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@ A smoke detector,

@ A smoke detector, in which there is provided a {light emit- -

ting portion (2) for throwing a beam of light onto smoke
entering into the detector, and a light detecting portion (3)
arranged to receive light having been scattered from particles
of the smoke. The light emitting portion comprises a light
source (5) and a light pervious sphere element (6a) permitting
passage of a beam of light from the light source toward the
smoke, while the light detecting portion comprises & light
sensitive element (9}, generating a smoke detection signal in
response to the detection of the scattered light and a light
pervious sphere element (6b) permitting passage of the scat-
tered light toward the light sensitive element. In ‘the case
where jnvisible light, such as infrared rays, is employed, the
light detecting means comprises a light selecting member.

Fig |
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A SMOKE DETECTOR

FIELD OF THE INVENTION ,
The present invention relates to a hlghly sen51t1ve :
device for achieving qulck detection of smoke which is

produced when a fire breaks out, and more particularly

-relates to an improvement in a smoke detector of the type in

which the detection of smoke'is cartied out through the
detection of 1ight scattered by particles of smoke.
BACKGROUND OF THE INVENTION
There is a conventional smoke detector of the above-
mentioned type in which a beam'cf;light is thrown on smoke

which has entered into the detector so that the beam of

.light is scattered by partlcles of the smoke,-and in which

the scattered light is detected by a photo-electric element
which generates an alarm'signal_ihdicative Of'the detection
of the smoke. However, in the sonventional smoke detector,
when a beam of light is thrown on_thin'smoke which is often
produced during anrihitiel stage of a fire, oniy a small
part of the beam of light is scattered by particles of the
thin smoke. As-a result, the scattered light is so weak
that the intensity of the llght is at most, for example,
several thousandths lux. On the other hand, when the
conventional smoke detector is arranged at a plese where the
smoke detection should be carrled out, the surroundlng 1lght
can be so strong that the 1nten51ty of the light is several-
hundreds luxes. Furhter, when the_smqke detector is
directly exposed to the sun light, the intensitY~of the
surrounding light is high, up to several ten thousands
luxes. = Therefore, the conVentionelrsmoke detector has,
insideethereof;;a very complicated dark chamber to permit
entrance of air into the chamber, but not to permit- entrance
of the surroundingrlight. ‘The Japanese laid-open utility"
model applicatioh No. 54(1979)-29078 or No. 54(1979)-12390
dlscloses such a compllcated dark chamber to be provided for
the conventional smoke- detector - As a result, the phy51ca1

structure: of the conventlonal smoke detector is very
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complex, and the size of the detector must be large. 1In
addition, the manufacturlng cost of the detector is hlgh
Moreover, since the complicated dark chamber of the '
conventional smoke detector usually makes it difficult to
permit the entrance of slowly moving smoke into the chamber,
the conventional smoke detector,often fails to achieve
reliable detection of smoke which is'produced,during the
initial stage of a fire. ' ' '

SUMMARY OF THE INVENTION-

An object of the present invention is to provide an
improvement for the conventional émoke detector, so that the
above-mentioned drawbacks are entirely eliminated.

Another object of the present,inVehtiQn is to providera
highly sensitivefsmokejdetectorrcapablerof,achieving quick
detection of smoke which is produced'during the initial
stage of a fire. ' 7 ' , . 7

A further object Of'the'present:invention is to provide
a smoke detector haviné not only a'dark chamber of a simple
structure, but also a high signalrto noise ratio (S/N ratio)
which is defined as a ratio of the outputsrof the detector
in the case where the entrance of smoke to be'aetected'into
the detector takes place and in the case Where no entrance
of smoke into the detector takes place. - '

The above and other objects and advantages of . the
present 1nventlonrw1ll be made apparentffrom the ensulng
description of a preferred embodiment of the present
invention with reference to the accompanylng draw1ngs
wherein: ' o , B

Fig. 1 is a top plan view of a smoke detector
according to an embodiment of the present 1nvent10n,
Fig. 2 is a cross—sectlonal v1ew taken along the
line II-II of Fig. 1; - .
Fig. 3 is a cross-sectional view taken along the
line III-III of Fig. 1; o
Fig. 4 is a plan v1ew, in part cross-sectlon, of a
smoke detector shown in Figs. 1 through 3, and;
- Fig. 5 is the identical view to Fig. 2 but



10

15

20

25

30

35

0021671

illustrating a detailed arrangement of a smoke detection
unit inoorporated'in the-detector'shown in Figs. 1
through 4. ”,rr - '

DESCRIPTION OF VAN 'EMBQDIMENT

Referring to the drawings, an optical unit 1
incorporates therein a 1ightremitting:portioan'and a light
receiving or detecting portion 3 of a smoke detector '
according to an embodiﬁent of the present invention. The
optical unit'l is mounted on a base plate 4. The light
emitting portion 2 of the optical unit 1 is provided with a
beam source 5 for emlttlng a beam of light, a spacer
member 1l0a for supportlng the beam source 5 and for
determining an angle of emission of the beam of light, and a
light pervious sphere element 6a. The beam source 5 may be,
for example, a light emitting diode, usually referred to as
an LED element. An. outlet openlng 7a, hav1ng a diameter 7
sllghtly smaller than the dlameter of the- sphere element 6a,
is formed in an end face of the 11ght emlttlng portion 2.
Therefore, the light emitting portion 2 emits a beam of
light through the oﬁtletropening 7aitoward the outside of
the light emitting portion 2. A flange'piece 8 extends from
a part of the periphery of the outlet ooenlng 7a toward the
outside of the openlng 7a. The flange piece 8 is ‘provided
for preventing the beam of light emitted by the beam
source 5 from directly entering into the light detecting
portion 3. V'The beam sourCe'S of the light emitting
portion 2 is generally comprlsed of a semi conductorillght '
source, such as the abovefmentloned LED. Howeve:ﬁ many
other light sources, such as a visible light radiation
element, an infrared'rays radiation element, an ultraviolet
rays radiation element and a white light emlttlng lamp may
also be employed, as requlred

The light detectlng portlon 3 is arranged adjacent to
and at a rlght angle with the light emlttlng portion 2, via
a space into which the beam of light is emitted from the
light emitting portion 2. The light detecting portion 3 is

formed with a light inlet opening 7b, and is provided with a
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light pervious sphere eiement 6b haVingra diameter slightly
larger than that of the light inlet opening 7b, a spacer'
member 10b, and a light'sensitive'element, such as a
photo-electric element 9. The spacer member 10b supports.
the sphere element 6b and has an Qpening through which a
light, having been scattered from particles of smoke
entering into the above—mentioned spaee,fpasses at a
predetermined converging angle teward the light receiving
surface of the photo-electric-element 9. Therefore, the
beam of light emittedrfrom'the beam source 5-passes through
the spacer member 10a, the sphere element 6a and the light
outlet opening 7a of the light emitting portion 2, and is
thrown on smoke which enters into the smoke detector. As a
result, the beam of 1lght is scattered from partlcles of the
smoke.r The scattered light then enters into the light '
detecting portion 3 through,the ;nlet,openlng;7b. Thus, in

"the light detecting poftion 3, the,detection of the smoke is

carried out through the detection of the scattered light.

It should be understood that the light pervous sphere
elements 6a and 6b are sphere bodies; respectively, made of
a plastic material or glass. 'Thehsphefical'shape of the
light pervious sphere elementr6a istvery advantageous for
assembling the light emitting portion 2, Since:it,is very
easy to align the central axis of the Beam'source with the
optical axis of the sphere element 6a. - Further, since the
light pervious sphere elementSVGa andrsbfcan be used, as en
optical element having a small,optical caliber and a short ‘
focal distance,'the’opticairﬁnit 1 incorporating therein the
light emitting portioﬁrzrand the light detecting poxrtion 3
can be a very close assembly. Therefore, it is possible not
only to acquire strong scattered 1ight fremrintroducing
smoke into a space adjacent to the light outlet opening 7a
of the light emitting portion 2, but also to direct the
strong- scattered light into the 11ght detectlng portion 3.

As a result, even 1f the smoke is thln, it is ensured that
the detection of the smoke is accurate and rellable.

The above-mentioned optical unit 1 mounted on the base
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plate 4 is housed in a housing 13 and a top covering 11

attached to the top of the housing 13. The top covering 11
prevents the surrounding light from entering into a dark
chamber which is formed inside thertop covering 11. At this
stage, it should be appreciated that, as stated above, since
the optical unit 1 is a very cloée assembly in which the
detection of smoke is achieved with certainly through the
detection of strong:scétteredriight, complete prevention of
the entrance ofrthe:éurrounding light into the smoke dtector
is not necessary. This fact contributes to simplifying the
structure of the dark chamber formed inside the top

covering 11. Therefore, in the smoke detector of the
embodiment shoWn in Figs. 1 through 5, siﬁple light block
plates 12a and 12b are arranged inside the top covering 11,
so that sun beams are not permitted to directly enter into
the dark chamber.,,The simple structure of the dark chamber
is very advéntageous for enabling smoke to easily enter into
the dark chamber. Therefore, the smoke detector can be a
highly sensitive smoke detecting device. As shown in

Figs. 3 through 5, the pair of light blecking plates 12a
arranged on opposite sides of the optical unit 1, are
effective for préventing the surrounding light or sun beams
from directly entering into the dark chamber through the
largersmoke entrance bores-1lla formed in the top

covering 11. The light blocking plate 12b is effective for

preventing the su;rqunﬁ;gg light from directly entering into
the dark chamber tﬁééﬁgh'a small smoke entrance bore 11b
formed in the top covering 11. However, as shown best in
Fig. 5, the light blocking plate 12b is also effective for
preventing the beam ofrlight:émitted from the light emitting
portion 2 from entering into the light detectiné portion 3
after the beam of light have been reflected from an inner
surface of the,toprcbveringrll; ‘That is, the plate 12b
absorbs the beam:of light reflécted from the inner surface
of the top covering 11. - 7 ,

Referring now to Figs. 2 and 3, the smoke detector is

provided with a conventional electric amplifier 14
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electrically connected to the photo-electric element 9. The
amplifier 14 amplifies electrical smoke;aetection signals
coming from the photoéeleCtricrelement 9 of the light
detecting portion 2. The amplified signal is then used for
actuating alarm devices (not shown) or flre extlngulshlng
devices (not shwon). _ ' ﬁ' L ,

The descrlptlon w111 now be prov1ded herelnafter with
respect to an embodiment of the smoke detectorrln,whlch the
beam source 5 of the'lightremittingVPOrtion"é emits a beam
of light having wave lengths except fdr7wave'1engths ofi
visible lights. That is, the beam source 5 emits infrared
rays or ultraviolet rays. One typical:example'of the beam
source 5 may be comprised of an infrared lightlemitting
diode (LED) whlch emits infrared rays hav1ng a peak wave
length of 9400 A Therefore, the llght detectlng portion 3
employs a light selecting element whlch permlts passage
therethrough of only the above—mentionedﬁinfrared'rays. As
one typical example of the light selectlng element, a fllter
member 15 (Fig. 5) is used for blocklng llght having wave
lengths less than 9200 A, and 1is arranged ‘adjacent to the
light inlet opening 7b. In another;example ofrthe light
selecting element, the photo—electric element 9 perrse used
as a light sensitive element may be comprlsed of a certain
selected photo—electrlc element respon51ve to llght having a
preselected wave length. In,a further;example of the light
selecting element, the 1ight'perVioushspherelelement 6b may
be made of material which has the same filtering effect as
the above-mentioned filter memberlls. 'Mereover; the fllter
member 15 may be arranged- between the photo-electrlc '
element 9 and the llght perv1ous sphere element 6b.

When the infrared rays are emitted from the beam .
source 5 of the light emitting'portien é,rthe infrared'rays
are scattered by smoke entering inte”the:dark chamber of the
smoke detector. Then, with the scattered lnfrared rays, the
ray components having wave lengths of 19200 A or more are
permitted to enter into the light detecting portion 3
through the filter member 15. ‘Therefore, the light

e A
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detecting portion 3 is not affected by visible light,
including the surrounding light of the detector. As a
result, S/N ratio of the smoke detector can be very high.
Consequently, the smoke detector can have a high smoke
detection performance without erroneous operation. Further,
since the structure of the dark chamber formed inside the
top covering 11 is very simple, smoke is able to easily
enter into the dark chamber. Therefore, quick detection of
smoke is ensured by the smoke ‘detector of the present
invention. At this stage, it should be noted that in the
case where invisible light, such as infrared rays or
ultraviolet rays are employed, the top covering 11 may be
eliminated.

While the described embodiment represents a preferred
form of the present invention, it is to be understood that
some modifications will occur to those skilled in the art

without departing from the spirit of the invention.
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CLAMS
1. A smoke detector, comprising:

a light emitting means for throwing a beam of
light onto smoke entering into the detector, said light
emitting means comprising a light source and a light
pervious sphere element permitting passage of a beam of
light from the light source toward the smoke, and;

a light detecting means arranged to receive
light having been scattered from particles of said smoke,
said light detecting means comprising a photo-electric
element generating a smoke detection signal in response to
detection of said scattered light, and a light pervious
sphere element permitting passage of said scattered light
toward said photo-—-electric element. B

2. A smoke detectorraccording to Claim 1, further
comprising means for preventing direct passage of a beam of
light from said light emitting means to said light detecting
means.

3. A smoke detector according to Claim 2, wherein
said preventing means comprises a flange piece extending
from an outer opening of said light emitting means toward a

position adjacent to an entrance opening of said light

detecting means.

4. A smoke detector according to Claim 1, wherein
said light detecting means further comprising a light )
selecting element for passing, through said light detecting
means, light components of séid scattered light having wave
lengths other than those of visible light.

5. A smoke detector according to Claim 4, further
compr ising means for preventing direct passage of a beam of
light from said light emitting means to said light detecting
means. '

6. A smoke detector according to Claim 5, wherein
said preventing means comprises a flange piece extending
from an outer opening of said light emitting means toward a
position adjacent to an entrance opening of said light

detecting means.
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7. A smoke detector according to Claim 1, further
comprising means for covering said light emitting means and
said light detecting means, and a light blocking means for
preventing said beam of light coming from said light
emitting means from entering into said light detecting means
after being reflected from an inner surface of said covering
means. .

8. A smoke detector according to Claim 7, wherein
said covering means comprises -a housing for said light
emitting means and said light detecting means, and a top
covering mounted on said housing, said housing and said
covering defining therein a dark chamber.

9. A smoke detector according to Claim 8, wherein
said light blocking means comprises light block plates
formed as one part of said top covering. .-

l0. A smoke detector according,fo any one of Claims 7
through 9, further comprising means for preventing direct
passage of a beam of light from said light emitting means to
said light detecting means.

11. A smoke detector according to Claim 10, wherein
said preventing means comprises a flange piece extending
from an outer opening of said light emitting means toward a
position adjacent to an entrance opening of said light
detecting means.

12. A smoke detector, comprising: - .

. a light emitting means for.illuminating smoke
entering into the detector;

a light detecting means arraﬂged to receive
light having been scattered from said smoke, said light
detecting means comprising a light sensitive element capable
of generating a smoke detection signal upon receipt of said
scattered light, and a light selecting means for passing,
through said light detecting means, invisible components of
said scattered light which have wave lengths other than
those of visible light.

13. A smoke detector according to Claim 12, wherein

said light emitting means comprises a light source capable
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of emitting a beam of light having wave lengths that include
no wave lengths of visible 1light.

14, A smoke detector according to Claim 13, wherein
said light source comprises an infrared light emitting
diode. '

15, A smoke detector according to Claim 12, wherein
said light selecting means of said light detecting means
comprises a filtering element arranged at an entrance
opening of said light detecting means.

l6. A smoke detector according to Claim 12, wherein
said light sensitive element comprises a photo-electric
element capable of generating an electric signal upon
receipt of only light having wave lengths that include no
wave lengths of visible light, said photo-electric element.
operating as said 1igh£'se1ecting means.

17. A smoke detector according to Claim 12, wherein
said light selecting means comprises a filter member
positioned ahead of and arranged so as to be integral with
said light sensitive element.

18. A smoke detector according to Claim 12, wherein
said light selecting means comprises a sphere lens element
having a filtering effect to pass therethrough said
invisible components of said scattered light.

19. A smoke detector according to Claim 12, wherein
said 1light emitting means and said light detecting means are
arranged so as to be exposed to the atmosphere without being
covered by any coveringrméans. ' o
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