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Self-testing combustion products detector.

@ A self test circuit (10) for a combustion products Figl
detector automatically periodically tests whether the : e
sensitivity of the sensor (12) is in a predetermined s BN o sarreay st puane wo seser sue rors e
range between minimum and maximum sensitivities. tale] — guermure -
Transistor switches (36,39) selectively connect dif- unEl ‘smqi-———l::: NMIBIT OUTPUT, TRANSISTOR 3G EHABLE
ferent test impedances across the sensor for respec- Ly -
tively simuiating two amounts of combustion pro- e s
ducts, one of which is slightly less than the amount , s .
corresponding to the maximum sensitivity level and unE 4 . B et o
the other of which is slightly greater than the amount p 'jl::s 4 ’
corresponding to the minimum sensitivity level. If the unes : :
sensor either produces a smoke output signal in hi‘l:],l_‘

oL

response to the first test or fails to produce an
output signal in response to the second test, then
the smoke alarm is actuated after the tests are
completed to produce a unique fault signal, the
= alarm annunciator (24) being inhibited during the

< test.
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1 0 248 957 2

SELF-TESTING COMBUSTION PRODUCTS DETECTOR

Background of ihe Invention

The present invention relates to combustion
products detectors and, in particular, to means for
testing the sensitivity of such detectors.

Devices for detecting combustion products,
such as smoke, are principally of two types, viz.,
ionization-type detectors and photoelectric detec-
tors. The principles of the present invention are
applicable to any type of combustion products de-

tector, although the preferred embodiment is de-

scribed in connection with an ionization-type detec-
tor.

In an ionization-type detector, the sensor is
typically an active ionization chamber which is reia-
tively open to ambient air. A reference impedance
is typically provided by a reference ionization
chamber which is relatively closed to ambient air, a
reference chamber which is open to ambient air
but insensitive to products of combustion, or a
physical resistor. Each of the chambers includes a
pair of spaced electrodes, or the chambers may
share a common electrode therebetween, and
means are provided, such as a source of radioac-
tive energy, for ionizing air molecules between the
electrodes. With the chambers or chamber and
resistor in series to form a voltage divider, and with
a voltage applied thereacross, an electric field is
generated between the electrodes to establish a

current flow through the chambers or chamber and

resistor by movement of ions between the elec-
trodes. The potential at a sensing electrode at the
junction between the active chamber and reference
impedance is then in accordance with the relative
impedances of the two elements.

A change in the ambient conditions, such as
the presence of combustion products, affects the
ion current flow through the series elements and
therefore the impedances thereof. The voltage at
the sensing electrode is monitored by a detection
circuit and when it exceeds a preselected alarm
level, the detection circuit energizes a suitable
alarm circuit. In self-contained, i.e., battery-power-
ed, combustion products detectors of this type, it is
known 1o provide a battery monitoring circuit which
will cause a low battery signal to be generated
when the battery has been depleted to near a level
at which successful operation of the alarm circuit is
no longer assured.

It is known to provide in combustion products
detectors means for testing the operation thereof.
in particular, means have been provided for testing
the sensitivity of the combustion products sensor
by simulating the presence of combustion pro-
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ducts. In ionization-type detectors, this test means
may comprise a manually-operated switch for con-
nection an impedance across the ionization cham-
bers, thereby to change the voltage thereacross so
that the sensing elecirode voltage is equal to that
which would be produced if combustion products
were present in an amount beyond which the gen-
eration of an alarm is necessary. Such arrange-
ments are disclosed, for example, in U.S. Patents
No. 4,097,850 and 4,246,572. These test devices
simply check to see if the sensitivity of the sensor
is above a predetermined minimum sensitivity. But
it is important that the sensitivity not be too high,

'so as to avoid frequent false alarms. No prior test

devices are concerned with the maximum sensitiv-
ity of the sensor.

All such manuzlly operated test devices rely
upon the user to remember to test the combustion
products detecior at regular intervals. But users
frequently forget to make such tests. Furthermore,
since combustion products detectors are typically
located on ceilings or other relatively difficult to
reach locations, manual testing of the device may
be sufficiently inconvenient to deter the user from
making such tests. ,

It is also known to provide a circuit for self-
checking of the sensifivity of a combustion pro-
ducts detector. Such an arrangement is disclosed
in U.S. Patents No. 4,306, 230 and No. 4,302,753,
which disclose continuous monitoring of the clear-
air voltage from the sensor. But those devices
necessitate an additional voltage comparator for the
clear-air voltage monitoring, and they check only to
be sure that the sensitivity is above a minimum
sensitivity level. Furthermore, the device of Patent
No. 4,302,753 may not properly check this mini-
mum sensitivity level since the sensing slectrode
voltage changes with various smoke levels and is
typically nonlinear due to chamber saturation, and
large errors in tested smoke levels may therefore
result.

There have also been provided various types
of fault detection circuits which automatically pe-
riodical ly conduct a self-test of a system in order
o detect the presence of certain faults. Such sys-
tems are disclosed, for example, in U.S. Patents
No. 3,928,849 and 4,199,755. But none of these
periodic self-testing circuits are designed for test-
ing sensitivity of a combustion products detector.
Typically, prior combustion products detectors
which test sensitivity by simulating combustion pro-
ducts, operate on the principle that the normal
smoke alarm should operate: under the test con-
ditions. If the alarm fails to operate, due to im-
proper sensitivity of the sensor, a threat to life
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safety will occur. There is, therefore, a need for a
combustion products detector which will provide an
automatic, positive indication when the sensitivity
fails to meet the test criteria for proper operation.

Summary of the Invention

It is a general object of the present invention to
provide an improved combustion products detector
which includes sensitivity testing means which
avoids the disadvantages of prior combustion pro-
ducts detectors, while affording additional structural
and operating advantages.

An important object of this invention is the
provision of a combustion products detector which
includes means for testing to determine whether
the sensitivity of the sensor is below a predeter-
mined maximum sensitivity.

it is another object of this invention to provide
a combustion products detector of the type set
forth, which includes means for automatically pe-
riodically testing the sensitivity of the sensor.

Still another object of this invention is the pro-
vision of a combustion products detector of the
type set forth, which includes means for testing
whether the sensitivity of the sensor is in a pre-
determined range between the minimum and maxi-
mum sensitivities.

It is another object of this invention to provide
a combustion products detector having a sensitivity
testing means which simulates combustion pro-
ducts and provides a positive indication when the
sensitivity fails to meet the test criteria.

These and other objects of the invention are
attained by providing a combustion products detec-
tor having a sensor for producing an output signal
in response to the presence of an amount of com-
bustion products in excess of a threshold amount,
wherein the threshold amount varies inversely with
the sensitivity of the sensor, and wherein the de-
sired sensitivity is in a predestermined range be-
tween minimum and maximum sensitivities, the im-
provement comprising: test means for simulating
the presence of combustion products in an amount
slightly less than the amount corresponding to the
maximum sensitivity, test means for simulating the
presence of combustion products in an amount
slightly greater than the amount corresponding to
the minimum sensitivity, control means for actuat-
ing the test means, and alarm means coupied to
the sensor and responsive to an output signal
therefrom for producing an alarm indication, where-
by an alarm indication is pro duced in response to
actuation of the test means when the sensitivity of
the sensor exceeds the maximum sensitivity or
when the sensitivity of the sensor is less than the
minimum sensitivity.
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The invention consists of certain novel features
and a combination of parts hereinafter fully de-
scribed, illustrated in the accompanying drawings,
and particularly pointed out in the appended
claims, it being understood that various changes in
the details may be made without departing from
the spirit, or sacrificing any of the advantages of
the present invention.

Brief Description of the Drawings

For the purpose of facilitating an understanding
of the invention, there is illustrated in the accom-
panying drawings a preferred embodiment thereof,
from an inspection of which, when considered in
connection with the following description, the inven-
tion, its construction and operation, and many of its
advantages should be readily understood and ap-
preciated.

FIG. 1 is a series of waveform diagrams
illustrating the various clock signals produced by
the test circuitry of the present invention;

FIG. 2 is a partially schematic and partially
block circuit diagram of the combustion products
detector of the present invention.

Description of the Preferred Embodiment

Referring to FIG. 2 of the drawings, there is
illustrated a combustion products detector, gen-
erally designated by the numeral 10, constructed in
accordance with and embodying the features of the
present inven tion. The detector 10 includes cir-
cuitry, which is connected to a sensor 12 of the
ionization type. The sensor 12 includes a reference
ionization chamber 13 having an electrode 14 con-
nected to a positive battery supply voltage (B+)
and an electrode 15, which are maintained in a
spaced relationship by a spacer (not shown) of
insulating material, the electrodes 14 and 15 and
the spacer together forming a relatively imperforate
closure. The sensor 12 also includes an active
ionization chamber 16 which has an electrode 17
which may be in the form of a relatively perforate
conductive housing cooperating with the electrode
15 to dsfine the active ionization chamber 16, the
electrode 15 being common to both chambers 13
and 16.

Means are provided, such as a radioactive
source (not shown) for ionizing air molecules within
both of the chambers, whereby with a voltage
applied across the electrodes 14 and 17 an electric
field is generated within each chamber to establish
a current flow there-through by movement of the
ions between the electrodes in a well known man-
ner. The reference and active chambers 13 and 16
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thus form a voltage divider and they are connected
in series with a resistor 18 between the B+ supply
and ground. Thus, the voltage at the electrode 15
is a function of the relative impedances of the
chambers 13 and 16. Resistor 18 is much lower in
impedance than the ionization chambers and will
therefore normally not influence the sensing elec-
trode voltage value. Connected in parallel with the
sensor 12 is the series combination of a resistor 19
and a manually-operated, normally-open test switch
20 for manually testing to see that the sensitivity of
the sensor 12 is above a predetermined minimum
sensifivity in a well known manner, as was de-
scribed in greater detail in the aforementioned U.S.
Patent No. 4,097,850.

The combustion products detector 10 also in-
cludes a potentiometer 21 connected across the
B+ supply and having a wiper which is connected
to the reference terminal of a smoke comparator
22, the other terminal of the comparator 22 being
connected to the sensor electrode 15. The ouiput
of the comparator 22 is connected to one of three
inputs of an OR gate 23, the outpui of which is
connecied to the input of a horn driver 24, the
output of which is connected to an output terminal
25 to which may be connected a suitable horn (not
shown). The horn driver 24 may be a single driver
to activate an associated electromechanical horn or
muiltiple drivers to operate a piezoelectric horn. It
will be appreciated that other types of annunciators
could also be provided.

The combustion products detector 10 also in-
cludes a low battery comparator 26 having a refer-
ence input terminal which is connected to an inter-
nal reference voltage provided by a current source
27 connected to the B+ supply, the reference
voltage being regulated by a Zener diode 28. The
anode of the Zener diode 28 is connected to the
negative terminal of a battery 29, the positive ter-
minal of which is the B+ supply and is connected
to the other inpui terminal of the comparaior 26.
The output of the low battery comparator 26 is con
necied to one of two inputs of an AND gate 31, the
output of which is connected {o one of the inputs of
the OR gate 23. The other input of the AND gate
31 is connected to the output line 1 of a clock 32,
which output is also connected to the reset termi-
nals of two D-type flip-flops 33 and 34, the set
terminals of which are connected to ground. The
data inputs of the flip-flops 33 and 34 are con-
nected to the output of the smoke comparator 22,
while the clock inputs of the flip-flops 33 and 34
are respectively connected to output lines 3 and 4
of the clock 32.

The clock 32 also has an output line 2 which is
connected to an inhibit terminal of the horn driver
24 and is also connected through an amplifier 35 to
the gate of a metal oxide semiconductor field-effect
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fransistor ("MOSFET") switch 36, the drain of
which is connecied to the electrode 17 of the
sensor 12. Connected in series between the source
of the transistor 36 and the B+ supply are two
resistors 37 and 38. The resistor 38 is connecied
across the source and drain of a MOSFET 39, the
gate of which is connected io the oufput of an
inverter amplifier 40, the input of which is con-
nected to an oufput line 4 of the clock 32. It will be
appreciated that other types of electronic switch
devices could be used in place of the MOSFETS
36 and 39 and associated amplifiers 35 and 40.
The clock 32 also has an ouiput line 5 which is
connected to one input of an AND gate 41, the
other input of which is connected to the ouiput of
an OR gate 42 having two input terminals which
are respectively connected to the Q output of the
flip-flop 33 and the inverted Q output of the flip-flop
34. The output terminal of the AND gate 41 is
connected "to the other input terminal of the OR
gate 23.

Referring now also to the waveform diagrams
in FIG. 1, the operation of the combustion products
detector 10 will be described. In normal operation,
in the presence of combustion products the imped-
ance of the active ionization chamber 16 will in-
crease. When the -voliage at the electrode 15
reaches the preset level at the external reference,
as determined by the potentiometer 21, an output
will be produced from the smoke comparator 22,
which is transmitied through the OR gate 23 to
activate the horn driver 24. The associated horn
(not shown) will remain activated as long as the
amount of combustion products is sufficient to
maintain the voltage of the elecirode 15 at or above
the external reference.

If it is desired to manually test the operation of
the combustion products detector 10, the external
test switch 20 is closed, thereby connecting the
voltage divider consisting of resistors 19 and 18 in
parallel with the sensor 12. This operates to raise
the voliage at the electrode 15 in the same manner
as it would be raised by the presence of actual
combustion products in an amount sufficient to
actuate the alarm. Accordingly, the closure of the
test switch 20 acts to simulate the presence of
combustion products, raising the voltage of the
electrode 15 above the exiernal reference {o pro-
duce an ouiput from the smoke comparator 22.

There is also provided a low battery compara-
tor 26 for monitoring the B+ supply voltage, and
producing a fault signal in the event that the battery
voltage drops below a level necessary for proper
operation of the combustion products detector 10.
Thus, when the B+ supply voltage drops below an
internal reference level, as determined by the refer-
ence source 27, a continuous ouiput would be
produced from the low battery comparator 26. This
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output signal is applied to one terminal of the AND
gate 31, the other input of which is applied from
output line 1 of the clock 32. This clock signal is
illustrated in FIG. 1, the various waveforms of which
are designated by the line numbers corresponding
to the output lines of the clock 32. It can be seen
_ that the waveform on line 1 comprises a short

pulse 43, typically approximately 10 ms in duration,
which is periodically repeated at relatively infre-
quent intervals, typically about one minute. In the
presence of an output signal from the low battery
comparator 26, each clock pulse 43 on line 1
produces an output from the AND gate 31, which is
applied through the OR gate 23 to activate the horn
driver 24. Thus, in the event of low battery voltage,

the combustion products detector 10 will produce a

short 10 ms "beep" about once per minute. This
intermittent signal is easily distinguishable from the
continuous alarm signal which is produced in the
presence of - combustion products, for unam-
biguously indicating the low battery condition.

All of the foregoing are well known operating
features of combustion products detectors. Refer-
ting now to the waveforms on lines 2-5 of FIG. 1,
the novel aspects of the self-test circuit 30 of the
present invention will be described in detail. The
clock signal on line 1 for enabling the low battery
indication, is also applied to the reset terminals of
each of the flip-flops 33 and 34 for resetting them.
Thus, about once each minute each of these flip-
flops 33 and 34 is reset, the occurrence of this
reset signal being at a time designated to in FIG. 1.

It is a significant aspect of the present inven-
tion that a fault indication will be produced in
response to the self-tést, only in the event that the
combustion products detector 10 is not operating
properly, i.e., in the event that it fails the self-test.
Accordingly, at time ti, approximately 15 ms after
the termination of each pulse 43 on line 1, the
clock 32 produces an output pulse 44 on line 2,
which is applied to the inhibit terminal of the horn
driver 24. This prevents actuation of the horn driver
24 for the duration of the inhibit pulse 44 (about 2
seconds), so that an alarm indication cannot be
produced while the self-test is in progress. This
inhibit is removed at the end of the pulse 44 so
.that an alarm signal can be produced after the self-
test is completed. The pulse 44 on line 2 is also
applied through the amplifier 35 to the gate of the
MOSFET 36, turning it on and thereby connecting
the voltage divider consisting of resistors 37, 38
and 18 in paralle! with the sensor 12. This causes a
change in the voltage at the electrode 15 in gen-
erally the same manner as was described above in
con nection with the operation of the manual exter-
nal test switch 20.
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Because of the fact that there are different
types of combustion and, accordingly, different
types of combustion products which can trigger the
sensor 12, it is not possible to set the sensitivity of
the sensor 12 at a level which will respond to all
types of combustion products equally. Thus, for
example, while a certain concentration of one com-
bination of combustion products from a particular
type of combustion might be sufficient to raise the
voltage at the electrode 15 above the external
reference level, another combination of combustion
products from a different type of combustion might
have to be present in a slightly higher concentra-
tion in order to raise the voltage of the electrode 15
above the reference level. Thus, it is typically the
practice to establish the sensitivity of the sensor 12
at a level such that it will be sensitive enough to be
capable of responding to all types of fires. In a
preferred embodiment of the invention, this mini-
mum sensitivity is such that the sensor will re-
spond {o produce a smoke alarm indication when
the amount of combustion products reaches 1.5%
obscuration per foot (the higher the sensitivity of
the sensor 12, the lower the amount of combustion
products necessary in order to {trigger it into
alarm).

But if the sensitivity is too high, the combustion
products detector 10 will frequently produce false
or nuisance alarms (such as in the event of some-
one smoking a cigaretie or cooking in the general
vicinity of the combustion products detector). Thus,
in a preferred embodiment, it is desired that the
maximum sensitivity of the sensor 12 be such that
it will not be triggered into alarm by an amount of
combustion products at .5% obscuration per foot or
less. Thus, it is désired that the sensitivity of the
sensor 12 be in a range corresponding to amounts
of combustion products in the range between .5%
and 1.5% obscuration per foot.

The values of the resistors 37 and 38 are
chosen so that they will cause a change in voltage
at the electrode 15 slightly less than the minimum
needed to cause an ouiput from the smoke com-
parator 22 to occur. In other words, the connection
of the resistors 37 and 38 across the sensor 12
simulates an amount of smoke just below the
amount corresponding to the maximum sensitivity
of the sensor 12, i.e., slightly less than .5% ob-
scuration per foot. Thus, if the sensitivity of the
sensor 12 is in the desired range, it will not re-
spond to this combustion products simulation for
producing an output from the smoke comparator .
22. If, on the other hand, sensitivity of the sensor
12 is too high, i.e., the clear-air voltage of the
electrode 15 is greater than it should be, the clo-
sure of the transistor switch 36 will raise the volt-
age of the electrode 15 above the external refer-
ence and produce an output signal from the smoke
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comparator 22. This is again applied to the horn
driver 24 through the OR gate 23, but the horn
driver 24 is not activated since it is being inhibited
by the pulse 44 on clock line 2.

However, the ouiput from the smoke compara-
tor 22 is also applied to the data terminals of each
of the flip-flops 33 and 34 which were just reset at
time 1. The flip-flop 33 now has its set and reset
terminals at ground or logic low level. In this con-
dition, the Q terminal will be low and can be
become high only in the event that there is a logic
high at the data terminals and a positive-going
transition at the clock terminal. At time i the clock
32 also produces on line 3 a negative-going pulse
45, of about 1 second duration. When the data
input of the flip-flop 33 is high, as a result of an
output signal from the smoke comparator 22, the
positive-going transition 46 at the end of the clock
pulse 45 at time t2 will cause the Q output of the
flip-flop 33 to become high and remain high until

reset at the next clock pulse 43 on line 1, about

one minute later. This output signal is applied
through the OR gate 42 to one input of the AND
gate 41. However, the other input to the AND gate
41, which is connected to clock liné 5, is low at
time & (see FIG. 1) so that no ouiput is produced
from the AND gate 41 at this time. If, on the other
hand, the maximum sensitivity of the sensor is
normal, no output from the smoke comparator 22
will be obtained during puise 45 and the Q output
of flip-flop 33 will remain low at transition 46, and
no signal will be applied to AND gate 41.
Simultaneously with the positive going transi-
tion 46 of the pulse 45 at time t;, the clock 32
produces on line 4 a negative going pulse 47,
having a duration of about 1 second, which is
applied to the inverter amplifier 40 and to the clock
input terminal of the flip-flop 34. The inverter am-
plifier 40 produces a high output which is applied
to the base of the iransistor switch 38, swilching it
on for shorting the resistor 38. Thus, now only
resistor 37 forms a voltage divider with resistor 18
which is connected across the sensor 12. The
value of the resistor 37 is selected to cause a
change in the voltage at the electrode 15 which will
be just in excess of that which would be produced
by an amount of smoke corresponding to 1.5%
obscuration per foot. in other words, the connection
of the resistor 37 alone, together with resistor 18,
across the sensor 12 simuiates an amount of
smoke just in excess of that corresponding to the
minimum permissible sensitivity for the sensor 12.
Accordingly, if the sensifivity of the sensor 12 is in
the desired range, the voltage at the electrode 15
will be elevated above the external reference and
the smoke comparator 22 will produce an output
signal. This does not activate the horn driver 24
because it is still inhibited by the pulse 44. The
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output of the smoke comparator 22 is also applied
to the data terminal of the flip-flop 34. Now the
positive going transition 48 of the puise 47 will
cause the inverted Q output terminal of flip-flop 34
to change state to a logic low level at time % (the
inveried Q output is normally at a logic high level
when the set and reset terminals are at ground
level, the inverse of the Q output described pre-
viously), so as to not affect the output of the OR
gate 42. The inverted Q output will remain at the
logic low level until reset at the next clock pulse
43, about 1 minute later.

If, on the other hand, the sensitivity of the
sensor 12 is too low, no output will be produced
from the smoke comparator 22, so that the data
terminal of the flip-flop 34 remains low. In this
event, when the positive going transition 48 of the
pulse 47 is applied to the clock terminal of the flip-
flop 34 at time 3, the inverted Q output will remain
high, causing the output of the OR gate 42 o go
high and be applied to the AND gate 41. But, as
explained above, since the other input to the AND
gate 41 is low, no output is produced therefrom.

The pulses 44 and 47 both terminate at time ts.
Thus, at this time, the transistor swiiches 36 and 39
are both opened, disconnecting the resisiors 37
and 38 and, simultaneously the inhibit is removed
from the horn driver 24. About 15 ms thereafier, at
time t, two short (preferably about 10 ms) pulses
49, with 10 ms in between are produced on line 5
of the clock 32 and applied to the AND gate 41.
Thus, at this time if the other input of the AND gate
41 is also high as a result of an output from the OR
gate 42, the AND gate 41 will produce two brief
high outputs which are applied through the OR
gate 23 to activate the horn driver 24 and produce
a unique fault indication. Thus, at the fime of the
clock puises 49, if there is a high output from either
the Q terminal of flip-flop 33 (indicating that the
sensitivity of the sensor 12 is.too high), or from the
inverted Q output of the fiip-flop 34 (indicating that
the sensitivity of the sensor is too low), two 10 ms
"beeps” close together wiil be produced to indicate
this condition. it will be appreciated that the se-
quence of pulses indicated in FIG. 1 on lines 1-56 -
are repeated about once each minute. Thus in the
event that the sensor 12 fails either one of the
maximum or minimum sensitivity tests, two short,
closely spaced "beeps”™ close together about once
each minute will be produced to indicate this fault
condition. If both tests are successfully passed,
then there will be no output indication as the Q
output of flip-flop 33 and the inverted Q output of
flip-flop 34 will both be at a logic low level, resuli-
ing in a logic low level at one input of AND gate 41
during puises 49 at the other input of the AND
gate.
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The specific timing indicated in FIG. 1 is mere-
ly exemplary, and is not critical. It will be appre-
ciated that other timing sequences could be utilized
to achieve substantially the same result. If desired,
the circuitry enclosed in the dashed-line 50 could
be an integrated circuit. In that case, the test resis-
tors 37 and 38 could alternatively be connected
external to the integrated circuit for more precise
control, if needed. It will also be appreciated that
the self-test circuit 30 could also be utilized for
testing the sensitivity of other types of combustion
products detectors. In photoelectric detectors, as
an example, the light emitter output or light sensor
input sensitivity or internal reflective surfaces couid
be similarly electronically controlied to simulate
smoke and accom plish similar resuits. While the
preferred embodiment of the invention has been
disclosed with a battery power source, it will be
appreciated that the invention could be used with
combustion products detectors employing other
power sources such as AC, remote power supplies,
etc., and may also be used with any type of
combustion products detector, such as residential,
as described herein, commercial, wherein the
alarm and fault outputs are elecironic signals to a
monitoring system rather than audible annuncia-
tions, etc.

From the foregoing, it can be seen that there -

has been provided an improved apparatus for aufo-
matically self-testing sensitivity of a combustion
products detector at both ends of the desired sen-
sitivity range, the test method accurately simulating
smoke and producing a unique fault output only in
the event of failure of the sensitivity test.

Claims

1. In a combustion products detector (10) hav-
ing a sensor (12) for producing an output signal in
response to the presence of an amount of combus-
tion products in excess of a threshold amount,
wherein the threshold amount varies inversely with
the sensitivity of the sensor, and wherein the de-
sired sensitivity is in a predeiermined range be-
tween minimum and maximum sensitivities, the im-
provement comprising: test means (35-40) for sim-
ulating the presence of combustion products in an
amount slightly less than the amount correspond-
ing to the maximum sensitivity, control means (30)
for actuating said test means, and alarm means
(24) coupled to the sensor and responsive to an
output signal therefrom for producing a fault indica-
tion, whereby a fault indication is produced in re-
sponse to actuation of said test means when the
sensitivity of the sensor exceeds the maximum
sensitivity.
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2. The combustion products detector of claim
1, wherein the sensor (12) is an ionization-type
sensor.

3. The combustion products detector of claim
1, wherein said test means (35-40) inciudes elec-
tronic switch means (36,39).

4. The combustion products detector of claim
1, wherein said conirol means (30) includes means
(32) for automatically periodically actuating said
test means.

5. The combustion products detector of claim
4, and further including manually-operated means
(20) for testing the sensitivity of the sensor.

6. The combustion products detector of claim
1, wherein said control means includes timing
means (32) maintaining said test means actuated
for a predetermined time interval, and means
(33,34) for delaying the production of a fault indica-
tion by said alarm means in response to actuation
of said test means unitil after the expiration of said
predetermined time interval.

7. The combustion products detector of claim
6, wherein said delaying means (53,34) includes
means (44) for inhibiting the operation of said
alarm means during said predetermined time inter-
val.

8. The combustion products detector of claim
1, wherein said test means (30) includes electronic
switch means (36,39), said control means including
timing means (32) for periodically closing said
switch means for a predetermined time interval,
means (33,34) for registering the presence of an
output signal from the sensor during said predeter-
mined time interval, means (44) for inhibiting -the
operation of said alarm means during said pre-
determined time interval, and means (45) coupled
to said registering means and responsive to reg-
istration thereby of an output signal from the sen-
sor for causing said alarm means to produce a fault
indication after the expiration of said predetermined
time period.

9. In a combustion products detector (10) in-
cluding a sensor (12) for producing an output sig-
nal in response to the presence of combustion
products and test means (35-40) for simulating the
presence of combustion products, the improvement
comprising: drive means (32) for operating the test
means, and timing means (32) for automatically
periodcally actuating the drive means.

10. The combustion products detector of claim
9, wherein the sensor is an ionization-type sensor.

11. The combustion products detector of claim
9, wherein the test means is electronically op-
erated.

12. The combustion products detector of claim
9, wherein said drive means (32) and said timing
means (32) are part of an integrated circuit.
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13. In a combustion products detector (10)
having a sensor (12) for producing an output signal
in response {o the presence of an amount of com-
bustion products in excess of a threshold amount,
wherein the threshold amount varies inversely with

- .the sensitivity of the sensor, and wherein the de-

sired sensitivity is in a predsiermined range be-
tween minimum and maximum sensitivities, the im-
provement comprising: test means (35-40) having
first and second operating conditions, said test
means in the first operating condition thereof simu-
lating the presence of a first amount of combustion
products slightly less than the amount correspond-
ing to the maximum sensitivity, said test means in
the second operating condition thereof simulating
the presence of a second amount of combustion
products slightly greater than the amount corre-
sponding to the minimum sensitivity, control means
(32) for operating said test means in the first and
second operating conditions thereof, and alarm
means (24) coupled io the sensor and to said
control means and operative for producing a fault
indication, said control means including means
(33) responsive to an output signal from the sensor
when said test means is in its first operating con-
dition for causing said alarm means o produce a
fault indication, said control means including means
(34) responsive to the absence of an output signai
from the sensor when said test means is in its
second operating condition for causing said alarm
means to produce a fault indication, whereby a
fault indication is produced in response to opera-
tion of said test means when the sensitivity of the
sensor is outside the predetermined range.

14. The combustion products detector of claim
13, wherein said control means includes means for
automatically periodically operating said test
means sequentially in its first and second operating
conditions.

15. The combustion products detector of claim
13, wherein said control means includes means
(32) for operating said test means for a predeter-
mined time interval during which said test means is
operated sequentially in its first and second operat-
ing conditions, and means (44) for delaying the
production of a fault indication by said alarm
means until after the expiration of said predeter-
mined time interval.

16. The combustion products detector of claim
13, wherein said alarm means includes annunciator
means coupled to the sensor and responsive to an
output signal therefrom for producing an alarm
indication, and means (44) for inhibiting the opera-
fion of said annunciator means during said pre-
determined. time interval.

17. The combustion products detector of claim
13, wherein said test means (35-40) includes first
(36) and second (39) electronic switch means, said
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conirol means includes timing means (32) for pe-
riodically operating said test means for a predeter-
mined time interval during which said test means is
sequentially operated in its first and second operat-
ing conditions, first register means (33) responsive
to the existence of an output signal from the sensor
when said test means is operating its first operating
condition for producing a first failure signal, second
register means (34) responsive 1o the absence of
an output signal from the sensor when said test
means is operating in its second operating con-
dition for producing a second failure signal, means
(44) for inhibiting the operation of said alarm
means during said predetermined time interval, and
means (41) responsive to either of said first and
second failure signals for causing said alarm
means to produce a fauit indication after the expira-
tion of said predetermined time interval.
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