B980Tk SAEELY 788" 80 Rl a1 9% 2 FLeSUA O O arranged.

FIG. 9 is a block diagram showing a
photoelectric swit_f:h employing optical fibers as a
fourtﬁ embodiment in accordance with  the* present
invention. As can be seen from this configuration, a
photoelectric switch 10 employing optical fivers
includes a circuit block 101 operative in the ordinary
mode to detect presence or absence of an object, an
operation indicator lamp 110 té indicate operations
thereof, and a circuit block 20 to bé operated *Eo align
optical axes. The change-over between the ordinary mode
and the optical axis alignment mode is accomplished by
means ©0f a change-over switch 5- arranged on a panel of
the bhotoelectric switch. Either one of outputs f£from the
circuit blocks 101 and 20 is fed to a light projecting
element 6 depending on the state of the change-over
switch 5. The light projecting element 6 emits a visible
light in response to a signal' produced from either one of
the circuit blocks 101 and 20. The emitted light is fed
to a light projecting optical £iber 7. Like in the case
of the conventional example above, an end portion of a
light recei_ving optical fiber B is disposed to oppose an
end portion of the light projecting optical £iber 7. The
light receiving optical fiber 8 is used to conduct the
light from a sense .region to a photoelectric swi'tch- io.

The optical fiber 8 is connected to a light receiving-
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the photoglectric swtch. Ei t her one of outputs from tBd SEPcm ocks
101 and 20 is fed to a light projecting elenent 6 Rndi-ng--om-the--state of

t he change-over switch 5. - The light projecting el'éemen € i bl e

light in response to a signal produced frem either Qabstifutehsredit+c28/8796
bl ocks 101 and 20. The emtted light is fed to a |light projecting optical

fiber 7. Likpehent he acasenef drte peenyent t wewdofexanpl habeviarednt zom

portion of a _
the light projecting element 6 and obtained from the sense.
region is received by the light receiving element 9 so as
to be converted therein into an electric 'si;ngl. The
light receiving element 9 delivers a resultant signal as
an output therefrom to the ordinary-mode block 101 and to
the optical axis alignment circuit block 20.

The configuration of the ordinary-mode circuit
block 101 is identical to that of the sensor unit (FIG.
14) of the conventional photoelectric switch employing
optical fibers described above. In consequence, the
constitution thereof is not showﬁ in FIG. 9. A
description will next be given of the optical axis
alignment circuit block 20. This circuit block 20
includes an oscillator «circuit 11 oscillating at a
predetermined period. The oscillator 11 delivers an
output to a frequency divider circuit 12 and a
synchronization circuit 13. The freguency divider 12 divides
the frequency oscillation output, for example, by four and supplies
an output to a driver. circuit 14. The 1light recéiving
element 9 produces a receive signal, which is then
amplified Sy an amplifier circuit 15 so as to be fed to a
synchronization circuit 16. The synchronization circuit
16 is supplied with the <frequency divided output 'frox.n the
frequency divider 12 such that the amplified output is

further delivered therefrom to an amplifier cirtuit 17 by
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light recgiving optical fiber 8 is disposed to opp M NEﬁHE%%
. égﬁ

|t ght ‘proj ectihg optical fiber 7. The light recei
used to conduct the light froma sense region to

16

17

using the frequency divided output as a gate signal. The

amplifier circuit 17 generates an amplified output, -which

is supplied via an integrator circuit 18 to a comparator

circuit 19. The comparator cir;cuit 19 is prov;did with a
predetermined threshold value Vrefl set ‘thereto so as to
supply the synchronization circuit 13 with a signal
exceeding the level of the threshold value Vrefl. Based
on the coaparison output as a gate signal, the
synchronization' circuit 13 creates a synchronization

signal based on a logical i:roduct between the comparison

output and the oscillation output, thereby delivering the

resutant signal to- the driver circuit 14. The driver
circuit 14 produces a drive signal based on a logical sum
obtained Dbetween the output £rom the frequency divider
circuit 12 and the output from the synchronization
circuit 13 so as to drive the 1light projecting element
6. Incidentally, the amplifier circuit 15, the
synchronization circuit 16, the amplifier circuit 17, the
inte_grator circuit 18, and the comparator circuit 19
constitute decide means for determining an amount of
light 'received by the light receiving optical fiber 8 for
each predetermined period. On the other hand, the
oscillator circuit 12, thé frequency divider circuit 12, the
synchronization circuit 13, and the driver circuit 14

\
cor;figure light project means for intermittently driving

the light projecting element 6 by chaging the number of
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el ement 9:at other end portion thereof. A light RtEFEéQszmgggt HEEITi ht
projecting element 6 and obtained fromthe sense rle p d Ry

| i ght receiving element 9 so as to be converted L%L@Lln’rnnnp ec
si gnal . The light receiving elenent 98lelivers a

output therefromto the ordinary-node bl ock 101 and to the optical axis
al i gnment ci readisesblepdikted. tirprefxonf i gufan i oreash tdnd toreiriady ofpddmei r ¢

based on the detétitined light amount.

Next, a description will be given of operations
of this embodiment. Referring now to FIG. 10, the fr‘.eq:\ency of the
oscillation outi:ut from the oscillator circuit 11 is
divided by the frequency divider circuit 12 by four. Based
on a logical sum computed between the frequency divided
outpﬁtj and the output from the synchronization circuit 1.3
which will be described later, the driver circuit 14
drives the light projecting element 6. As shown in FIG.
lla, in a zone of time Tl in which the optical axis at.
the end portion of the light projecting optical fiber 7
is not. aligned to that of the 1light receiving optical
fiber 8, the light receiving element 9 is supplied with
few output signals. In consequence, the output £from the
amplifier circuit 17 develops a value in the neighborhood
of zero. The integrator circuit 18 therefore produces an
output, which is below the threshold value Vrefl of the
comparator circuit 17. Resultantly, the light projecting
element 6 is driven for eaﬁh predetermined period only by
the output from the frequency divider circuit 12. Namely, in
this state, the light is emitted at a low level for the
operator adjusting the optical axes.

When an optical axis adjustment is conducted
undexr this condition to substantially establish an

alignment of the optical axes of the light projecting and

t he
tric

ui t

This Sheet Has Been Rep

i ||

laced




bl ock 101:is identical to that of the sensor un|t (ﬁﬁRL&QHMENWSHEET

conventi ona

above.

FIG 9.

al i gnnment
“osci |l | ator
oscill ator

In

c

phot oel ectric switch enploying opticdl fi
consequence, the constitution the :
A description will next9be give

ircuit block 20. This circuit Bfock “20 |ncludes

creeafiving]l loptdsel| |Ribexs 4t and & ctiet showmedn FdG.od 1b,
11 delivers an
the output sighdl received from the light receiving
element 9 is amplified through the amplifier circuit 15
and the synchronization circuit 16. This _t:;mﬁ zone is
designated as T2 in FIG. 10 in which there is obtained
from the amplifier circuit 17 an output amplified in
association with the amount of the received light. The
resultant signal is integrated through the integrator
circuit 18. At a point of time t. when the integrated
value exceeds the predetermined threshold value Vrefl,
the comparison output is produced. In consequence, the
synchronization ciréuit 13 outputs a signal developed
when the comparisop output matches with the oscillation
output so as to supply the signal to the driver circuit
14. As a result, the amount of light emitted for each
unit of time is increased, which enables the operator to
recognize that the end portion of the 1light projecting
optical fiber 7 emits the light with a higher intensity.
Consequently, comparing with the state of FIG. 1lla in
which the optical axzes are not aligned to each other, the
operator can gradually establish a complete alignment of
the optical axes.

Furthermore, as can be seen from FIG. 1llc, when
the optical axes are finally aligned to each other (in a
time zone T3), the amplifier circuit 17 generates an

output at a higher level and hence the integration output

an
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REPLACEMENT SHEET
output fo a frequency divider circuit 12 nd  {) 3ySEMr1986 zaili on
circui't 13. The frequency divider 12 divides the f|f&gtency..osci.ll.at.idn

out put, for exanple, by four and supplies an out put i i it 14.
The light receiving el enent 9 produces 20 eceive si

anplified by an anplifier circuit 15 so as to be fed to a synchronization
circuit 16. The synchroni.zation gircuit 16 is supplied with the

frequency di vil't?é;&mSﬁt 5& hFr d.ﬁ'C{:ﬁgse In consequence, as indicated in

the range betwéen the points of time ¢t, and ¢t.,

the compartor circuit 19 produces an output with a wider
signal width. In association therewith, the “number of
pulses of the oscillation output passing through the
synchronization circuit 13 becomes to Dbe greater.
~ Resultantly, the number of driver pulses for each unit
time is increased in the driver circuit 14. Namely, the
operator adjusting the optical axes perceives the light
having a higher intensity. As described above, the
operator visually checks the intensity of light at the
end portion of tﬁe light projecting optical fiber 7 to
set the level of the amount of light to a hicher level.
Namely, without necessitating the confirmation of the
state by means of the indicator lamp 110 or the like- on
‘the photoelectric switch, the optical axes can be
appropriately adjusted only by use of the 'optical fiber
portions. Although ;che embodiment employs the
frequency divider 12 to divide the frequency of the original oscillation
outpﬁt by four,  the division ratio or the divisor may be
further. increased so0 as to natually obtain a greater
change in the amount of 1light emitted from the 1light
projecting optical fiber 7 depending on the degree of the
alignment between the optical fibers.

- Next, a description will be given of the £ifth

embodiment in accordance with the present invention.

e

S
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frequency. divider 12 such that the anpllfled
del-iveéred therefromto an anplifier circuit 17 by
17 using the frequency divided out put

21 Subs_ﬂmlg_mal:—w&SL

‘Repl aced

REPLACEMENT SHEET

ut put &;ﬁ@‘ﬁﬁ

This embodiment is characterized in that in place of the

' amourit of light emitted from the light projecting optical

fiber, the ©period of the 1light emission to be
intermittently driven is changed. FIG. 12 i% a block
diagram showing the constitution of the 'embodiment. The
same constituent components of this configuration as
those of FIG. 9 are assigned with the same reference
numerals. The system of FIG. 12 also includes an

ordinary-mode circuit block 101 and an optical axis

alignment circuit block 21, which are changed over by

means of a mode change-over switch 5 so as to supply
driver and reéeive signals associated with light
projecting and rece:fving elements 6 and 9, respectively.
The circuit block 21 includes an amplifier circuit 22 to
amplify a receive signél attained from the light
receiving element 9. The amplifier circuit 22 supplies an
outﬁu;c to a sample-and-hold circuit 23. This circuit 23
samples and hoids an amplified output at a timing which
will be described later so as to supply an output to an
integrator «circuit 24. " The integrator circuit 24
integrates a received signal to supply a resultaht s;'.gnal
to an adder circuit 25. In the adder 25, a pi:edetemined
reference voltage Vref2 is added to the integrated output
1) és to feed the result of the addition to a
vdltage/frequency (V/F) converter 26. The cdnverter 26

converts a supplied voltage +o a low-frequency signal
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anplifier,circuit 17 generates an-anplified outpulj, whi ({15 Sﬁpsml i
an - |ntegrator circuit 18 to a conparator circuit oPate e L OHPNAT 2D '

REPLALENMENT SRoed

circuit 19 is provided with a predetern ned threshol'd value Vrefl set
thereto so as to supply the synchroni2%ion circ
exceeding the level of the threshold value Vrefl. Based on the

conpari son

creates

a

RaNiNYg aafreqeencgatepetitigpnadf, whidle iynebivle zZald @Richi f€Uit

synchronlzatlon
associated with the value of the input voltage. The converted signal is

delivered to a driver circuit 27 and the sample~and-hold
circuit 23. Based on the received output, .'tl_}‘e ériver
circuit 27 drives the 1i§ht projecting element 6.

Referring next to timing charts of FIG. 13, a
description will be given of operations of this
embodiment. As shown in FIG. 1lla, when the optical azxes
of the 1light projecting and receiving £fibers are not

aligned to each other, since the integrator circuit 24

does not receive any significant output, the V/F

converter 26 _directly receives the reference voltage
Vref2 from the adder «circuit 25. Resultantly, as
indicated in a time zone T1 of FIG. 13, there is produced
a low-frequency signal having a duty of, for examplg,
50%. The obtained signal is delivered via the driver
circuit 27 to the 1light projecting element 6, which
in turn emits lights. In a time zone T2 in which the
optiéal axes are to be gradually aligned to each other,
the 1light receiving element 9 obtains a light signal.
The signal is passed via the amplifier circuit 22 to the
sample-and-hold circuit 23. In consequence, at points
of times t,;, t,.. etc., the output signal is held so as
to be supplied to the integrator circuit 24; The
integrator circuit 24 hence produces an output with an

increased value. Namely, the V/F converter 26 generates

al

13

I
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signal based on a |ogical product between the conpalli so ué tl
oscill'ation output, thereby delivering the resutant @y@lgj f? %e dr

circuit 14. The driver circuit- 14 produces a dri
| ogi cal sum obtained between the out@d from tunmkaaggaﬂqyﬂﬁuﬂgﬁggu;
circuit 12 and the output from the synchronization circuit 13 so as
to drive the light projecting el enent 6. I ncidental |y, the anplifier
circuit 15, a lbkefrequency s:.gnal having a frequency associated with

1%

ver

a voltage obtained by adding the reference voltage Vref2
to the voltage outputted from the integrator circuit 24.
This signal is delivered via the driver circuit W7 to the
light projecting element 6, which His thereby .driven to
emit lights. Consequently, by visually checking the end
portion of the 1light projecting optical £fiber 7, the
operater can recognize that the period of the driving
operation is gradually reduced. In a state where the

-':opi;.ical axes are aligned to each other as shown in FIG.
" 11lc (time zone T3), the end portion of the 1light
projecting optical fiber 7 blinks at a minimized period,
thereby indicating that the axis alignment is completed.
In accordance with the present invention, as described
above, the axis alignment can be determined only by
visually confir;ning the state of the end portions of the
light projecting optical fiber 7.

Although the blinking frequency is increased as
the axis alignment approaches the completed state in this
embodiment, it may also be possible to lower the blinking
frequency for this purpose.

In the respective embodiments above, the
ordinary-mode circuit block and the optical axis
alignment circuit block are disposed to be independent of
each other; however, the circuit configuration can be

naturally simplified bDbv sharing such circuits as the

This Sheet Has Been Reﬂ
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synchroni zation circuit 16, the anplifier circuit ﬂEPtLﬁQEMWﬁ'ﬁ%rr
circui't 18, and the conparator circuit 19 cofpstit nmeans for
determ ning an anount of |ight received by the |i gt %teerige vs;EP:IQ6 ~ I
fiber 8 for each predetermned period.24 On theSubsiiaredhmed: B
oscillator circuit 12, the frequency divider circuit 12, the
synchr oni zatd:mntaitlocuictircms;. &he drhverdcivenitci ardii the 1dmplifffemur e
| ight project nmeans for intermttently driving

circuit. :

While the particular embodiments of the
invention have been shown and described, i; awill be
obvious to those skilled in the art that va:ious changes
and modifications may be made without departing from the

present invention in its broader aspects.
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the |ight, proj ectJ_ng_el—e%m——G—by—ehagl ng the nunber of 0 JISERUSERs ||
' Daeed..on..the..defeffm ned

efittéd therefrom iod of ti :
light amount. Next ”“'“Hm“mﬁ “rw t)2e5 gi ven of ‘eperarons: '

Clainms:

1. A light projgcting circuit of a photoe;ectric switch
comprising:

a light projecting element; a

a driver  circuit for driving said light
projecting element by use of pulsgs; and

switch means for increasing or for decreasing
an amount of 1light emitted from said 1light projecting
element.
2. A light projecting circuit in accordance with claim 1
"wherein said swifch means increases or decreases a pulse
width of a pulse' current flowing through said light
projecting element. |
3. A light projecting circuit in accordance with claim 1
wherein said switch means alters a pulse interval of a
pulse current flowing through said light projecting
element.
4. A light projecting circuit in accordance with claim 1
wherein said switch means selects an operation to
sﬁperimpose a direct current onto a pulse current flowing
through said light projecting element.
5. A light projecting circuit of a photoelectric switch
including ? light projecting element and a tramnsistor for
driving said light projecting element by use of pulses
;omprisiﬂg:

a circuit for suvppiving a direct current to

This Sheet Has Been Reilaced
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of this enbodl mw%ﬁmo FIG 10, th PrEch]ﬁ%p%

Q c1lm oy

osciliation output fromth circuit 11 i
frequency divi der gﬂﬁ‘g\! \mt Based on a
bet ween t he freque t pu

synchroni zati on circui t 13 whi ch w I | be described later, the driver

angét he out putsmmmheﬁﬁ&f%—

circuit 14 drives the light projecting elenment 6. As shown in FIG 1la,

a zone of ti ngailkl liighehprdjedtdngpel emdntaxiasdat

switch means for conducting a change-over
between an operation to connect said circuit to said
transistor in parallel and an operation to ?iiscon.nect
said circuit from said transistor.
6. A photoelectric switch employing optical fibers
including a light projécting element and a light
receiving element for receiving a light £from said light
projecting element in which a 1light projecting optical

fiber is disposed at an end portion of said light

" projecting element and a light receiving optical £fiber is

arranged at an end portion of said 1light receiving

optical fiber so0 as to sense an object depending on a

level of a light received by said light receiving element

comprising:

decide meané for determining an amount of 1light
attained ffom said light receiving optica.} fiber Zfor each
first predefermi_ned period; and

light project means £for varying a number of
pulses emitted for each unit period of time from said
light projecting element based on tﬁe amount of light
thus determined by said decide means.
7. A phf:toele;tric switch employing optical fibers in
accordance with claim 6 wherein:

- said decide means includes an integrator

circuit for integrating a receive light signal attained
[
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the end portion of the light—prejeeting optical fi
t*hat “of the |ight recewun&aﬂ tlcaIHflber 8, the |

is. supplied with f
arrpllfler circuit
integrator circuit 18

threshol d val ue Vrefl of the conparator circuit 17. Resul tantly,
| i ght proj ecP¥ng said light receiving element for each first

REPLACEMENT SHEET

gbﬁte r@éew

| n_consequences—FREe=oH e
ue|27the u---' arphe :
het ef or e produces an output, which is bel ow

predetermined 'period and a comparator circuit for
comparing an output from said integrator circuit with a
predetermined threshold value; and =

said light project means includes an oscillator
circuit for oscillating a signal at a second
predetermined period, a frequency divider circuit for
dividing a frequency of an oscillation output from said oscillator
circuit, a synchromnization <circuit for computing a
logical product between an output £rom said comparator
-circuit of said decide means and the oscillation output
from said oscillatﬁr circuit, and a driver circuit for
driving said light projecting element by use of a logical
sum obtained between an output from said synchronization
circuit and an output from said frequency divider circuit.
é. A photoelectric switch employing optical £ibers in
accordance with claim 6 whergin said light project means
includes: |

a voltage/frequency converter for converting a
voltage des:.gnat:.ng the amount of 1light determined by
sa;é ’;ec.lde means J.nto a low-frequency signal hav.tng. a
frequency associated with the wvoltage; and

a driver circuit for driving said light
projecting éleniént based on an . output from said

voltage/frequency converter.

t he

t he

- .
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j; el-ement 6: s driven for each predeterm ned period only by the output from
the frequency divider circuit 12. Nanely, in this state, the light is
emitted at a low |l evel for the operator adjusting the optical axes. Wen an
optical axis adjustnment is conducted under this condition to

substantially establish an alignnment of the optiisiubs-Shest—ideisfa6ght

projecting and
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GND

Fig.3
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19 receiving optical fibers 7 and 8 as shown in FIG 11b, the out put
signal received fromthe [ight receiving elenent 9 is anplified through the

amplifier circuit 15 and the synchronization circuit 16. This time zone
is designated as T2 in FIG 10 in which there is obtained
2 SubstHute—Sheet——>00781 00~
REPLACEMENT SHEET
03 SEP 1996
DAt fieirerencrnenens reeenaeans
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fromthe anplifier circuit 17 an output anplified in association wth the
anount of the received light. The resultant signal is integrated through
the i.ntegrator circuit 18. At a point of time t2 when the integrated
val ue exceeds the predeterm ned threshold value Vrefl, the conparison
out put is produced. | n consequelce, the synchrSubetattt a

out puts a signal devel oped when the conparison output matches with the
oscillation '

Fig.4
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output so-as:tp supply the signal to the driver circuit 14. As a
result, the anmount of light emtted for each unit of time is increased,
whi ch .enabl es the operator to recognize that the end portion of the |ight
projecting optical fiber 7 emts the light with a higher intensity.
Consequently, conparing with the state of FIG 1laSulysti =

axes are not aligned to each other, the operator can gradually establjsh a

conpl ete al i gnnent of REPLACEMENT pro
pate 0.3 SEP 1688
Fig.6
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the optical raxgs. Furthernore, as can be seen fromFI G 1lc, when the
optical axes are finally aligned to each other (in a tine zone T3), the
anplifier circuit 17 generat es an output at a higher |evel and hence the

“int egr ati on out put
5 . Substitute-Strovt——2978196—
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20 becomes tp be increased. |In consequence, as indicated in the range
between the points of tine J[err] and J[err], the conpartor circuit 19

produces an output with a wi der signal w dth. In association therewth,
t he nunber of pulses of the oscillation output passing through the
synchroni zati on circuit 13 bec8nes to be i Y,
the nurmber of- driver pulses for each unit
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time is increased i Dtiett %agﬁée)(gé mebd cuit 14.  Nanel yf} R hﬁ?ff%ﬁﬁa
adj usting the opt| I ves the |ight -hajj ng

intensity. m%\“ e, the operator Vi 888ty cheeksthe
intensity of |Ight tion of the |ight projecting optical fiber

7 to set the level of the armunt of Ilght to a hi
W t hout necessitating the confirmation of the state by rreans of the

i ndi cator |anp 310 or the like om l '
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the photoelgciric swtch, the optical axes can be appropriately

adj usted only by use of the optical fiber portions. Al t hough t he
enbodi.ment enpl oys the frequency divider 12 to divide the frequency of
the original oscillation output by four, the division ratio or the divisor
may be further increased so as to natBl |y obtain SubgiagbeSheehangeraratt he
amount of light emtted fromthe light projecting optical fiber 7 depending
on the degree of the

REPLACEMENT SHEET
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aki gnnment < begfween the optical fibers. Next, a description will be given of

the fifth enbodi ment

accordance wth the present invention. 21

Thi s ,enbodi ment is characterized in that in place of the

' (
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amount of<lighf emtted fromthe |ight projecting optical fiber, t he

peri od of t he | ight em ssion to be intermttently driven is -
changed. FIG 12 is a bl ock diagram showing the constitution of the
enbodi nent . The sanme constituent conmponents of this configuration as

those of FIG 9 are assigned with the sage refer ensgbekitatr-—giest—29T60 -
system of FIG 12 also includes an ordinary-mnde circuit blaclk,101

and an optical axis REPLACEMENT SHEET *
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al-ignmentscié pcuit block 21, which are changed over by neans of a node
change-over switch 5 so as to supply driver and receive signals
associat ed with i ght projecting and receiving elements 6 and 9,
respectively. The circuit block 21 includes an anpllfler CIrCUIt 22 to
anplify a receive signal attained ftbm the subssih =
9. The anplifier circuit 22 supplies an output to a S@
23. This circuit 23
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sampl gs and “holds an anplified output at a timing which will be described

| dfer so as to supply an output to an integrator circuit 24. The
integrator <circuit 24 integrates aNeceived signal" to supply a resultant
signal to an adder circuit 25. In the adder 25, a predeterm ned reference

voltage Vref2 is added to the integrated. output sGubsibute-shedteed29/sios—

result of the addition to a voltage/frequency (VLEl_converter 26
The converter 26 N REPLACEMENT SHEET

PHOTOELECTRIC SWITCH Date ficinneieenn i

[

Abstract

A light projecting circuit of a photoelectric switch
includes a Iight' projecting element (2), a ';_:Iriver circuit (1,3)
for driving the light .prquéting element by use of pulses, and
a change-over switch (4)Hfﬂ<.>r increasing or for decreasing an

amount of light emitted from the light projecting element.

With this provision, in an operation to adjust optical
axes, the change-over switch can be used to increase the amount
of the emitted light. Consequently, the position of the projected

light beam can be easily confirmed.

(Fig.1)
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céﬁver;s a supplied voltage to a | owfrequency signal REPLACEMENT SHEET
22 having a frequency repetition of which is visible and which is
~associated with the value of the input voltage. The converted signal is’

1 Substitute sheet - 30 December-1997
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BACKGROUND OF THE INVENTION

-------- Ramenauzawn

DATE OF recempr .0 JAN 1938 |
Field of the Inveni:ipn .

The present invention relates @ dr—wa—

m—mﬁ;:, —anp———ip————partitalar——to——a

optical—dXit—mand—=Eusthes- to a photoelectric switch
'associated with opticai fibers in which a projected
light is introduced to a sense posi_tion by means of an
optical fiber and a transmitted ligh't or a reflection light
thereof is delivered from the sense pi:siticn to a 1light
receiving element by use of. an optical fiber.
Descriﬁtion of the Prior Aft

Heretofore, in a light j:rojecting circuit of an
photoelec:t;i-c"switch, a light.-emit_:ting diode (LED) is used
a-.s a. light projeﬁ-‘ting element. The LEﬁ is connected to a
resistor for. limiting a current £lowing therethrdugl? and
a transistor as a driver therecf.~ The transistor has a
base, which is supplied with a pulse signal fr;:m an
oscillator so as to be turned on and off -in fesponse
thereto, éhereby resizltantly blinking the LED by use of
the puls_e signal. The photoelectric switch of ' this type

can be used J;.n a wide range of environmental temperatures



defivered to a driver circuit 27 and the sanpl e-and-hold circuit 23. Based -
on the received output, the driver circuit 27 drives the light projecting
element 6. Referring next to timng charts of FIG 13, a description wll "

be given of oper ati ons of this ergqdi t.. As in Fl la,
when the optical axes of the light projeet M&ﬂﬁ%ﬁ@ﬂgm efa?gg ot
aligned to each other, since the integrator circuit 24

ranging from -25C to 55 C . The LED is assigned with a

rated current, which is decreased as the temﬁerature_ is
increased. In consequence, the driving current of the
light projecting LED has a limit associated with .a rated
current developed at an upper limit of the énvir::nmental
temperature -:(#*BI-G-—-G-)-

In the conventional photoelectric switch, the
rated current obtained at the upper 1limit of the
environmental temperature limits the _J..ight érojecting
current. Consequent]_.y, thé amount of the light thus
projected from the LED is not sufficient. Even when a
réd-light LED is employed, a position of a beam of lights
is not easily determined and hence there has been a
problem that a considerably 1long period of time is
necessary to align a light axis, for example, in a light
receiving section.

On the other hana, in a .photoelectric swit.ch.

employing .optical fibers in which the fibers connect a

sense positi_on to 2 sensor unit, for example, as shown in
6

-3

FIG. =% 'a light projecting element 6 of a sensor unit
101 is intermittently driveﬁ (with pulsated signals or
pulses) by means of an oscillat.o:.’ circuit 103 so as to
deliver a light emitting 'output from the light emitting
element 6 ''to a light projecting Opticé.l fiber 7.
Disposed to oppose an end surfaée of the optical fiber _7 -

is an end surface a light =receiving optical £iber 8.



doés not receive any si gni ficant output, the V/F converter 26
directly receives the reference voltage Vref2 from the adder circuit

25, . Resultantly, .as indicated in a tine zone Tl of FIG 13, there is .
pr oduced a - | owfrequency signal having a du exa 50% ‘The _ -
obtained signal is delivered via the dri wer_é_éﬂ‘ﬂﬁ ﬁb%e} 1997
projecting element 6, which in turn emts |ights. Inatine zone TZ 1n

whi ch the blinking state of - the indicator lamp 110 of the sensor
unit 101 disposed at a 1ocation separated from the end
portions of the .optical fibers 7 and 8. Consequently,
when the sensing position (associated with " the end
positions' of the optical fibers) is apart from a ;ocation
of the sensor unit or when a £fine adjustment is required
in the setting of the apparatus, there has been a

disadvantage that the adjustment takes a long period of

time.

A device having the features of the preamble of claim 1 is

known from MODERN ELECTRONIC CIRCUITS .REFERENCE MANUALMcGraw-Hill,

J. Markus, p300, "Light transmission checker".




opf-i cal- axes .are to be gradually aligned to each other, the light receiving
el enent 9 obtains a light signal. The signal i-s passed via the anplifier.
circuit 22 to the sanple- and hold circuit 23. ~In consequence at
p0| nts of tines [err] etc.; the output S|gnal is held so as to

supplied to the integrator circuit 24.Substiyte ﬁh@@fgrapo@ewmbarﬂgsﬂ
hence produces an output with an inereased var ue. NaTeT vyt He—v
converter 26 generates

4a

SUMMARY OF THE INVENTION
It is therefore an object the pi'esent invention
to provide a photoelectric switch in which an amount of
light is increased when adjusting an optical axis to
facilitate an align;xent of a beam position.
A technical problem to be solved in accordance
with . the present invention devised to cope with the -
problems of the conventional photoelectric . switch

employing optical fibers is to confirm an operation state

at end portions of the optical fibers.
The invention is as defined in claim 1.




REPLACEMENT SHEET 23 a | ow frequency signal having a frequency associ ated
with a vol tage obtained by adding the reference voltage Wref2 to the
vol tage outputted fromthe integrator circuit 24.
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reduced as shown in the graph of FIG. 8. Assuming / e
environmental temperature of the LED integrally arganged

in the optical switch to be limited to an upper Lfmit T.,

-

the forward current to be developed is required/ to be at
most I.. However, the environmental tempers ure. is set

to a usual temperature T, at which thg¢/ operator can
4

achieve operations, the <forward curreni flowing' thrpugh
the LED may be set to 1,, which is gfea ar than I,.

In the light projectifig circuit = of the
photoelectric switch according tg/ the present invention,

. . ) 4
when adjusting an optical axis_// the system increases, for

’

example, the light projecfing. current to deveiop a

greater amount of 1light hus projected. In contrast

/ .
thereto, when achieving fan ordinary operation, the switch

means is used Eo reffuce the projected 1light. In the
ordinary operation the amount of projected 1light is.

4
substantially -equg to that of 1light projected from the’
. / .
light projeglting circuit of the conventional

7

photoelectrig/ switch.

/

In accorda.née with the present invention, tPere
is pro¥ided a photoelectric swiféh having a 1light
projefting element to emit a visible light therefrom and

a Aight receiving element to receive the emitted light

4

fuch that the light projecting and receiving elements are



This signal is delivered via the driver circuit 27 to the light projecting
elenment 6, which is thereby driven to emt |ights. Consequent |y, by
visual Iy checking the end portion of the Iight projecting optical fiber-?,_,

the operator can recognize that the period.o th d |v NS PBRELE |onf v
gradual |y reduced. In a state wheré the h
other as showmn in FIG Ilc (tlne zone T3 the end portlon of the Ilght

on a level of 1light received by the lig

aracterized | by

-

element. The photoelectric switch is &

including decide means for determi amount of light

.obta'ined from the 1light receiyd optical fiber for each

AY

first predetermined - and 1light project means for

changing a number per a unit period of time
from the 1ligh 'rojecting element based on the decidgd
amount thus determined by the decide means, -

intermittently driving the light projecting

In accordance with tﬁe_ i:resent inver.ztic;h; .when
aligning optical axes of | the optical fibers, the 1light
projecting element is intermittently driven by the light
projecting means and then the amount of 1light attained
from the light receiving optical £fiber is determined for-

_deciding,
each first. predeterm.ned period by use of the -éeeide-’
means so as to vary the number of light emitting pulses
of the 1light projecting element based on the obtained .
light amount. In consequence, as the optical axes
approach the  aligned ©positions in the oét:i.cal aiir.is
.alignment, the intensity of the light beam emitted from
an enci surface of the light projecting f£iber is increased.

deciding

The degide means £avo rably comprises an

integrator circuit £for integrating the—reeeiver signal



préj ect.i ng optical fiber 7 blinks at a m nim zed period, thereby indicating,

t hat the axi

i nyention, as described above, the axis alignnment can be determ ned

only by vis%tg canfirm ng the state of_the,end ortlons of the Ilght
projecting o ber 7. Al though the B SHbSHiute, sheet 130 Decembesat397
apPioabMes LkightcoRpret¥dngt AleRant hFIc eaca TirsT.

the axis ali

s alignment is conpleted. In accordance with the present

péedete:mxniﬁ periad and 'a . caomparator circuit far
e

comparing ﬁutgut from the integrator circuit with a
predetermined threshold .value. The light projectiag
circuit includes an ascillator c:'.rcgi.t for oscillating a
signal at a second predetermined period, a Erequency divides

circuit £faor a frequeacy of the oscillation ouftput £zom

the oscillator circuit, a synchronization circuit for

producing a logical product or. an ANDed -res_t,:.L.t,.__ beftwean. ..

an output from the comparator circuit of the decide means

and the oscillation output £from the oscillator circuit,

-

and a driver circuit for driving the light projecting

element based on the logical sum or CRed result cbtained
between an ouptut £rom the . synchronxzat;on cz.rcu:.t and a.u

cutput from the frequency divider cirzcuic.

".’he.-:seee;'.-ve- s'i.gﬁ.alLis integrated for ea-ch.
precetermined period by use gf the integratoar circﬁit
such t'hat the comparator circui‘; proc‘.‘u;:es a. | g:onip;riscri'
outgut havin.g'a signal Qidth associated with the amcuat of
the receive light. By using the resx;lta.nt signal
as a gate signal, when an oscillation signal is sugglied
to the 1light projecting element, the number of emitteci
pulses per the unit time is altered, thereby changing
the 'im:er.sicy of the lighe beaa.

The light projectaor circuit may also be

constituted with a voltage/frequency (V/F) coanverter for



efrbodi ment, it may al so be possible to | ower the blinking frequency for

this purpose. In the respective enbodi nent s above, t he

or di nary- node circuit block and the opt i cal axi s alignnent
circuit block are disposed to be independent of each other; however, the
circuit configuration can be natural ly &i Pupsiijitute sheet <h40i 2917

C'rCU'tS_ Acorvie®ting a voltage represeQ;I;E_;;;_——II§;;~_—;mouh£
determined by the decide means into a low-frequency signal
having a frequency corresponding to the voltage and a
driver 'circuit for driving fhe light projectinhg element
based on an output from the voltage/frqugncy conye;ter.

| The 1light projector means i; pfovided with a
voltage/frequeﬁcy converter so that based on an amount of
the receive 1light, the intermittent' frequency of 1light
at a visible level is <changed by wuse of the
voltage/frequency converter.

In accordance. with <the present invention, as
&escribed above, when aligning optical axes at end
portions of the optical fibers, the alignment of the
optical axes can be checked depending on the amount of
light emitted from the light projecting optical fiﬁer or
on the frequency of the blinking. Consequently, thg
indication on the sensor unit need not.beiCOnfirmed fof
the purpose above. Namely, the confirmation can be
accoﬁplishéd"by ﬁhe light at the eand portion cf the
optical fiﬁer_ As a result, the operafion to align the
optical axes of the optical fibers is £facilitated, which
leads to an advantageous effect that the operation can be
easily confirmed.

'BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and advantages of the

present iﬁvention will become apparent by .reference to the



24 oscillator circuit, the driver circuit, and the anplifier circuit. Wile
the -part | cul ar enbodi nent s of the invention have been shown and

descri bed,

changes

it wll be obvious to those skilled in the art that vari ous
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light projecting circuit of a photoelectric switch agya
Eirst embodiment in accordance with the present inventjga:

FIG. 2 is a circuit diagram schegdtically

showing & specific example of a. pulse driver ircuit of

.’"’cne light projecting circuit of the first embcfiment:
FIG. 3 is a graph showing wavef orms useful to
4
explain operations of the light. projecys ,rlg,.c:'._:.}:uf;.t,__g_f the

first embadiment:

FIG. 4 is a circuit agram showing a light
7
projecting circuit of a photoe ctric switch as a sacond

emhodiment in accordance wihe present invention:
h

FIG. S5 is a grz#pbh showing waveforms useful to

explain operations of’ ,/ light projecting circuit of the
4

second embodiment:
'f:.-'IG-." 6l y. " a circuit diagram showing a puise
4 . : .
driver circuit //: a photoele:ﬁtrit switch as a thiré
embodiment with the present invention;
7 is a graph showing waveforms useful to
expla:.n eratxons of the th:.rd embodiment;

/ ' FIG. 8 is a graph. showing cna.:acteris tics

'_FI'G. == is a block circuit diagram showing the’

constitution of  the primary portion of a ghotoelect:i;



and nodi fications may be nmade without departing fromthe present i nvention -
in its broader aspects. 25 Clains 1. A light projecting circuit of a
phot oel ectric switch : :

10_Substitute shset - 30 December 1997

swi.t.ch u-sl.ng optical €£ibers as

accardance with the present ianvention; '
-2 _

FIG. -'{9*-1.?. a timing chart showing op:eraticns' Qf
the switch of FIG. ; |

FIGS. %iﬁ:' to %’:;:.-e:-are diagréms s'howin.g al.ignment
states of optical axes at the ends respectively; of the
light receiving and projecting optical fibers:

?IG. '_i%"—‘is a block circuit diagram showing ,a
' ' . . second
photoelectric switch using optical fibers as.-‘a"
embodiment in accordance with the _pr-esent. inventiéé;

5 _

FIG. =% is a timing chart showing operations of
4

the switch of I-'Ié. ;— and

FIG. .?_i:%: is ' a block circuit diagram
schematically showing é. conventionai p'actoele;:tric
switch using opti-c§l fibers.

DESCRIPT;’.ON OF TEE PREFERRED EMBODIMENTS

geferring now to the drawings, desc:j_._oticn will

be given oi‘;__ an embodiment of a photoelectric switch

according to the present invention. "o




conprising: a light projecting element; a a driver circuit for driving
said - light projecting elenent by use of pulses; and switch nmeans for
increasing or for decreasing an anount of light emtted fromsaid |ight

rlj‘rQJ ecting el enent. 2.. A light project H_q_gsﬁbgt?tlﬂtcta shre]egg%(a B%ggrenbvé”rtfbﬁ ai.m.

- ¥ - a¥- ala ~Ya - - - - Yy = Py = =

driver circuit 1. FIG. 2 shows a concrete circujy/

example of the pulse driver circuit 1. This cirguit
structure has beén commonly known. Returning 8 the
circuit diagram of FIG; 1, in parallel ¢to series

circuit including the resistor R, and the trgasistor 3,

there is connected a series circuit constifuted with a

resistor R, and a switch 4.

In this circuit cdaistitution. ﬁen.the switch 4°
.is set to OFF, the transistor 3 is tyfned on, as shown in
the left portion of the graph of FIG. 3ch time a pulse signal is
.received from the pulse driver circuit 1 As a result, a drive
current flows therethrough so /as to turn the LED 2 on.
When the switch 4 is se /'/ ON, the resistor R. is
connectec_l in parallel ¢to /,"/ series circﬁit- ;‘.ncluding the
resistor R, and the ”;»’/ 3. © In consequence, a
direct current (dc) / flowing through the resistor R,
is additionally to the LED 2. Namely, the drive
current the direct current I, and the pulse
current thereonto as. shown. in the right

portion of graph of FIG. 3. As a result, when the

switch is turned on, the amount of emitted light
. /«' B

4

developg a maximum value.

In this embodiment, the operations to turn the

swiftch 4 on anéd off does not influencte the alternate

.

L
- - - e e e



wherein said swtch neans increases or decreases a pulse width of a pul se
current flowi ng through said light projecting elenent. 3. A |ight

projecting circuit in accordance with claim 1l wherein said switch neans
of a pul se cur_rlﬁné flO 1..jh chﬁuﬁbp1d§7ght'
g LacCorganto—w-thomt-ai

dlters a pulse interval
projecting element. 4. A light projecti

1

.
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light receiving side, the dc component can be removed by
use of a differentiation circuit or the other cifcuits
and hence the semsitivity of the system may be djusted
with +the light amount kept increased. In/ addition;

since the interval between 1light projections is fixed,
. Y/

/,
Y/

the —response speed is also  kept /./4 ned, thereby
obtaining a condition identical to the g fival wtilization
state. ’

FIG. 4 is a circuit of a 1light

projecting circuit of a phctoeleic switch as a second

embodiment in accordance with present invention. In

the light projector circuit of this embodiment, .there .are

connected, between the po r sﬁpply +V and the grouﬁd.

potential GND, a serieg circuit including an LED 2,
resistors R, and R,,, #nd a transistor 3. The transistor
3 has a base to be gupplied with a pulse signal also from

a pulse driver ciycuit 1. The resistor R;. is connected

' to a switch 4 at bofh end thereof, which forms a short circuit across the

resistor The switch 4 i'_s disposed to change. over a
magnitude pulse driving current.

In the circuit configurﬁticn o"f this
embodiméent, when the switch 4 is turned off, thé circuit
whiclt’' flows a drive current to the LED 2 is connected to

rent limiting resistors R, anéd R,.. Since these

P tatively———en e T



wherein said switch neans selects an operation to superinpose a

direct current onto a pulse current flow ng through said light projecting

el Ie_meRt. 5. Al ghtI projecting circuit of a photoelectric switch including

& light projecting element and a transigter. for driyin ' | i.ght .
proj ecting el ement by use of pul ses compd §ph§tlttge(§¥\eggrffd BP."@ MR A9,

direct current to _

waveform on the left-hand side of the graph of FIG. /'.

When the switch 4 is set to ON, the resistor R is

connected to a short circuit _thus established a: hence

the level of the light projecting current flowi o/c/ through
/

the LED 2 is increased. Namely, the amount ¢gf projected

7,

light becomes to be greater as compared // that of
4
u/
light projected when the switch 4 is in the/off state.
' /.- .-

Y

FIG. 6 is a circuit "énaf&ng 'v-.a~ -pukse
driver circuit for a ‘light proj circuit in- a
photoelectric switch as a third t odiment in accordance
with the present invention. / geﬁeral pulse driver
cir_cuit shown in FIG. 2, the.'.lse signal delivered ffom_
" an output terminal O, has / width which depends on
a value of C,, x R;, pulse interval which dé.pends
on a value of C,, x where C,, is capacitance of the
capacitor C;: and and R;, are resistan_ce values éf
the resistors R,; / ' Ri:, respective]l.y.' " Consequently,
in the c.cnfigui'on of FIG. 6, a registor R,,. |is
connected to resistor R,, in parallel so as to
configure circuit system such that_ the connection of
the R,,. is established and disconneéted by

4
/4

turning/a switch 4a on and off. Although not shown in

this /constitution, in the light projecting circuit, there
is/ connected a series circuit including an LED, a



26 said light projecting elenent; and switch neans for conducting a
change- over - bet ween an operation to connect said circuit to said transistor
in parallel and an operation to di sconnect

' Sk ket ahaial bl R et - e o M . Y e o R T T e o R o O - - BT

of the pulse driver circuit.

In this circuit, when the switch 4a is/set to
OFF, the pulse interval is determined Dby the glues lof
C,: and R,., as shown in the left-side pértio‘ of FIG. 7.

When the switch 43 is turned on, the regigtor Riia is
connected to the resistor R,, in parallg and hence the
pulse interval is represen_t"e!;% as C .:'r' felﬁ-;-\--'}!.'_«-i';»%(.ﬁm- o
ﬁ, 1al)l- Namely, the pulse interval/ is reduced as shown

'in the right-hand side cf fIG. 7/ The number of pulses

per the unit period of time is im_:reased. which leads to

an increase of the amount of epfitted light.

Also in this egbodiment, 1like .::.n tl';e firé*f:
embodiment, the 1level Af the pulse current is kept
unchanged regardless o 5/ the operations  to turn on and off-
the switch 4a. Infconsequence, the semsitivity can be
adjusted with the }Jfght amount kept increased.’ . ;

In acgprdance with the present invention, there
is disposed /switch means capable of increasing. or
decreasing »the amount of light emitted <£from the 'light
projecting element. Consequently, _in an operation to
adjust / optical axes, the switch c¢an be operated to

projgct the light of which the amount is greater than

thét of <+he light projected in the ordinary operation.

-

- g . - ~ . 2 oy . e . X I rap—



gaid circuit fromsaid transistor. 6. A photoelectric swtch

enpl oyi ng

.optical fibers including a light projecting element

l'ight receiving elenment for receiving a light fromsaid |ight prOJect

element in which a light projecting optical
portion of said light projecting elenent #i'
fiber is arranged at an end portion of said

fibe
bate

i ght receiving

= .
FIG. = iis a block diagram showing a

photoelectric switch employing optical fibers as a

first

Zouzeh embodiment in accordance with the* present
invention. As can be seen from this configuration, a
photoelectric switch 10 emploving cptical fibers

includes a circuit block 101 operative in the ordinary

mode to detect presence or absence :of lan ‘'oBject, ‘‘an

operation indicator lamp 110 to indicate operations
thereof, and a circuit block 20 to be operated to align
optical axes. The change-over between the ordinary 'mode
and the optical axis alignment mode is accomplished Dby
means of a change-over switch 5 arranged on a ‘panel of
the photoelectric switch. Either one of outputs £from the

circuit blocks 101 and 20 is fed to a light projecting

and
i ng

element .6 depending on the state of the change-over

switch 5. The light projecting element 6 em.ts a visible
light in ;:esponse to_ a signal produced from either one of
the circuit blocks 101 and 20. The emitted light is fed
to a light projecting optical £fiber 7. Like in the case
of the conventional example above.. an .end pertio:i ef a

light receiving optical £iber 8 is disposed %toc oppose. an

end portion of the light projecting optical f£iber 7. The

light receiving optical £fiber B8 is used to conduct the

light from a sense region to a photoelectric switch 10.

The optical £ibder 8 is connected ¢to a 1light receiving

a’



optical fiber so as to sense an object depending on a |level of a |ight

received by said light receiving el enent conprising: decide neans for

determ ning an anount of |ight attained fromsaid |light receiving optical .

fi ber for each first predeterm ned period; 4 L.ght. Rk Oj o .

varying a nunber of pulses emtted for eac ﬁﬂgil;ndtg_.ghegi gvaie%&m.sai_d." L
' 16

element 9 at other end portion thereof. A light emitted from
the light projecting element 6 and obtained from the sense
region is received by the light receiving element 9 so as
to be converted therein into an electric. siénil. | The
light receiving element 9 delivers a resultant signal as
an output therefrom toc the ordinary-mode block 101 and to
the optical axis alignment circuit block 20.

The configuration of ..the ordinary-mode -.circuit-
block 101 is identical to that of the sensor unit (FIG.

6
<+ of the conventional photoelectric switch employing

optical £fibers described above. In consequence, the
: -1
constitution thereof is not shown .in FIG. == A

description will next be given of the optical axis
alignment circuit block 20. This circuit block 20
includes an oscillator circuit 11 oscillating at a
predetermined period. The oscillator 11 delivers an
output to a frequency dividér circuit 12. and a
synchronization éircuit : 13. The £frequency divider 12 divides
the f:equenc& oscillation output, for example, by four and supplies
an output to a driver circuit 14. The light receiving
element § produces a receive signal, which is then
amplified by an amplifier circuit 15 sc as to be fed to a
synchroni:ati'on circuit 16. The synchronization circuit
16 is supplied with the £requency cdivided ogutput froﬁ the
frequency divider 12 such that the amplified output is

further deiivered therefrom to an ampl:fier circuit 17 by



Ii ght projecting el ement based on the amount of |ight thus determ ned by

sai d deci de neans. 7. A photoel ectric switch enploying optical fibers

i n accordance with claim6 wherein: said deci de neans i ncl udes an

i"fntegrator circuit for integrating a recei ggblsh&pé s%ieggqlzaébte%iemi. 1997
17 — '

using the frequency divided output as a gate signal.  The
amplifier circuit 17 generates an amplified output, which
is supplied via an integrator circuit 18 to a comparator
circuit 19. The comparator ci_rcuit 19 is prov::.dcid with a
predefemined threshold value Vrefl set thereto so as to
supply the synchronization circuit 13 .with a signal
exceeding the level of t};e threshold value Vrefl. Based
on the coamparison output as a -:gate .signal, ..:the"
synchronization éircuit 13 creates a synchronization
signal based on a logical product between the comparison
output and the oscillation output, thereby delivering the
resutant signal to the driver circuit 1l4. The driye:
circuit 14 produces a drive signal based on a -logical sum
obtained between the output £from <the frequency divider
‘circuit 12 and the output from the synchronization
circuit 13 so as to drive the light projecting element-
6. Incidentally, the anplifier <circuit ié,- "the
synchronization circuit 16, the amplifier circuit 17, the
integrator .' circuit 18, and the comparator circuit 19
" constitute decide means for determining an amount of
light receivea by the 1light :eceiving éptical fiﬁér 8 for
each predetermined period. bn the other hand, the
oscillator circuit 12, the £requency divider circuit 12, the
synchronizdtion circuit 13, and the driver circuit 14
configure light project means £for intermittently &riving

the light projecting element 6 by -shag*ng"mux&‘.. e number of



27 by sai d l'ight réceiving el ement for each  first
‘predetermned -period and -a conparator circuit for conparing an
output fromsaid integrator circuit with a predeternined t hreshol d val ue;

and said |ight proj ect means |ncludes an § circ fo
oscill ati ng a Si gna| at . Secon tltu&e Sheet % Decemi)er 1997 .
pulses emitted therefrom for each unit period of time

based on the determined light amount.

- Next, a description will be given of -operations
of this embodiment. Referring now to FIG. fz,the fr~eq'2ency of the
oscillation output from the oscillator circuit 11 is
divided by the .frequency divider circuit 12 by £four. Based
on a logical sum 'computed between the frequency divided
.output and the oﬁtput from the. synchronization- circuif. .13..

which will be described 1later, the driver circuit 14

drives the light projecting element 6. As shown in FIG.
3

)

*rw, in a zone of time 'r1_ in which the optical axis at
-the end portion of the light projecting optical fibe; 7
is not aligned to that of the light receiving optical
fiber 8, the light receiving element ¢ is supplied with
few output signals. In consequence, the output £from the
amplifier circuit 17 develops a value in the l’leizl'tbOﬂWOf.1
of zero. The integrator circuit ‘18 theiéfore bi‘oéhii:es an
o;1tput, which is below the threshold value Vréfl of the
comparator.' cin_:uit 17. Resultantly, the light projecting
element 6 is driven for each predetermined period only by
the output £rom the frequency divider circuit 12.  Namely, in
this state, the light is emitted at a low level £or the
operator acdjusting the optical axes.

When an optical axis adjustment is conducted
under  this conditibn to 'sub.stantiall establish an

alignment of the optical axes of the light prcjecting anc



pr edet er m ned

peri od, a frequency divider circuit for dividing a

frequency of an oscillation output fromsaid oscillator circuit, a
synchroni zation circuit for conmputing a |ogical product. between an
gutput from said conparator circuit of said decide neans and the _
oscillation output from'said oscillator ci Sibs.-ltuta,ﬁhegta@a%ﬁecpmhﬁsi19$%r_
driving said light projecting elenment by1®e of a |logical sum obt a:;'ned
bet ween an output fromsaid sglnchroni zation =

receiving optical fibers 7 and 8 as shown in FIG. =5,
the output signal recéived from the light receiving.
element 9 is amplified through the amplifie;_: circuit 15
and the synchronization circuit 16. This t::.mi zone is
designated as T2 in FIG. ;l% in which. there is obtained
from the amplifier circuit 17 an output amplified in
association with the' amount o©f the received light. The
resultant signal is integrated _thr_ou_gh the . -integrator -
circuit 18. At a point of time +; when the integrated
value exceeds the predetermined threshold value Vrefl,
the comparison output is produced. In consequence, the
synchronization circuit 13 outpt?ts 2a- signal develqped
when the comparison output mafches wi;ch the os’_cillation"'
output so as to supply the signal to the driver circuit
14. As a r_esult. the amount o©of light emitted £or each
unit of time is increased, which en_ab'les the operator fo
recognize that the end portion of the light projecting
optical fiber 7 emits the light with a higher intensity.
Consequentiy, comparing with the state of FIG. &E in
which the optical axes are not aligned to each other, the
operator can gradually establish a complete alignment of
the optical axes.
| - =

Furthermore, as can be seen Zrom FIG. <=c, when

the optical axes are £finally aligned to each other (in a

time =z=one T3),. the amplifier circuit 17 generates an

output at 2 higher level and hence the integration output



circuit and an output fromsaid frequency divider circuit. 8. A _
photoel ectric switch enploying optical fibers in accordance with claim6
wherein said |ight project means includes: a voltage/frequency converter

for converti ng a voltage designating the amount. f Light erm it—%g—?\llal d.
deci de nmeans into a | owfrequency signal . etz : S5
the vol tage; and 20

hecomes to Dbe increased. In consequence, as indicated in
the range between the points c;f time t, and t..
the compartor circuit 19 produces an output with a wider
signal width. In association therewith, the “number of
puises of the oscillation output passing through the-
synchronization circuit 13 becomés to be greater.

Resultantly, the number of driver pulses for each unit

Y o D TR AL TR L A

time is increased in the dr:.ve" c-rcu*t ‘4. Né.:fxeiy, the
operator adjusting the optical axes perceives the light
having & higher intensity. As described above, the
operator wvisually checks the intensity of lighf at the
end portion of the light projecting optical fiber 7 to
set the level of the amount of light to a highe: level.
Namely, without necessitating the confirmation of the
state by means of_ the indicator lamp 110 or the like on
the photoelectric switch, t_'he cptic;;.. axes can be
appropriateljr adjusted only by use of the optical fiber
portioms.. Although the embodiment employs the
frequency divider lZ to divide the frequency of the original oscillacion
cutput by four, the division ratic or the divisor may be
ifurther' increaseé¢ so as %o natually o'btai'n a. creater
change 3in the amount of 1light emitted £rom the 1light
p-cjecting optical Zfiber 7 depending on the degree of the
élignment'between the optical £fibers.

__Second

- Next, a description w-ll be g*veu of ' the -."'4‘5—*@5-

embocdiment 1n accordance with <+<he present inveation.



a driver «circuit for driving said l'ight projecting element based
on an out put from said voltage/frequency converter.
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This embodiment.is characterized in that in place of the
amount of light emitted from the light projecting optical
fiber, the period of the light _e_zgissicn. to be
intermittently driven is changed. fIG. é i3 a block
diagram showing the constitution of the embodiment. = The
same constituent components o©f this configuration as
those of FIG. 3’% are assignecd with4 the same reference
nﬁmerals. The system of F'IG. : alsc; in:c;l.\.:.d;; .a:.1'
ordinazy-mode_ circuit block 101 and an optical axis
alignment circuit block 21, which are changed over by
means of a mode change-over switch 5 so as to supply
driver and receive signalé associated with light
projecting and receiving elements 6 and 8, respectively.
'l'hé circuit block 21 includes an amplifier éircuit 22 to
amplify a :e;eive s;g:ial attained £rom the light
receiving element 9. The amplifier cirecuit 22 supplies an
output to a sample-and-hold circuit 23. This circuit 23
samples and holds an amplified__‘___output at a timing which
will be described later so as to sﬁpply an output to an
integrator «circuit 24. The integrator circuit .24
integrates a received signal té supply a.:esultaz.xt. signai
to an adder circuit 25. In the adder 25, a predetermined
reference voltage Vref2 is adéed to +he integrated output
so as +o Zfeed tné result o©of +the adéition to a

voltage/<frequency (V/F) converter 26. The converter 26

converts a supplied voltage to a low-frequency signal
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having a frequercy repetition of which is visible and which is
associated with the value of the input voltage. The converted signal is
delivered to a driver circuit 27 and the sample-and-hold
circuit 23. Based on the received output, .th‘e ériver
circuit 27 drives the light projecting element 6.

Referring next to timing charts of FIG. -1-3-1_5—;:-.1
description will be given 3of operations of this
embodiment. As shown in FIG. "fi:ra* when the. optical. - agxes ~:-:
of the 1light projecting and receiving <£ibers are not
aligned to each other, since ¢the integrator c.ircuit 24
does not receive any significant' output, the V/F
converter 26 directly receives the reference voltage
Vref2 from the adder circuit 25. Resulta.nfly, as
indicated in a time zone T1 of FIG. : there is produced
a low-fréquen'cy signal hav:_i.ng a duty of, £or example,
50%. The obtained signal is delivered via the drive:."
circuit 27 to the light projecting element 6 which
in turn emits lights. In a time zone T2 in which the
optiéé.l ax;s ai:e to be gradually aligned to each other,

the 1light receiviné element 9 obtains a 1light signal.

The signal is passed via the amplifier circuit 22 to the

sample-and-hold circuit 23. In consegquence, at points
of times t:.,, %,:, etc., the output sicnal is held so as
to be supplied to the integrator circuit 24. The

" integrator circuit 24 hence produces an output with an

increased value. Namely, the V/F converter 26 generates
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a low-frequency signai having a frequenc? associated with
a voltage obtained by adding the reference voltage Vref2
to the voltage outputted from the integrator <circuit 24.
This signal is delivered via the driver circuit 27 to the '
light projecting element 6, which is thereby d&riven to
emit lights. Consequently, by wvisually checking the end

portion of the 1light projecting optical £ibe

H

7, the

.
A

operator can recognize that £he period of .:the’ ériving
operation is gradually reduced. In a state where the
optical axes are aligned to each other as shown in FIG.
.':3'&:: (time zone T3), the end portion of the light
projecting optical fiber 7 blinks at a minimize'é period,
thereby indicating that the axis alignment is completed.
In accordance with the present invention, as described
above, the axis alignment can be determined only by
visually confirming the state of the end portions of the
light projecting optical fiber 7.

'Although the blinking £frequency is increased as
the axis alignment approaches the completed state in this
embodiment, it may alsc be possible to lower the blinking
£requency £for this puxpose. o

. In the respective embodiments above, the '
orcinary-mode circuit _ block and the optical axis
alignment circuit block are disposed to be independent of
each other; however, the iscuit configufatioﬁ can be

naturally simplified Dbv sharing such c:rcuits as the
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oscillator circﬁiﬁ. the driver circuit, and the amplifier

circuit.
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Claims

1. A photoelectric switch having:

a light projecting element (6);

a light receiving element (9) for outputting a signal representing
received light;

a light projecting optical fiber (7) for introducing light emitted from
said light projecting element to a sensing position;

a light receiving optical fiber (8) for leading light from the sensing
position to said light receiving element;

a detecting circuit (106, 107, 108, 109) for sensing an object on the
basis of a level of the signal outputted from said light receiving element; and

deciding means (16, 18, 19, 23, 24) for determining an amount of
light attained from said light receiving optical fiber; |

characterized in that said photoelectric switch has a means (20, 21)
for an optical alignment, said means béing' activated by a signal indicating an
optical alignment mode set by a mode switch (5), and comprising: |

light projection control means (11, 12, 13, 14, 25, 26, 27) for
controlling said light projecting element so as to vary the time during which light
is being emitted for a predetermined period from said light projecting element
based on the amount of light determined'by said deciding means.

2. A ﬁhotoelectric switch in accordance with claim 1 characterized in
that

said deciding means includes an integrator circuit (18) for integrating
the signal outputted by said light receiving element for each first predetermined
period and a comparator circuit (19) for comparing the output from said integrator
circuit with a predetermined threshold value; and

said light projection control means includes an oscillator circuit
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{(11) for oscillating a signal at a second predetermined period, a frequency
divider circuit (12) for dividing the frequency of the oscillation output from said
oscillator circuit, a synchronization circuit {13) for operating the logical product
between the outpui: from said comparator circuit of said deciding means and
the oscillation output from said oscillator circuit, and a driver circuit (14) for
drivihg said light projecting element by use of the logical sum between the
“output from said synchronization circuit and the output from said frequency

divider circuit.

3. A photoelectric switch in accon;dance With claim 1 charécterized
in that said light projection control means includes :
| a voltage/frequency c&ﬁ(ferter (26) for converting a voltage
representing the amdunt of light determiined by said deciding means into a low-
frequency signal having a frequency".'é‘é's:ociated with the voltage; and
| a driver circuit (27) for dfi\'lihg' said light projecting' element based

on the output from said voltage/frequency converter.



1 Substitute sheet - 30 December 1997

LINNID LINJUTD
YOINUORINT NOLIVZIN
[ . -OUIIDNAS
J LI ] Gl
8l . ol
AN
ONTATIZOM | | ~ | B
VINOUID | MO
™ LINDUID | 5
YOLVUVIWDD ety , ;
J -OUIDNAS
6l ]
¢l
LINDUID
stnoury | | | LI0OUID | uaarug
YOLVITIOSO | YIAIAID
ANANO J ~{ INIWTTH _
] J 4 oNTLOdcoud | [ g
7 9 J
oz’
%2018 LINDUID o
JAGOH- AYVNTAYO
a { $ 101
- / .\
s _ dWV'] ol”/
UOLVITANT .
s ol [ *6id




2 Substitute sheet - 30 December 1997

=

=
|

. +Nd4LN0
T LINJYID ¥IAI¥d

LAdLNO €T LINDYID
NOLLVYZINOUHONAS

4040
6T LINDYID YOLVUVIWOO

%

4/ 130IA

4Nd1N0
8T LINJYIO YOLWHOBINI

UL

JUUL

:

LNAIN0
LT LINJYID YITITTIWY

}

LNdLNO 2T LINDYID
YFAIAIA ADNINOIU

LNdLNO TT LINDYID
JOLVITIDSO

-— €1

cl

L

2 'bid



3 Substitute sheet - 36 December 1997

/'//,,
-~
Fig.3c
= 7
7 |



4 Substitute sheet - 30 December 1997

LI Hk
u)

+ " b14

LINDYUID ——
sl W P
I UYOLVIOAINT _\umwszm
Ge 22
J J . NGNS
ve €e : onIataom | [C
449171
HALUAIANOD LINJUIO ﬂm
d/A dIAINA
) \ INIWT1E
9¢ 4o ONILOAC0Nd
7 ~__uo11
o]
127 9/
#2078 LINDUID
- 90OW-AYYNIAYO
| _ﬁv_“
[
/ - \
ol’
& dWV ]
G HOLVYIOIANI
i



>
2 - ZjoUN |
.w v . LNdLNOo
E S ¢z LINDYID ¥AAAY
9 J
[]
o
o
m
%
2 ‘ _ LNdLNo
@ J _ vZ LINDUID UOLVUDIALINI
[)] .
God
= 4
&
o)
(7]
K]
@
LNALNO
? %L 2z LINDUID WIATJIITAWV
2 "
l_ . . _‘ LNdLNo
. : 9z MIALYFANOD 4/A
el -— rA R — L

) Eani (o



6 Substitute sheet - 30 December 1997

- LTNDUTD ._oﬂwww.w - — SINDUID | — LINDYIO _ on_uamowg C ~
7 n ) : ) |
- 60l 80l 20| mMu_ 6 _
LINSUTO r_ ontLoa0ud || _ )
ULV .
11050 _ LDIT Y
— cOl 3 :
_ . dWV'T _ _ .
YOLVIIANT . f
o]

(
ol 14V ¥olud o "By

Vo b



Substitute sheet - 19 August 1998

PHOTOELECTRIC SWITCH

Abstract

In an photoelectric switch, light emitted from a light
projecting element (6) is introduced through an optical
fiber (7) to a sensing position.and the light from the
sensing position is led to a light receiving element (9)
through an optical fiber (8). The level of the received
light is determined by a circuit (16, 18, 19). 1In order to
facilitate an alignment of a beam ppsition when adjusting
optical axes of the optical fibers (7, 8), the light
projecting element (6) is so controlled by a circuit (11,
12, 13, 14), when an optical alignment mode is set by a mode
switch (5), that the time during which light is being
emitted is varied based on the determined level of the
received light.

(Fig. 1)
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