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lens so as to correspond to a light-emitting element, and the concave lens
is arranged In proximity to the REFLECTIVE-TYPE PHOTOELECTRIC SENSOR
light-projecting convex lens or is Integrated with the light-projecting
convex lens. A portion of the light BACKGROUND OF THE INVENTION
5   emitted by the light-emitting element Is collimated by the
light-projecting convex lens and is projected off Field of the Invention:
into the distance. The remaining portion of the light emitted by the
light-emitting element is diverged to ir- This Invention relates to a
reflective-type photo-  radiate the range of short distances by the concave
electric sensor.                              10  lens. As a result, the
projected light and the range of detection are widened over a range of from
very short Description of Related Art                        to long
distances. With the structure having the foregoing lens ar- Fig. 24
illustrates a portion of a conventional re-  rangement, however, the
concave lens is used in or- flective-type photoelectric sensor. This
reflective-ty-  15  der to irradiate the range of short distances. Conse-
pe photoelectric sensor Is equipped with a light-  quently, the projected
light Is diverged equally in all di- emitting element 1.a light-projecting
convex lens 101  rections and therefore the intensity of the projected for
collimating light emitted by the light-emitting ele-  light is low at very
short distances. As a result, there ment I and projecting the collimated
lighttowardade-  are cases where received-light output of the light-
tection zone, a light-receiving convex lens 102 for  20  receiving element
cannot attain a level high enough condensing light reflected from an object
to be   to enable detection of the object Detection at very sensed located
in the detection zone, and a light-  short distances becomes unstable
particularly with receiving element 2 for receiving the light, which is
regard to an object exhibiting low reflectance. Fur- condensed by the
light-receiving lens 102, and out-  thermore, since the projected light is
diverged by the putting a signal Indicative of the light received. The   25
concave lens, as mentioned above, the detection sensor is adapted to output
a signal, which indicates  zone is broadened and an object at a specific
position detection of the object, based on the output signal of  cannot be
detected. Thus, various problems arse. the light-receiving element 2. The
light-emitting ele- ment I and light-receiving element 2 are optically
SUMMARY OF THE INVENTION shielded from each other by a barrier.        30
The conventional reflective-type photoelectric     An object of the present
Invention is to provide a sensor employs the convex lenses as an optical
sys-  reflective-type photoelectric sensor in which re- tem for receiving
light Accordingly, though the object  ceived-light output atveryshort
distances Is enlarged to be sensed can be sensed if it Is at a distance re
so that an object to be detected can be detected at mote from the
photoelectric sensor, It cannot be   35  high sensitivity both at long and
very short distances. sensed if it Is in dose proximity to the sensor.
Another object of the present Invention is to pro- The curve represented by
the dashed line indicat-  vide a reflective-type photoelectric sensor in
which it ed at A in Fig. 7 illustrates the sensitivity of the con-  is
possible to limitthe detection zone so that an object ventional
reflective-type electromagnetic sensor.  at a specific position can be
detected. The horizontal axis in Fig. 7 represents the distance   40  A
reflective-type photoelectric sensor in accor- from the photoelectric
sensor to the object to be  dance with the present invention is defined in
claims sensed, and the vertical axis represents the level (re-  I and 15.
ceived-light output) of the outputsignal from the light-  The optical
element is realized by a bulk lens con- receiving element 2. The object is
capable of being  sisting of glass, plastic or the like for refracting
light sensed within a range in which the received-light out-  45  by the
convex or concave surface of the lens body, a put exceeds a threshold
value. The rceived-light out-  reflector having a concave or convex
reflecting sur- put of the conventional photoelectric sensor indicated
face from which reflected light Is condensed or di- by the curve A declines
sharply very near the sensor,  verged, or a Fresnel lens comprising a
plurality of an- and the range of distances very near the sensor Is a
nular or linear band-shaped lens portions. blind zone in which the object
cannot be sensed.  50   The above-described optical element preferably A
structure with a lens arrangement so adapted  is provided in the
light-receiving optical system. In this as to make possible detection of an
object not only in  arrangement, the light emitted by the light-emitting a
remote region but also at veryshortdistances is dis-  element passes
through the light-projecting optical closed in JP-A-59-125709. In the
structure having  system to be converted into collimated light or con- this
arrangement, the lght-projecting lens and light-  55  densed light which is
projected toward the detection receiving lens are both constituted by
convex lenses,  zone. The light diffusely reflected from the object re- and
a concave lens is provided between the light-  siding in the detection zone
is received by the light- projecting convex lens and the light-receiving
convex  receiving element via the light-receiving optical sys- 2  
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the object to be detected is corn-  the lens arrangement disclosed In the
abovemen- paratively far, the reflected light from the object is  tioned
laid-open publication. In addition, since the de- condensed on the
light-receiving surface of the light-  tection zone is merely widened
solely in the direction receiving element mainly by the portion (e.g., the
con-  parallel to the aforementioned plane, it Is possible to vex lens
portion) conventionally Incorporated In the   5   detect an object in a
comparatively restricted area. light-receiving optical system to perform
the light-    Other features and advantages of the present in- condensing
operation. In a case where the object to  vention will be apparent from the
following descrip- be detected Is at a very short distance, the reflected
tion taken in conjunction with the accompanying light from the object is
guided onto the light-receiving  drawings, In which like reference
characters desig- surface of the light-receiving element mainly by the   10
nate the same or similar parts throughout the figures abovementioned
optical element. More specifically,  thereof. the reflected light from the
object located at a very short distance is diverged in a direction parallel
to a  BRIEF DESCRIPTION OF THE DRAWINGS plane containing the optic axis of
the light-emitting element and the optic axis of the light-receiving ele-
15  Fig.  is a partially cut-away side view illustrating ment, whereby some
of the light is made to impinge      an embodiment of a reflective-type
photoelectric upon the light-receiving element. The reflected light is
sensor according to the present invention; condensed In a direction
perpendicular to the same      Fig. 2 Is a perspective view Illustrating an
exam- plane, among which some of light passing along the      pie of a
light-receiving lens; same path (as viewed from the abovementioned   20
Figs. 3a through 3c are for describing the light- plane) as the light which
impinges upon the light-     receiving lens of Fig. 2 as well as the action
there- receiving element is Incident upon the light-receiving  of, in which
Fig. 3a is a front view, Fig. 3b a seo- element. Thus, even if the object
to be detected Is lo-  tional view taken along line Illb-illlb of Fig. 3a,
and cated at averyshortdistance, the light reflected from   Fig. 3c a
sectional view taken along line lllc-lllc the object is condensed In the
direction perpendicular  25  of Fig. 3a; to the abovementioned plane, and
some of this light     Figs. 4a through 4c illustrate another example of Is
incident upon the light-receiving element. As a re-  a light-receiving
lens, in which Fig. 4a is a front suit, the received-light output at very
short distances  view, Fig. 4b a sectional view taken along line can be
greatly enlarged. This makes possible highly    IVb-IVb of Fig. 4a, and
Fig. 4c a sectional view sensitive detection of the object over a wide
range of  30  taken along line IVc-lVc of Fig. 4a; from very shortto long
distances. In a case where the   Figs. 5a through 5c showing an example In
which aforementioned optical element Is provided in the       a
light-recoeving lens is constructed by a Fresnel light-recoiving optical
system, It is not always neces-  lens, In which Fig. 5a is afrontview, Fig.
5b a sec- saryto provide the light-projecting optical system with  tional
view taken along line Vb-Vb of Fig. 5a, and the optical element (although
providing the optical  35  Fig. 5c a sectional view taken along line Vc-Vc
of element in this optical system is of course permissi-   Fig. 5a; ble).
If the light-projecting optical system is not provid-  Figs. 6a through 6d
illustrate another example of ed with the optical element, it will suffice
if the light-  a reflective-type photoelectric sensor as well as projecting
optical system is made to perform the so-    a light-receiving reflector
employed bythis reflec- tion of collimating or condensing the projected
light.  40  tive-type photoelectric sensor, in which Fig. 6a is The
detection zone is limited to the area illuminated   afront view of the
light-receiving reflector, Fig. 6b by the light projected from the
light-projecting optical  a sectional view taken along line VIb-VIb of Fig.
system, so that it is possible for the detection zone to  6a, Fig. 6c a
sectional view taken along line VIc- be restricted to a narrow region. As a
result, an object  Vic of Fig. 6a, and Fig. 6d a partially cut-away can be
detected at a specific position.        45       side view of the
reflective-type photoelectric sen- In the case where the optical element is
provided   sor, in the light-projecting optical system, some of the pro-
Fig. 7 is a graph illustrating the light-receiving jected light is
diverged, at short distances, in the di-  characteristic of the
reflective-type photoelectric rection parallel to the plane containing the
optic axis  sensor of the present invention In comparison of the
light-emitting element and the optic axis of the   50  with that of an
example of the prior art; light-receiving element, and therefore the area
for-    Figs. 8a through 11c Illustrate various shapes of ward of the
light-receiving optical system Is also Illu-  light-receiving lenses, In
which: minated by the projected light so that It Is possible to   Fig. 8a
is a front view, Fig. 8b a sectional view detect an object at this
position. Moreover, since the    taken along line VIIIb-VIIIb of Fig. 8a,
and Fig. projected light is condensed In the direction orthogo-  55  8c a
sectional view taken along line VIIIc-VIIIc nal to the aforementioned
plane, the projected light      of Fig. 8a; has an intensity higher, and
therefore the light-          Fig. 9a is a front view, Fig. 9b asectional
view receiving element has a higher output level, than In      taken along
line IVb-IVb of Fig. 9a, and Fig. 9c 
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view taken along line IVc-IVc of        and Fig. 21c a sectional view taken
along line Fig. 9a;                                            XXIc-XXIc of
Fig. 21a; and Fig. 10a is a front view, Fig. lOb a sectional      Fig. 22a
is a front view, Fig. 22b a sectional view taken along line Xb-Xb of Fig.
1Oa, and        view taken along line XXIIb-XXIIb of Fig. 22a, Fig. lOc a
sectional view taken along line Xc-   5  and Fig. 22c a sectional view
taken along line Xc of Fig. 1Oa; and
XXIIo-XXIIc of Fig. 22a; Fig. 11a is a front view, Fig. 11 b a sectional
Fig. 23 is a graph showing the light-receiving view taken along line
Xlb-XIb of Fig. 11a, and   characteristic of the light-receiving lenses
depict- Fig. 11c a sectional view taken along line Xlc-   ed In Figs. 20a
through 21c; and XIc of Fig. 11a;                          10      Fig. 24
is a partially cut-away side view showing Fig. 12 Illustrates the
light-receiving lens of Figs.  a reflective-type photoelectric sensor
according 9a through 9c as well as light-quantity distribu-   to the prior
art. tions on the light-receiving surface of a light- receiving element;
DESCRIPTION OF THE PREFERRED Fig. 13 illustrates the light-receiving lens
of Figs.  15   EMBODIMENTS 1la through lic as well as light-quantity
distrib- utions on the light-receiving surface of a light-   Fig. 1
Illustrates an embodiment of a reflective- receiving element,
type photoelectric sensor according to the present in- Fig. 14 is a graph
Illustrating the light-receiving  vention. The reflective-type
photoelectric sensor in- characteristics of the light-receiving lenses   20
cludes, in a case 9 thereof, a light-emitting element I shown In Figs. 12
and 13;                        such as a light-emitting diode
orsemiconductor laser, Figs. 1 Sa through 15d Illustrate another example  a
light-projecting lens 10 for collimating (or condens- in which a
light-projecting lens and a light-    ing) emitted light from the
light-emitting element I receiving lens are constituted by Fresnel lenses,
and projecting the collimated (condensed) light to- In which Fig. 15a is a
front view, Fig. 15b a sec-  25   ward a detection zone, a light-receiving
lens 20 for tional view taken along line XVb-XVb of Fig. Ia,  condensing
reflected lightfrom an objectto be detect- Fig. 15c a sectional view taken
along line XVc-  ed located In the detection zone, and a light-receiving
XVc of Fig. 15a, and Fig. 15d a sectional view tak-  element 2, such as a
photodiode or phototransistor en along line XVd-XVd of Fig. 15a;
for receiving the light condensed by the light- Figs. 1a through 16c
illustrate afurtherexample  3o  receiving lens 20 and outputting a
received-light sig- in which a light-projecting lens and a light-    nal,
with the sensor being adapted to output a signal, receiving lens are
constituted by Fresnel lenses,  indicative of detection of the object,
based on the out- in which Fig. 16a is a front view, Fig. 16b a sec-  put
signal of the light-receiving element 2. The light- tional view taken along
line XVIb-XVIb of Fig.   emitting element I and light-receiving element 2
are 16a, and Fig. 16c a sectional view taken along   35  optically shielded
from each other by a barrier 3. The line XVIc-XVI;
light-projecting lens 10 and light-receiving lens 20 are Figs. 17a through
18b illustrate a process forfab-  formed as a unitary body. The
light-projecting lens 10 ricating a mold that Is for forming a toric
Fresnel  Is constituted by an ordinary convex lens. The light- lens In the
light-receiving lens of Figs. 15a     receiving lens 20 possesses a special
shape, the de- through 15d, In which:                      40  tails of
which are illustrated In Fig. 2 and Figs. 3a Fig. 17a is a front view of a
toroidal body and  through 3c separately of the light-projecting lens 10.
Fig.17b a sectional view taken along line XVIlb-  In Fig. 3c, the
light-emitting element I and the light- XVIIb of Fig. 17a; and
projecting lens 10 are indicated by the phantom lines Fig. 18a is a front
view showing, in theassembled    in order to show the positional
relationship between state, pieces that have been cut from the toroidal  45
the light-receiving element 2 and the light-receiving body, and Fig. 18b a
sectional view taken along  lens 20 and the lgiht-emitting element I and
the light- line IIXXb-IIXXb of Fig. 18a;                   projecting lens
10. Fig. 19 is a sectional view, corresponding to Fig.  The light-receiving
lens 20 is a convex lens over- 17b, for Illustrating another method of
cutting out  all, with the convex lens portion being indicated at nu- the
pieces;                50    meral 21. The light-receiving lens 20 is
formed to have Figs. 20a through 22c illustrate still other exam-  a recess
portion in a part thereof, and the bottom of pies of light-receiving
lenses, in which:       the recess portion is formed Into a toric surface
22. Fig. 20a is a front view, Fig. 20b a sectional  The toric surface 22 is
situated at a portion dose to view taken along line XXb-XXb of Fig. 20a,
the light-projecting lens 10 (see Fig. I and Fig. 3c). and Fig. 20a a
sectional view taken along line  55  An optic axis Ml of the light-emitting
element I XXc-XXc of Fig. 20a;                          and optic axis M2
of the light-receiving element 2 are 



Fig. 21a is a front view, Fig. 21b a sectional  parallel. The toric surface
22 of the light-receiving view taken along line XXIb-XXIb of Fig. 21a,
lens 20 Is formed into a shape presenting a concave 4    7
EP 0 384 353 B1                  8 section in a plane (hereinafter referred
to as a first  As will be understood from the curve C, the received- plane)
containing the optic axes M1, M2, and a con-  light output exhibits a
considerably high level at very vex section in a plane (hereinafter
referred to as a  short distances, and there Is no blind zone at these
second plane) orthogonal to the plane containing the  very short distances.
Detection of the object is possi- optic axes M1, M2 and parallel to the
optic axes MI,   5   ble regardless of whetherthe position of the object to
M2. Accordingly, the toric surface 22 acts to diverge  be detected is near
or far. incident light in the first plane (see Fig. 3c) and con-  In
aspecific example, It is possible to adopt a de- denses the Incident light
in the second plane (see Fig.  sign In which mainly the toric surface 22 Is
capable of 3b). Preferably, the radius of curvature of the convex  guiding
light to the light-receiving element that is re- section of the toric
surface 22 that appears in the sec-   10  flected from an object located
atavery short distance ond plane Is smaller than that of the convex lens
por-  of 10 mm or less to a short distance of 100 mm, and tion 21. (In
other words, the focal distance of the con-  in which mainly the convex
lens portion 21 is capable vex section should be shorter.)
of condensing reflected lightfrom an object located at In the
reflective-type photoelectric sensor having  distances ranging from a short
distance of 50 mm to the light-receiving lens 20 of this kind, the light
emit-  15  infinity so that this light can be guided to the light- ted by
the light-emitting element I Is projected upon  receiving element. being
collimated or condensed by the light-projecting  In the foregoing
embodiment, the light-receiving lens 10. If an object to be detected is
present in a de-  lens Is formed to have the toric surface. However, It
tection zone defined by the projected light, the pro-  Is permissible to
form the toric surface at a portion of jected light Is diffusely reflected
by the object. Some   20  the light-projecting lens on the side near the
light- of the reflected light passes through the light-    receiving lens.
In this case, a convexlens can be used receiving lens 20 and is guided to
the light-receiving  as the light-receiving lens, or a lens formed to have
a element 2 in the following manner                   toric surface can be
used as the light-receiving lens. In a case where the object to be detected
is far,   In a case where the toric surface is formed on the the reflected
light from the object can be considered   25  light-projecting lens, a
portion of the light emitted to be substantially parallel to the optic axis
M2. In  from the light-emitting element is collimated or con- such case,
the reflected light is mainly condensed by  densed by the convex lens
portion of the light- the convex lens portion 21 of the light-receiving
lens  projecting lens, and this light is projected to reach a 20 to be
guided to the light-receiving surface of the  long distance. The other
portion of the light is dl- light-receiving element 2, as Indicated by the
broken   30   verged in the first plane and condensed in the second lines
In Figs. 3b and 3c. Naturally, some light is Intro-  plane by the toric
surface, thereby illuminating die- duced to the light-receiving element 2
through the to-  tances ranging from very short to short, particularly ric
surface 22, though the amount Is very small.    the region near the
light-receiving lens. As a result, In a casewhere the objectto be detected
is at dis-  the arrangement is such that reflected light from an tance very
close to the front of the light-projecting   35   object present not only
at long distances but also at lens 10, the reflected lightfrom the object
is obliquely  very short distances will be received by the light- incident
upon the light-receiving lens 20 In the first  receiving element. Since the
projected light which il- place (see Fig. 3c). The light obliquely Incident
upon  luminates the very short distances is condensed in the toric surface
22 Is diverged In the first plane and  the second plane, the intensity of
the projected light some of the diverged light reaches the light-receiving
40  also is comparatively high and the detection zone is surface of the
light-receiving element 2, where the  limited to a comparatively narrow
range. light is received. In the second plane (see Fig. 3b), the  Though
only the light-receiving lens will be de- incident light is condensed by
the toric surface 22,  scribed in detail in other embodiments or modifica-
and In the first plane much of the light having an opt-  tions Indicated
hereinbelow, it goes without saying Ical path capable of reaching the
light-receiving sur-  45  that these other embodiments or modifications are
face of the light-receiving element 2 is assuredly inci-  applicable to the
light-projecting lens as well. dent upon the light-receiving element 2. It
goes with-  Figs. 4a through 4c illustrate another embodi- out saying that
light incident upon the light-receiving  ment of the light-receiving lens.
In the light-receiving element 2 through the convex lens portion 21 also
ex-  lens shown in Fig. 2 and Figs. 3a through 3c, the toric ists, though
the amount is very small.         50  surface is formed only in part (the
central part) of the Thus, regardless of whether the object to be de-  lens
in terms of the width direction thereof. In a light- tected is at a long
distance or a very short distance,  receiving lens 30 shown In Figs. 4a
through 4c, a toric the reflected light from the object will Impinge upon
surface 32 Is formed in the entire surface (over the the light-receiving
element 2 to make possible sure  entire width) of half of the lens (the
upper half in Figs. 



detection of the object The solid curve shown at char-  55   4a and 4c).
The lower half of the light-receiving lens acter C in Fig. 7 Indicates the
light-receiving charac-  30 is an ordinary convex lens 31. The surface of
the teristic In the reflective-type photoelectric sensor  convexlens31
andthetoricsurface32areconnected having the above-described light-receiving
lens 20.  in continuous fashion. 5    9                   EP 0 384 353 B1
10 As In the manner of the above-described light-  toric surface reflector
62 possesses a convex cross receiving lens 20, this light-receiving lens 30
also di-  section (see Fig. 6c) in the first plane and a concave verges the
light, which is Incident upon the portion of  cross section In the second
plane (see Fig. 6b). Ac- the toric surface 32, in the first plane, and
condenses  cordingly, when reflected lIght from an object at a this
incident light In the second plane.       5   very short distance is
Incident upon the toric surface In both of the foregoing embodiments, a
bulk lens  reflector62, the Incident light mainly diverges as seen is
illustrated as the light-receiving lens. Figs. 5a  from the first plane,
and a portion of this light imping- through 5c show an example in which the
light-     es upon the light-receiving element 6. In the second receiving
lens Is constituted by a refracting-type  plane, incident light having a
path along which the Fresnel lens. Here a light-receiving Fresnel lens 40
in-  10  light impinges upon the light-receiving element 6 as dudes a toric
Fresnel lens formed on a portion of a  viewed from the first plane is
condensed by the toric Fresnel lens 41 which performs a light-condensing
surface reflector 62 and the condensed light imping- action. The Fresnel
lenses 41, 42 of this embodiment  es upon the light-receiving element 6. In
this case both comprise a plurality of annular band-shaped lens  also a
light-recoiving characteristic of the kind shown portions. As in the
embodiment of Fig. 2 and Figs. 3a   15  at C in Fig. 7 is obtained. through
3c, the toric Fresnel lens 421s provided solely  Optimizing the shape of
the light-receiving lens in a portion (the central portion) of the Fresnel
lens 40  will now be considered with reference to Figs. 8a in terms of the
width direction thereof at a part of the  through 14. The light-receiving
lens of the type illu- lens on the side near the light-projecting lens.
This to-  strated In Figs. 4a through 4c will be taken as an ex- ric
Fresnel lens 42 also diverges incident light in the   20  ample. first
plane and condenses the incident line in the sec-  Figs. 8a through 8c
depict the manner in which ond plane.
the light-receiving lens 30 Is formed unitedly with the By constructing the
light-receiving lens of a Fres-  light-projecting lens 10. Though the toric
surface 32 nel lens, lens thickness can be reduced and the light-  of the
light-receiving lens 30 and the surface of the receiving optical system can
be miniaturized.  25  convex lens portion 31 are continuous, the boundary
Figs. 6a through 6d Illustrate another embodi-  between these surfaces Is
indicated by a solid line in ment of a reflective-type photoelectric
sensor. The  Fig. 8a In order to make the boundary easy to see. overall
construction of the reflective-type photoelec-  The portion of the toric
surface 32 and the convex trio sensor is depicted in Fig. 6d. A
light-emitting ele-  lens portion 31 are contiguous to the boundary at an
ment 5 and a light-receiving element 6 are fixedly at-  30  Intermediate
position vertically of the lens 30 in Fig. tached to a transparent plate 4
provided on the front  8a. The toric surface 32 is located at the upper
portion side of a case 8 of the reflective-type photoelectric  in Figs Ba,
namely on the side nearthe light-projecting sensor. Provided within the
case 8 is a support mem-  lens 10. ber 7, as well as a light-projecting
reflector 50 and a  With reference particularly to the longitudinal
light-receiving reflector 60 provided on the support  35  section view of
Fig. 8c, the center 01 of curvature of member at positions corresponding to
the light-    the convex surface of the convex lens portion 32 in emitting
element 5 and light-receiving element 6, re-  the light-receiving lens 30
is situated on the center spectively. The light-projecting reflector 50 Is
an ordi-  line of the light-receiving lens 30. The center 02 of nary
concave mirror which, by reflecting emitted light  curvature of the curve
forming the concave surface from the light-emitting element 5, collimates
(or, in  40  of the toric surface 32 also is situated on the above- some
cases, condenses) the light to project a light  mentioned centerline. This
center line coincides with beam out through the transparent plane 4.
the optic axis M2 of the light-receiving element 2, as The light-receiving
reflector 60 possesses a   will be described later. somewhat complicated
shape, the details of which      The toric surface 32 occupies the upper
half por- are show in Figs. 6a through 6c. The light-receiving   45  tion
in the light-receiving lens 30 shown in Figs. 9a reflector 60 comprises a
concave mirror portion 61  through 9c as well. As will be understood from a
com- and a toric surface reflector portion 62, which are con-  parison
between Figs. 9c and 8c the center 02 of cur- tinuously connected
substantially at the central por-  vature of the curve defining the concave
shape of the tion of the reflector 60. The toric surface reflector por-
toric surface 32 Is situated on the side of the light- tion 62 is situated
on the side of the light-projecting   50  projecting lens 10 with respect
to the center line (the reflector 50.
center [err] of curvature of the convex lens portion 31 The concave mirror
portion 61 mainly condenses  is on the center line). 



reflected light (indicated by the broken line in Fig. 6c)  In the
light-receiving lens 30 shown In Figs. 10a from a distant object to be
detected, which light im-  through 1Oc, the center 02 of curvature of the
curve pinges upon the mirror portion while being substan-  55  defining the
concave shape of the toric surface 32 is tially parallel to the optic axis
of the light-receiving ele-  located even closer to the side of the
light-projecting ment 6. The condensed light is Introduced to the light-
lens 10. In addition, the size of the toric surface 32 is receiving surface
of the light-receiving element 6. The  smaller. 6    11                  EP
0 384 353 B1                  12 In the light-receiving lens 30 shown In
Figs. 11a  line B in Fig. 14. through 11c, the center [err] of curvature of
the curve    The light-receiving characteristic indicated by the defining
the concave shape of the toric surface 32 is  broken line B involves the
following problems in terms located below the abovementloned center line,
i.e., at  of practical use: Specifically, if the sensitivity of the a
position farther from the light-projecting lens 10   5   reflective-type
photoelectric element having the light- than the centerline. The sizeof the
toric surface Is ap-  receiving characteristic indicated by the broken
curve proximately half that of the light-receiving lens.  B is lowered in
order that the sensor may be used for The optical properties of the
abovementioned to-  very short distances, the light-receiving
characteristic ric surfaces having various shapes will now be con-  becomes
as Indicated by the broken curve Bd. As a sidered with reference to Figs.
12 through 14.  10  result the reoeived-light outputfalls below the thresh-
Fig. 12 illustrates the light-receiving lens shown  old value and a blind
zone Is produced at very short In Figs. 9a through 9c, and Fig. 13
Illustrates the light-  and short distances. One more problem arises In a
receiving lens shown In Figs. 11a through 11c. In Figs.  case where an
analog output conforming to the dis- 12 and 13, the light-receiving element
2 is disposed  tance ofthe objectto be detected is required. With the on
the center line of the light-receiving lens 30. The   15  light-receiving
characteristic of broken curve B or Bd, graphs shown on the right side of
Figs. 12 and 13 il-  It is possible for two distances to exist with respect
to lustrate incident-light quantity distributions in a plane  one level of
the received-light output, particularly in containing the light-receiving
surface of the light-  the vicinity of short distances. Distance cannot be
receiving element 2 and orthogonal to the optic axis  uniquely determined
from the level of the received- M2 thereof (the center line of the
light-receiving lens).  20  light output. The range over which distance can
be The curves of these light-quantity distributions ap-  uniquely
determined from the level of the received- pear in the longitudinal cross
section. The graphs Il-  light output is beyond the distance Cp in the case
of lustrated are of three types, namelyfor cases in which  curve C, whereas
the range is beyond the position the object to be detected is ata long
distance (100mm  Bp, which is farther than Cp, in the case of curve B. or
more), a short distance (in the vicinity of 30 mm)   25   Thus, according
to the characteristic expressed by and a very short distance (in the
vicinity of 10 mm),  curve B, the range over which distance can be
respectively.                                       uniquely determined
from the level of the received- As shown in Fig. 12, when the center 02 of
cur-  light output is narrowed. vature of the curve defining the concave
surface of     To sum up the foregoing, when the center 02 of the toric
surface 32 is closer to the light-projecting   30  curvature of the curve
defining the concave surface lens 10 than the center line of the
light-receiving lens  of the toric surface 32 is located between the
position 30, the light-quantity distribution C2 of the light inci-  of the
curvature center 01 of the convex lens portion dent through the toric
surface 32 and the light-    31 of light-receiving lens 32 and the position
of that quantity distribution [err] of the light condensed by the  end of
the light-receiving lens 30 adjacent the light- convex lens portion 31
overlap in all cases, namely at  35   projecting lens 10 (Figs. 8a through
10c), a nearly the long, short and very short distances. Hence, the  ideal
light-receiving characteristic is obtained, as in distributions [err] are
continuous. Accordingly,  the manner of the curve Indicated at C in Fig.
14. With reflected light from the object to be detected can be  this
light-receiving characteristic C, a blind zone will received by the
light-receiving element 2 regardless  not develop at any sensitivity
setting over distances of the distance of the object Consequently, the
light-  40  ranging from very short to long. In addition, the re- receiving
characteristic indicated by C In Fig.14 is ob-  ceived-light output
decreases monotonously with an tained, as mentioned earlier.
Increase In distance at distances beyond the position By contrast, when the
center 02 of curvature of  Cp. As a result, the user is capable of
adjusting sen- the curve defining the concave surface of the toric
sitivity based on natural sensation without a sense of surface 32 Is at a
position farther from the light-  45  incompatibility. If an analog signal
possessing a level projecting lens 10 than the center line of the light-
conforming to distance is required, a received-light receiving lens 30, the
light-quantity distribution B2 of  output uniquely corresponding to
distance can be ob- the light incident through the toric surface 32 and the
tained over a wide range of distances. light-quantity distribution [err] of
the light condensed by  It goes without saying that the abovementloned the
convex lens portion 31 separate from each other.  50  approach for
obtaining the nearly ideal light-receiving 



As a result, the valley between the light-quantity dis-  characteristic C
is applicable also to an arrangement tributions [err] coincides with the
position of the  in which the light-receiving lens is constituted by a
light-receiving element 2, and hence the quantity of  Fresnel lens and to a
light-receiving reflector as well. light incident upon the light-receiving
element 2 is di-  Yet another example in which the light-projecting
minished, particularlyat short distances in the vicinity  55  lens and
light-receiving lens are constituted by a re- of 30 mm. Accordingly, the
light-receiving character-  fracting-type Fresnel lens will be described
with ref- Istic obtained Is one in which the received-light output  erence
to Figs. 15a through 15d. declines atshort distances as Indicated by the
broken   In these Figures, a light-projecting lens 11 com- 7    13
EP 0 384 353 B1                 14 prises an ordinary convex lens-type
Fresnel lens hav-  face. Pieces [err] are cut from the toroidal Ing a
plurality of annular band-shaped lens portions.  body 74, as indicated by
the chain lines. These pieces A light-receiving lens 70 comprises an
ordinary con-  need not at all be cut out in adjacent fashion as illu-
vex-type Fresnel lens 71, which Is a lower half, and a  strated but can be
cut from any location, as Indicated toric Fresnel lens 72, which is an
upper half. The con-   5   at [err] vex-type Fresnel lens 71 is the same as
that which    Themasterof a mold Is constructed by combining would be
obtained by cutting the light-projecting Fres-  the cut pieces [err], as
illustrated In Figs. 18a and nel lens 11 In half. The toric Fresnel lens 72
Is consti-  18b. The master can be used as part of a mold or tuted by a
plurality of linear band-shaped lens por-  transferred to another molding
material by electrical tions. These linear band-shaped lens portions extend
10  discharge machining. In either case, the mold of the parallel to the
first plane and act to diverge incident  toric Fresnel lens would
eventually be used upon light in first plane and condense incident light In
the  combining the mold for the portion of the light- second plane. In
otherwords, the cross section which  projecting Fresne lens 11 and the mold
forthe portion appears in the first plane has the shape of a concave  of
the convex lens-type Fresnel lens 71. lens (see Fig. 15c), and the cross
section that ap-  15  When a mold thus fabricated is used, the toric pears
In the second plane has the shape of a convex  Fresnel lens molded will
have an aspherical surface lens-type Fresnel lens.
(concave surface) in the first plane and a spherical It goes without saying
that a light-receiving char-  surface (convex surface) In the second plane,
as in- acteristic of the kind Indicated at curve C In Fig. 7 or  dicated by
the chain line 72A in Figs. 18a and 18b. It 14 is obtained even when a
light-receiving lens com-  20  will suffice to use a method such as
injection molding posed of such a Fresnel lens Is employed.         to mold
the Fresnel lens. A further example Is Illustrated in Figs. 16a      It is
also possible to obtain pieces [err] by cut- through 16c. Here the
entiretyof a light-receiving lens  ting the toroidal body 74 as shown in
Fig. 19, fabricate 73 Is constituted by a cylindrical Fresnel lens. When  a
master by combining these pieces, and transfer the the light-receiving lens
73 of this type is used, reflect-  25   master to a mold by electrical
discharge machining. ed light from the object to be detected Is merely con-
When this mold is used, the toric Fresnel lens molded densed In the second
plane. In the first plane, reflect-  will have a spherical surface (concave
surface) In the ed light (indicated by the broken lines) from an object
first plane and an aspherical surface (convex sur- to be detected at a long
distance merely passes    face) In the second plane. through the lens 73,
and reflected light (indicated by  3o  The mold for the cylindrical Fresnel
lens shown in the chain lines)from an objectto be detected ata very  Figs.
16a through 18c can readily be fabricated by short distance Is merely
refracted. Accordingly, the  cutting out portions of a cylinderand
combining these received-light output level of reflected light especially
pieces. from an object at a long distance Is low, as a result of  Figs. 20a
through 20c Illustrates yet another ex- which the light-receiving
characteristic is expressed   35  ample of a light-receiving lens. The
light-receiving by the curve indicated at D In Fig. 7. Such a light-  lens
80 in these Figures comprises an ordinary con- receiving lens can be used
effectively in a reflective-  vex lens portion 81 and a cylindrical lens
portion 82, type photoelectric sensorfordetecting only objects at  with the
latter being situated on the side of the light- very short distances.
projecting lens 10. The reflected light from an object A light-projecting
lens and light-receiving lens   4o  to be detected at long distance is
mainly condensed utilizing the Fresnel lenses shown in Figs. 15a    by the
convex lens portion 81 to Impinge upon the through 16c are advantageous in
that lens thickness  light-receiving element 2. The reflected light from an
can be made small to enable a reduction In the size  object to be detected
at a very short distance is re- of the photoelectric sensor. Moreover, in
comparison  frated in the first plane and condensed in the second with the
arrangement having the annular band-  45  plane by the cylindrical lens
portion 82 to impinge shaped lens portions of the kind shown In Figs. 5a
upon the light-receiving element 2. Accordingly, the through 5c, the
Fresnel lenses 72, 73 having the lin-  light-receiving characteristic of
the light-receiving ear band-shaped lens portions are characterized In
lens 80 Is as shown by the solid curve indicated at E 



that the molds for producing them are easier to fabri-  In Fig. 23. Though
the received-light output declines cate.
so  in the vicinity of very short distances, no practical Figs. 17a through
18b illustrate a procedure for  problems are encountered. fabricating a
mold used to mold the toric Fresnel lens  Still another example is
Illustrated in Figs. 21a 72 shown In Figs. 15a through 15d.
through 21c. Alight-receiving lens 90 also comprises In Figs. 17a and 17b,
first a toroidal body 74 is  an ordinary convex lens portion 91 and a
cylindrical fabricated using a lathe for machining an aspherical  55  lens
portion 92, with the latter being situated nearthe surface lens. An inner
circumferential surface 74a of  light-projecting lens 10. This lens differs
from the this toroidal body 74 has an Inwardly directed arcuate
light-receiving lens 80 of Figs. 20a through 20c In that bulge and is
machined into an aspherical mirror sur-  the surface of the cylindrical
lens portion 92 is In- 8    15                  EP 0 384 353 B1
18 dined In the first plane (see Fig. 21c) In such a man-  2. The
photoelectric sensor according to claim 1, ner that the lens is
comparatively thick at the end   wherein when said optical element is
Included in thereof on the side of the light-projecting lens 10 but  said
light-projecting optical system, said optical diminishes In thickness
toward the convex lens por-   element Is disposed in said light-projecting
opti- tion 92. As a result, the cylindrical lens portion 92 acts   5  cal
system near said light-receiving optical sys- In the same manner as a prism
In the first plane;     tem, and when said optical element (32) is includ-
hence, reflected light from an object to be detected at  ed in said
light-receiving optical system (30), said very short distance readily
Impinges upon the light-  optical element is disposed in said
light-receiving receiving element 2. Accordingly, there can be ob-
optical system near said light-projecting optical tained a light-receiving
characteristic in which the re-  10  system (10). ceived-light output level
at very short distance Is raised, as in the manner of the curve expressed
by  3. The photoelectric sensor according to claim 1, the broken line
indicated by F In Fig. 23. The reflected  wherein said optical element
comprises a lens light from an object to be detected at long distance Is
element having a toric surface (22, 32,42, 72) so mainly caused to impinge
upon the light-receiving ele-  15  as to exhibit a concave surface in the
plane which ment 2 by the convex lens portion 91, and therefore   contains
the optical axis of said light-emitting ele- the light-receiving
characteristic at long distance Is  ment and the optical axis of said
light-receiving the same as that for the arrangement shown in Figs.
element and a convex surface in a perpendicular 20a through 20c. The
received-light level at short dis-  plane. tances drops somewhat also with
the light-receiving   20 lens 90.
4. The photoelectric sensor according to claim 3, A light-receiving lens 83
shown In Figs. 22a       wherein said lens element is constituted by a
through 22c is a cylindrical lens the light-receiving  Fresnel lens (40,
70). characteristic of which is the same as that of the Fres- nel
cylindrical lens depicted in Figs. 18a through 18c.  25  5. The
photoelectric sensor according to claim 3, This light-receiving
characteristic is represented by  wherein said lens element is a Fresnel
lens con- the curve D in Fig. 7.                                stituted by
an assembly (72) of linear band- The light-receiving lenses 80, 90, 83
shown in     shaped lens portions extending in a direction Figs. 20a
through 22c have slightly poorer light-      within the plane which
contains the optical axis of receiving characteristics than that of the
light-  30  said light-emitting element (1) and the optical receiving lens
30 shown in Figs. 4a through 4c, but   axis of said light-receiving element
(2). these lenses are characterized In that they possess a simple shape and
are easy to fabricate.          6. The photoelectric sensor according to
claim 1, wherein one of said light-projecting optical sys- 35     tem and
said light-receiving optical system (20, Claims
30, 40, 70) comprises a convex lens portion (21, 31, 41, 71) and a toric
surface portion (22, 32,42, 1. A reflective-type photoelectric sensor
compris-    72) provided at a position closer to the other one ing:
of said optical systems than said convex lens por- a light-emitting element
(1, 5);     40      tion. a light-projecting optical system (10, 50) for
projecting emitted light from said light-   7. The photoelectric sensor
according to claim 6, emitting element toward a detection zone;
wherein said toric surface portion (22,32,42,72) a light-receiving element
(2, 6); and        has a toric surface formed into a concave shape a
light-receiving optical system (20, 30,  45  which diverges incident light
In a direction con- 40, 80, 70) for guiding reflected light from an ob-
necting said light-projecting optical system (10) 



ject to be detected, which is located in the deteo-  and said
light-receiving optical system (20, 30, tion zone, toward said
light-receiving element,    40, 70) and a convex shape which condenses in-
characterized In that                              cident light in a
direction orthogonal to the above- at least one of said light-projecting
optical  50  mentioned direction. system and said light-receiving optical
system in- cludes an optical element (22, 32, 42, 82, 72) for  8. The
photoelectric sensor according to claim 6, diverging light in a direction
parallel to a plane  wherein said convex lens portion (41, 71) and which
contains an optical axis of said light-      said toric surface portion
(42, 72) are both con- emitting element and an optical axis of said light-
55  stituted by Fresnel lenses (40, 70). receiving element, and for
condensing light in a direction perpendicular to the same plane.      9.
The photoelectric sensor according to claim 6, wherein said convex lens
portion (41, 71) is a 9    15                  EP 0 384 353 B1
16 dined in the first plane (see Fig. 21c) in such a man-  2. The
photoelectric sensor according to claim 1, ner that the lens is
comparatively thick at the end     wherein when said optical element is
included in thereof on the side of the light-projecting lens 10 but  said
light-projecting optical system, said optical diminishes in thickness
toward the convex lens por-     element Is disposed in said
light-projecting opti- tion 92. As a result, the cylindrical lens portion
92 acts   5  cal system near said light-receiving optical sys- in the same
manner as a prism in the first plane;       tem, and when said optical
element (32) is incud- hence, reflected light from an object to be detected
at  ed in said light-receiving optical system (30), said very short
distance readily impinges upon the light-    optical element is disposed in
said light-receiving receiving element 2. Accordingly, there can be ob-
optical system near said light-projecting optical tained a light-receiving
characteristic In which the re-  10  system (10). ceived-light output level
at very short distance is raised, as in the manner of the curve expressed
by  3. The photoelectric sensor according to claim 1, the broken line
indicated by F in Fig. 23. The reflected  wherein said optical element
comprises a lens light from an object to be detected at long distance is
element having a toric surface (22,32,42,72) so mainly caused to impinge
upon the light-receiving ele-  15  as to exhibit a concave surface in the
plane which ment 2 by the convex lens portion 91, and therefore
contains the optical axis of said light-emitting ele- the light-receiving
characteristic at long distance is  ment and the optical axis of said
light-receiving the same as that for the arrangement shown in Figs.
element, and a convex surface in a perpendicular 20a through 20c. The
received-light level at short dis-  plane. tances drops somewhat also with
the light-receiving   20 lens 90.
4. The photoelectric sensor according to claim 3, A light-recoiving lens 83
shown In Figs. 22a        wherein said lens element is constituted by a
through 22c is a cylindrical lens the light-receiving   Fresnel lens (40,
70). characteristic of which is the same as that of the Fres- nel
cylindrical lens depicted in Figs. 16a through 16c.  25  5. The
photoelectric sensor according to claim 3, This light-receiving
characteristic is represented by   wherein said lens element Is a Fresnel
lens con- the curve D in Fig. 7.                                  stituted
by an assembly (72) of linear band- The light-recoiving lenses 80, 90, 83
shown in      shaped lens portions extending in a direction Figs. 20a
through 22c have slightly poorer light-       within the plane which
contains the optical axis of receiving characteristics than that of the
light-  30   said light-emitting element (1) and the optical receiving lens
30 shown in Figs. 4a through 4c, but     axis of said light-receiving
element (2). these lenses are characterized In that they possess a simple
shape and are easy to fabricate.            6. The photoelectric sensor
according to claim 1, wherein one of said light-projecting optical sys- 35
tem and said light-receiving optical system (20, Claims
30, 40, 70) comprises a convex lens portion (21, 31,41,71) and a toric
surface portion (22,32,42, 1. A reflective-type photoelectric sensor
compris-      72) provided at a position closer to the other one ing:
of said optical systems than said convex lens por- a light-emitting element
(1, 5);      40      tion. a light-projecting optical system (10, 50) for
projecting emitted light from said light-    7. The photoelectric sensor
according to claim 6, emitting element toward a detection zone;
wherein said toric surface portion (22,32,42,72) a light-receiving element
(2, 6); and          has a toric surface formed into a concave shape 



a light-receiving optical system (20, 30,  45  which diverges incident
light In a direction con- 40, 60, 70) for guiding reflected light from an
ob-  necting said light-projecting optical system (10) ject to be detected,
which is located in the detec-  and said light-receiving optical system
(20, 30, tion zone, toward said light-receiving element;     40,70) and a
convex shape which condenses in- characterized In that
cident light in a direction orthogonal to the above- at least one of said
light-projecting optical.  50  mentioned direction. system and said
light-receiving optical system in- dudes an optical element (22, 32, 42,
62, 72) for  8. The photoelectric sensor according to claim 6, diverging
light in a direction parallel to a plane  wherein said convex lens portion
(41, 71) and which contains an optical axis of said light-       said toric
surface portion (42, 72) are both con- emitting element and an optical axis
of said light-  55  stituted by Fresnel lenses (40, 70). receiving element,
and for condensing light in a direction perpendicular to the same plane.
9. The photoelectric sensor according to claim 6, wherein said convex lens
portion (41, 71) is a 9    17                  EP 0 384 353 B1
18 Fresnel lens constituted by a combination of an-  15. A reflective-type
photoelectric sensor compris- nularlens portions, and said toric surface
portion  ing: (42, 72) is a Fresnel lens constituted by an as-        a
light-emitting element (1); sembly of linear band-shaped lens portions ex-
a light-projecting lens (10) for projecting tending in a direction crossing
perpendicularly   5  emitted light from said light-emitting element to- the
optical axis of said light-projecting optical sys-  ward a detection zone;
tem (10) and the optical axis of said light-            a light-receiving
element (2); and receiving optical system (40, 70).                      a
light-receiving lens (80, 90) for guiding reflected light from an object to
be detected, 10. The photoelectric sensor according to claim 1,  io  which
is located in the detection zone, toward wherein at least eitherof said
light-projecting opt-  said light-receiving element characterized in that
ical system and said light-receiving optical sys-  at least one of said
light-projecting lens (10) and tem is constituted by a reflector (50, 60).
said light-receiving lens (80, 90) is constituted by a convex lens portion
(81, 91) and a cylindrical 11. The photoelectric sensor according to claim
10,  15  lens portion (82, 92) provided at a position closer wherein said
reflector (60) comprises a concave    to the other of said lenses than said
convex lens mirror portion (61) and a toric surface mirror por-  portion,
tion (62) provided ata position closer to the other     said cylindrical
lens portion (82, 92) is dis- of said optical systems (50) than said
concave     posed so as to perform a light-condensing action mirror
portion.                            20     In a plane perpendicular to the
plane containing the optical axes of said light-projecting lens and 12. The
photoelectric sensor according to claim 11,   said light-receiving lens.
wherein said toric surface mirror portion (82) is formed into a convex
mirror shape which diverges     16. The photoelectric sensor according to
claim 15, light in the plane containing the optical axes of  25  wherein
said cylindrical lens portion (92) has a said light-projecting optical
system (50) and said  surface inclined In such a manner that the thick-
light-receiving optical system (60), and a concave  ness of the cylindrical
lens portion is reduced to- mirror shape which condenses light in a perpen-
ward the convex lens portion (91) in a direction dicular plane.
connecting the light-projecting lens (10) and light- 30     receiving lens
(80, 90). 13. The photoelectric sensor according to claim 1, wherein both
of said light-projecting optical sys-  17. The photoelectric sensor
according to claim 15, tem and said light-receiving optical system are
wherein at least one of said light-projecting lens constituted by
reflectors (50, 60);                and said light-receiving lens is a
Fresnel lens. at least one of said reflectors (60) compris-  35 es a
concave mirror portion (61) and a toric sur- face mirror portion (62)
provided at a position  Patentansprriche closer to the other of said
reflectors (50) than said concave mirror portion; and
1. Photoelektrischer Sensordes Reflexionstyps mit said toric surface mirror
portion (62) is  40      elnem Lichtabgabeeiernent (1, 5), formed Into
aconvexmirrorshapewhich diverges             elnem  optischen
Uchteinstrahisystem light in a plane containing the optical axes of said
(10, 50) zum Einstrahlen von von dem Lichtabga- 



reflectors (50, 60) and a convave mirror shape     beelement abgegebenem
Lichtin ene Nachweis- which condenses light in an orthogonal plane.
zone, 45           elnem Lichtempfangerelement (2, 6), und 14. The
photoelectric sensor according to claim 7,          einem optischen
Llchtempfangersystem wherein a center of curvature of a curve defining
(20, 30, 40, 60, 70) zum Leiten von Reflexions- a concave surface of said
toric surface portion    licht von einem nachzuweisenden Gegenstand,
(22,32, 42, 72) is set in a range between a pos-   der In der Nachweiszone
angeordnet Ist, zu dem ition corresponding to a center of curvature of a
5o  Llchtempfangerelement, dadurch gekennzeich- curve defining said convex
lens portion (21, 31,   net, daB 41,71) and a position corresponding to an
end of        des optische Lichteinstrahisystem undloder said toric surface
portion that is near said light-  das optiache Lichtempfingersystem ein
opti- projecting lens, the received-light output thereby  sches Element
(22, 32, 42, 62, 72) zum Diver- decreases monotonously from a very short
dis-  55  gentmachen von Licht In einer Richtung parallel tance to a long
distance in the light-receiving    zu elner Ebene, welche elne optische
Achse des characteristic of the photoelectric sensor.
Lichtabgabeelements und elne optische Achse des Lichtempfangerelements
enthalt, und zum 10    19                 EP 0 384 353 B1
20 BuIndeln von Licht in einer Richtung senkrecht zu  bel der
Konvexlinsenabschnitt (41, 71) und der der gleichen Ebene enthalt.
Abschnitt mit torlecher Oberflache (42, 72) beide durch sine Fresnel-Linse
(40, 70) gebildet sind. 2. Photoelektrischer Sensor nach Anspruch 1, wo-
bei, wenn des optische Element in den optischen   5   9. Photoelektrischer
Sensor nach Anspruch 6, wo- Uchteinstrahlsystern enthalten let, des
optische  bel der Konvexiinsenabschnitt (41, 71) elne Element in dem
optischen Lichbtelnstrahlsystem    Fresnel-Linse 1st, die durch sine
Kombination von In der Nahe des optischen Llchtempfangersy-
ringfarmigen Linsenabschnitten gebildet ist, und stems angeordnet ist, und
wenn das optische       derAbschnittmlttorischerOberflache (42,72) ei-
Element (32) in dem optischen LUchtempfanger-  10  ne Fresnel-Linse bst,
die durch einen Aufbau aus system (30) enthalten let, das optische Element
linearen bandformigen Unsenabschnitten gebil- in dem optisohen
Lichtempflingersystem In der     det ist, die sich in elner Richtung
erstrecken, die Nahe des optischen Lichteinstrahlaystems (10)     senkrecht
die optische Achse des optischen angeordnet ist.
Lichteinstrahisystems (10) und die optische Ach- 15     se des optischen
Lichtempfangersystems (40, 3. Photoelektrischer Sensor nach Anspruch 1, wo-
70) kreuzt. bei des optische Element sin Linsenelement mit eoner torischen
Oberfilche (22, 32, 42, 72) so,  10. Photoelektrischer Sensor nach Anspruch
1, wo- dal3 es elne konkave Oberflache in der Ebene,     be! von optischem
Lichbteinstrahisystem und op- welche die optische Achse des Uchtabgabeele-
20  tischem LchtempflAngersystem wenigstens el- ments und die optische
Achse des Lichtempfan-     nes der beiden durch einen Reflektor (50, 60)
ge- gerelements enthalt, und eine konvexe OberfIa-    bildet lot che In
elner senkrechten Ebene zeigt. 11. Photoelektrischer Sensor nach Anspruch
10, wo- 4. Photoelektrischer Sensor nach Anspruch 3, wo-  25  bei der
Reflektor (60) elnen Konkavspiegelab- bei des Linsenelement durch esne
Fresndl-Linse    schnitt (61) und einen Spiegelabschnitt mit tori- (40, 70)
gebildet let.                            scher Oberflache (62), der an
elner Stelle vorge- sehen 1t, die naherzum jewells anderen der op- 5.
Photoelektrischer Sensor nach Anspruch 3, wo-      tischen Systeme (50) ale
der Konkavespiegelab- bei das Linsenelementeine Fresnel-Linse Ist, die  30
schnitt liegt, aufweist. durch einen Aufbau (72) aus linearen bandformi-
gen Linsenabschnitten, die sich in elnerRichtung  12. Photoelektrischer
Sensor nach Anspruch 11, wo- in einer Ebene erstrecken, welche die optische
bei der Spiegelabschnitt mit torischer Oberfilche Achse des
Lichtabgabeelements (1) und die op-     (62) mit einer konvexen
Spiegelform, welche tische Achse des Lichtempflngerelements (2)  35   Licht
in der die optischen Achsen des optiachen enthilt, gebildet Ist.
Llchbteinstrahisystems (50) und des optischen Licbtemptlngersystems (60)
enthaltenden Ebe- 6. Photoelektrischer Sensor nach Anspruch 1, wo-      ne
divergent macht, und mit elnerkonkaven Spie- bei des optische
Lichteinstrahisystem oder des    gelhfrm, welche Licht in einersenkrechten
Ebene optische Lichtempfangersystem (20, 30, 40, 70)  40  bflndelt,
ausgebildet ist. 



einen Konvexdinsenabschnitt (21, 31,41,71) und elnen Abschnitt mit
torischer Oberflache (22,32,  13. Photoelektrischer Sensor nach Anspruch 1,
wo- 42,72), der an elner Stlle vorgesehen ist, die na-  bei sowohl des
optische Lichteinstrahisystsm als her zum anderen der optischen Systeme ale
der     auch des optische Lichtempfingersystem durch Konvexlinsenabschnitt
liegt, aufwebst.    45      Reflektoren (50, 60) geblldet ist, wenigstens
elner der Reflektoren (60) el- 7. Photoelektrischer Sensor nach Anspruch 6,
wo-      nen Konkavspiegelabschnitt (61) und elnen Spie- bei der Abschnitt
mit torischer Oberflache (22,   gelabschnitt mit torischer Oberfilche (62),
der 32, 42, 72) elne torische Oberflache in Konkav-   naher zum anderen der
Reflektoren (50) ale der form, welche elnfallendes Licht in elner Richtung,
6o  Konkavspiegelabschnitt angeordnet bst, auf- die des optische
Lichtelnstrahisystem (10) und    welst, und des optische
Lichtempfangersystem (20, 30, 40,          der Spiegelabschnitt mit
torischer Ober- 70) verbindet, divergent macht, und eine torische  flache
(62) mit elner konvexen Spbegelform, wel- Oberflache in Konvexform welche
einfallendes      che Llcht in elner die optischen Achsen der Re- Licht In
einer zu der oben genannten Richtung  5s  flektoren (50, 60) enthaltenden
Ebene divergent senkrechten Richtung bundelt, aufweist.           macht,
und einer konkaven Splegelform, welche Licht In einersenkrechten Ebene
bflndelt, ausge- 8. Photoelektrischer Sensor nach Anspruch 6, wo-
bildet ist. 11    21                 EP 0 384 353 B1                22 14
Photoleoktrischer Sensor nach Anspruch 7, wo-     minre (10, 50) pour
projeter la lumlire 6mbae par bel ein Kr~lmmungsmitteipunrit elner sine
konka-  led it element 6lectroluminescent vers une zone ve Oberflache des
Abschnitts mit torischerOber-   de ditection; flache (22,32,42, 72)
definberenden Kurve in e0-       un el6ment de reception de la lumlire (2,
nen Bereich zwischen elnem Ort, der einem    5    6); at
Krlmmungsmittelpunct elner don Konvexlinsen-           un systhme optique
de reception de la lu- abschnitt (21, 31, 41, 71) definierenden Kurve
miere (20, 30, 40, 60, 70) pour gulder la lumlbre entspricht, und einem
Ort, deran einem Ende des  reflichie depuis un objet qui dolt etre detecte,
si- Abschnitts mit torischer Oberflache, das in der   tu6 dana la zone de
detection, vers ledit 61ement Nahe der Llchteinstrahllinse llegt, gelegt
ist, wo-  lo  de reception de la lumiere; caracterise en ce quo durch das
dem empfangenen Licht entsprechen-           au moins un dudit systeme
optique de pro- de Ausgangssignal monoton von elnem sehr kur-    Jection de
la lumiere et dudit systbme optique de zen Abstand zu einem langen Abstand
In der        r6ception de la lumrire inclut un 616ment optique
Lichtempfangercharakeriatik des photoelektri-     (22,32, 42, 62, 72) pour
faire diverger la lumibre schen Sensors abnimmt.                    15
dane une direction parallible a un plan qui contient un axe optique dudit
616ment 61ectroluminescent 15 PhotoelektrischerSensordes Reflexionstyps mit
et un axe optique dudit 616ment de rcoeption de elnem Lichtabgabeelement
(1),               la lumiere, etpourconcoentrerla lumiere dana une einer
Lichteinstrahilinse (10) zumn Ein-    direction perpendiculaire A ce meme
plan. strahlen von vom Lbchtabgabeelement abgege-  20 benem Licht in eine
Nachwelszone,             2. Capteurphoto6lectrique solon la revendication
1, einein Lichtempfingerelement (2), und       dana loquel lorsque ledit
616ment optique eat in- elner Lichtempfingerlinse (80, 90) zum      clus
dans ledit systbme optique de projection de Leiten von Reflexionslicht von
einem nachzuwei-   la lumiibre, ledit 616ment optique eat dispos6 dans
senden Gegenstand, welcher In der Nachwelszo-  25  ledit systbme optique de
projection de la lumlibre no angeordnet at, zu dem Lichtempfangerele-
A proximiti dudit systbme optique de r6ception ment, dadurch
gekennzeichnet, dalg  die          de la lumnibre, et lorsque ledUt 616ment
optique Lichteinstrahilinse (10) undloder die Lichtemp-   (32) est incdus
dana ledit systbme optique de r6- fingerlinse (80,90) durch einen
Konvexiinsenab-   ception de la lumibre (30), ledit 616ment optique schnitt
(81, 91) und oinen Zylinderlinsenab-  so  est dispos6 dana ledit systbme
optique de r6cep- schnItt (82, 92), der an elner Stelle vorgesehen  tion de
la lumniere A proximlKt dudit systbme opti- ist, die naher zur jeweils
anderen der Linsen als  quo de projection de la lumibre (10). der
Konvexiinsenabschnitt liegt, geblldet ist, derZylinderllnsenabschnitt
(82,92) so an-  3. Captsur photo61ectrique solon la revendication 1,
geordnet !st, daS er oinen LichtbfIndelungsvor-  35  dana loquel ledit
616ment optique comprend un gang In einer Ebene senkrecht zu der Ebene, die
61ementde lentille ayant une surface torique (22, die optischen Achsen der
Lichteinstrahllinse und  32, 42, 72) de fagon a pr6sentbr une surface der
Lichtempfingerlinse enthalt, durchfthrt       concave dons Is plan qui
contient l'axe optique 



dudit6l6ment 6ilectroluminescent etl'axe optique 16. Photooleltrischer
Sensor nach Anspruch 15, wo-  40  dudit 616ment de r6ception de la
lumnibre, et une bei der Zylinderlinsonabschnitt (92) eins in elner
surface convexe dans un plan perpendiculaire. solchen Weise geneigtb
Oberflache aufwelst, daBl die Dicke des Zylinderlinsenabschnitts zum  4.
Capteur photo6lectrique solon la revendlcation 3, Konvexiinsenabschnitt
(91) hin in siner Richtuhg  dans loquel ledit 616ment de lentille eat
constitu6 vermindert ist, welche di Lichteinstrahilinse (10)  45  par une
lentille de Fresnel (40, 70). und die Lichtempfingerllnse (80, 90)
verbindet. 5. Capteur photo6lectrique selon la revendication 3, 17.
Photoelektrischer Sensor nach Anspruch 15, wo-   dana lequel ledit 616ment
de lentille eat une lon- bei von Lichteinstrahilinse und Llchtempfinger-
tills de Fresnel constituie par un assemblage linso wenigstens eine
Fresnel-Linso isLt.  so    (72) de parties de lentillos en forme de bandes
li- n6alres s6tendant dans une direction A 1'intfrieur du plan qui contient
I'axe optique dudit 616ment Revendlcatlons
6lectroluminescent (1) et I'axe optique dudit 61- ment de r6ception de la
lumlire (2). 1. Captour photo61ectrique A roflexion compre-  cc nant:
6. Capteur photo6lectrique solon la revendication 1, un 616ment
6lectroluminescent (1, 5);       dans lequel l'un dudit systbme optique de
projec- un systbme optique de projection de la lu-  tion de la lumibre et
dudit systbme optique de r- 12 1      L111111111111 111    23
EP 0 384 353 B1                 24 ception de la lumiore (20, 30, 40, 70)
comprend   mibre dane un plan porpendiculaire. une partie de lentille
convexe (21, 31, 41, 71) et une partie de surface torique (22,32,42,72)
pr6-  13. Capteur photo6lectrique solon la revendlcation 1, vue A une
position plus proche de I'autre desdits  dane lequel ledit systbme optique
de projection systbmes optiquos quo ladite partie de lentille   5  de la
lumibre et ledit systbme optique de recep- convexe.
tion de la lumiere sont tous deux constitues par des r6flecteurs (50, 60);
7. Capteurphoto6lectrique solon la revendlcation 6,       au moins un
desdits reflecteurs (60) dans loquel ladite partb de surface torique (22,
comprend une partlo de miroir concavo (61) ot 32, 42, 72) a une surface
torique presentant une   10  une partie de miroirA surface torique (62)
prevue forme concave qul faitdivergerla lumibre Inciden-  A une position
plus proche de I'autre desdits re- te dane une direction
reliantleditsysthmeoptique  flecteurs (50) que ladite partie de mirolr
conca- de projection de la lumiere (10) et ledit systhme  ve; et optique de
reception de la lumlbre (20,30,40,70)       ladie partbe de miroir A
surface torique et uneforme convexe qui concentre la lumlere in-  15  (62)
presentb une forme de miroirconvexe quifait cidente dane une direction
orthogonale par rap-   diverger la lumiere dane un plan contenant lea port
a la direction ausmentionn6e.                axes optiques desdits
reflectburs (50, 60) et une forme de miroir concave qui concentre la
lumibre 8. Capteurphotoilectrique solon la revondication 6,  dane un plan
orthogonal. dans loquel ladito partle do lentille convexe (41,  20 71) et
ladite partie de surface torique (42, 72)  14. Capteurphotoelectrique selon
la revendication 7, sont toutos deux constitu6es par des lentilles de  dane
lequel un centre de courbure d'une courbeo Fresnel (40, 70).
difinissant une surface concave de ladite partie de surface torique
(22,32,42,72) est plabc dans 9. Captour photoelectrique solon la
revendicatlon 6,  25  un intervallb entre une position correspondant au
dans lequel ladito partlb de lentille convexe (41,  centre de courbure
d'une courbe definissant la- 71) estuno lentille de Fresnel constitu6e par
une  dito partie de lentillo convexe (21, 31, 41, 71) et combinaison de
parties de lentilles annulalres, et  une position correspondant A une
extremite de ladite partie de surface torique (42, 72) eat une  ladite
partle de surface torlque qui eat proche de lentille de Fresnel constitu6e
par un assemblage   30  ladito lentille de projection do la lumlbre, la
sortie de parties de lentilles en forms de bandes llneal-  de lumibre recue
decrolssant de ce fait de maniA- res se'tndant dans une direction qui coupe
per-   re monotone depuis une tres courto distance jus- pendlculairement
l'axe optique duditsystbme op-   qu'A une longue distance dans la
caracteristique tique de projection de la lumlere (10) et l'axe op-  de
roception de la lumibre du capteur photodlec- tique dudit systbme optique
de reception de la lu-  35  trique. 



mibre (40,70). 15. Captour photo~lectrique A reflexion compre- 10. Captour
photoelectrique solon la revendication 1,  nant: dana lequel au molns l'un
ou l'autre dudit systbme     un eiement electroluminescent (1); optique de
projection de la lumibre et dudit sys-  4o  une lentille de projection de
la lumire (10) teme optique de riception de la lumiere est cons-  pour
projeter la lumlire emiso par ledit element titue par un reflecteur (50,
60).                 electroluminescent vers une zone de detection; un
element de recoption de la lumlere (2); 11. Capteur photoclectrique solon
la revendication   et 10, dans loquel ledit roflecteur (60) comprend   45
une lentille de reception de la lumeire (80, une partle de miroir concave
(61) et uno partie de  90) pour guider la lumlbre reflechie deputs un ob-
miroir A surface torique (62) prevue A une posl-  jet qui dolt otre
d~tect6, situe dana la zone de de- tion plus proche de l'autre desdits
systbmes op-  tection, vers ledit element de reception de la lu- tiques
(50) quo ladite partie de miroir concave.  mibre, caracterise en ce quo 50
au molns une de ladite lentille de projec- 12. Capteur photoleictrique
solon la revendication   tion de la lumiere (10) et de ladito lontillo de
re- 11, dans lequel ladite partle de miroir A surface  ception de la
lumibre (80, 90) est constituee par torique (62) presente une forme do
miroir         une partie de lentille convexe (81,91) et une par- convex.
qul fait divergor la lumibre dane lo plan  tie de lentille cylindrique
(82,92) prevuea  une po- contenant lee axes optiques dudit systbme opti-
55  sition plus proche de l'autredesdites lentilles quo quo de projection
de la lumibre (50) et dudit sys-  ladito partle de lentille convexe, tbme
optique de reception de la lumibre (60), et       ladite partie de lentille
cylindriquo (82, 92) une forme de miroir concave qui concentre la lu-  eat
disposee de facon a avoir une action de 13 C I 1111111111111 111    25
EP 0 384 353 B1                  28 concentration de la lumiere dans un
plan perpen- diculaire au plan contonant lea axes optiques de ladite
lentille de projection de la lumiere et de la- dite lentille de reception
de la lumibre. 5 16 Capteur photo6lectrique selon la revendication 15, dans
loquel ladite partie de lentille cylindrique (92) a une surface indin6e de
tole maniere quo l'epalsseur de la partlo de lentille cylindrique est
riduite du ote de la partie de lentille convexe   10 (91) dans une
direction reliant la lentille de pro- jection de la lumibre (10) et la
lentille de rcoeption de la lumiere (80, 90). 17. Captour photo6lectrique
selon la revendication   15 15, dans Ioquel au moins une de ladite lentillo
de projection de la lumiere et de ladite lentille de re- caption de la
lumiere est une lentille de Fresnel. 20 25 90 35 40 45 50 55 14    


