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Description

Background of the Invention

[0001] The present invention relates to a hazard de-
tector, and more particularly, in one form to a fire-hazard
detector that includes protection against incorrect instal-
lation, and/or for which in-situ testing is facilitated. In an-
other form, the invention is applicable to a hazard detec-
tor the operation of which can be modified when it is in
atest mode. The invention is applicable to detectors sen-
sitive to other hazards, e.g. (without limitation) toxic gas,
radiation or intruders. The term ’hazard detector’ thus is
to be construed accordingly.

[0002] Conventional fire detectors are normally used
in simple two-wire circuits powered by a battery or other
secure DC supply. When in a stand-by mode, such de-
tectors present a high resistance between the two circuit
wires and draw a negligible current from the battery,
whereas in an alarm mode they introduce a low resist-
ance across the two circuit wires. The high resistance
presented during the stand-by mode normally makes it
impossible during that mode to monitor the presence of
such a detector on a two-wire circuit. Therefore, to ensure
that such fire detectors will operate properly in the alarm
mode, it becomes important to determine that they are
correctly connected, and regular testing is required.
[0003] Some detectors are made insensitive to the po-
larity of the power supply so as to simplify their installation
and avoid problems that occur when a polarity-sensitive
device is installed improperly. One way to make a detec-
tor insensitive to power-supply polarity is to introduce a
diode bridge; this is illustrated in Figure 1. The drawback
with this arrangement is two-fold; it adds cost, and it in-
creases the minimum operating voltage of the detector
significantly due to the voltage drop across the diode
bridge.

[0004] If a diode bridge or another circuit is not intro-
duced to make the detector insensitive to power-supply
polarity, then it becomes necessary to protect the elec-
tronic circuit in the detector against a reverse-polarity
connection in some other way. This is normally achieved
by adding to the detector a diode in parallel with the elec-
tronic circuit of the detector and in reverse polarity across
the power supply when the detector is properly connect-
ed; this is illustrated in Figure 2. If the detector happens
to be connected in a reverse fashion across the power
supply, the diode will also be connected in the wrong
direction, which will resultin a short-circuit being present-
ed to the control panel, indicating a wiring fault. While
this arrangement may be acceptable for many control
panels, there are some panels in which a momentary
reversal of the power supply is used as part of a line-
monitoring system; in such control panels, a short-circuit
caused by polarity reversal is not acceptable.

[0005] An alternative method of protecting the elec-
tronic circuit of a detector against reverse polarity is the
inclusion in the detector of a blocking diode in series with
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the other electronic circuitry of the detector; one embod-
iment of this is illustrated in Figure 3. This method will
operate on all known systems. However, it has the dis-
advantage that an inadvertent reverse connection will
not result in a fault condition being shown at the control
panel. To verify correct connection it is necessary to in-
itiate an alarm condition in the detector, either by using
smoke or other appropriate stimulus or by using a special
test facility. This is inconvenient in that the alarm condi-
tion will be registered by the control panel, which may
cause an audible alarm to sound or other action to be
taken (such as an automatic call to a fire department).
[0006] Document GB 2137790 shows a detector ac-
cording to the preamble of claim 1.

Summary of the Invention

[0007] Itis an object of at least the preferred embodi-
ments of the invention to provide a detector in which at
least some of the foregoing disadvantages are alleviated.
[0008] In one aspect the invention provides a hazard
detector that includes means for detecting a hazardous
condition and for indicating an alarm upon such detec-
tion, and means for modifying the behaviour of the de-
tector during a start-up or test-mode to facilitate commis-
sioning or testing of the detector, the detector further
comprising filtering means for filtering-out transient de-
tections of the hazardous condition during a normal state
of operation, said means for modifying the behaviour
comprising means for disabling the filtering means during
the start-up or test mode.

[0009] The hazardous condition may be a hazardous
smoke level or a hazardous rate of rise in temperature.
In the latter case, the hazardous rate of rise in tempera-
ture may be a rate of temperature rise that is equal to, or
exceeds, approximately five degrees over a period of thir-
ty seconds.

[0010] Preferably, the detector is for connection be-
tween positive and negative power lines, the detector
having a positive terminal and a negative terminal and
being adapted, upon application of power to the power
lines, to emit a local indicator signal if the positive and
negative terminals of the detector have a correct polarity
orientation to the positive and negative lines. More pref-
erably, the detector includes an electronic circuit serially-
connected to a blocking diode, the blocking diode being
connected to either the positive or negative terminal. The
indicator signal may be a light signal, and more prefera-
bly, a flashing light signal with repetitive on/off cycle, and
still more preferably, the period of the on/off cycle is ap-
proximately one second. The flashing light signal may be
produced by a light-emitting diode (LED) that forms part
of the electronic circuit, and may be red-coloured.
[0011] The detector may be in a test mode when it is
emitting the local indicator signal.
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Brief Description of the Drawings

[0012] Preferred features of the present invention will
now be described, by way of example only, with reference
to the accompanying drawings, in which:-

Figure 1 is a schematic illustration of a hazard de-
tector that uses a diode bridge for polarity protection;
Figure 2 is a schematic illustration of a hazard de-
tector that uses a shunt diode for polarity protection;
Figure 3 is a schematic illustration of a hazard de-
tector that uses a series diode for polarity protection;
Figure 4 illustrates a sequence of output operations
of ahazard detector in a first embodiment of the sub-
ject invention;

Figure 5 illustrates a sequence of output operations
of a hazard detector in a second embodiment of the
subject invention;

Figure 6 is a flowchart of the operation of the hazard
detector in a first form of the second embodiment,
the first form being a smoke detector that measures
smoke level; and,

Figure 7 is a flowchart of the operation of the hazard
detectorin a second form of the second embodiment,
the second form being a heat detector that measures
a rate of temperature rise.

Detailed Description of Preferred Embodiments

[0013] The subject invention involves a hazard detec-
tor of the type which uses a series diode for polarity pro-
tection, as previously discussed with respect to Figure
3. However, the two embodiments that are described ad-
ditionally include a light-emitting diode (LED) as well as
a suitably-programmed ROM or EPROM to cause the
LED to perform in a manner to be described.

[0014] Inthe firstembodiment, when a hazard detector
10 of the subjectinventionisinitially connected to a power
supply, current only flows through a detector electronic
circuit 12 (see Figure 3) if the detector 10 is connected
to the power supply in a proper orientation (polarity); if
the detector 10 is connected with reverse orientation, a
series diode 14 prevents current from flowing through
circuit 12. The series diode 14 is shown connected to the
positive terminal of circuit 12, but it could instead be con-
nected to the negative terminal. If the detector 10 is con-
nected with proper orientation, the circuit 12 becomes
powered-up (a "cold start" not involving additional exter-
nal circuitry), and an internal program in a ROM or
EPROM (not shown) of circuit 12 automatically begins
execution of a start-up program. The start-up program
causes a LED (not shown) connected to circuit 12 to flash
on/off for about four minutes at a rate of approximately
once per second. Both the rate and length of the flashing
are adjustable and controlled by a processor or by a sep-
arate timing subcircuit of circuit 12. A person connecting
the detector of the invention to the power supply is im-
mediately able to tell, by observing if the LED is flashing,
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whether the detector is connected with proper orienta-
tion. The LED operation following proper connection is
illustrated in Figure 4.

[0015] After correct installation, the flashing ability of
the detector may be utilized in a further way, namely, to
assist with locating a power-supply wiring fault. If an
open-circuit fault occurs at an unknown location on the
power-supply wiring, the power supply is temporarily dis-
connected. After reconnection, only those detectors that
are located between a control panel and the fault location
will begin to flash. The location of the fault can thereby
be detected without requiring any of the detectors to be
removed or any special test meter to be connected; in
effect, the detectors act together as a test meter.
[0016] A second embodiment, illustrated in Figures 5,
6 and 7, facilitates in-situ testing by removing transient
filtering of input signals during a test mode. Figure 6 in-
dicates a situation where a hazardous condition being
measured relates to smoke level, and Figure 7 indicates
a situation where a hazardous condition being measured
relates to a rate of rise in temperature. In order to reduce
the cost and inconvenience of false alarms, there has
developed a trend towards more complex signal process-
ing of the signals input to hazard detectors. One known
technique is to include signal filtering to reject transient
signals. An unfortunate side effect of such filtering is that
ittends to cause arejection of signals produced by normal
testing tools, making in-situ testing of detectors very dif-
ficult.

[0017] The second embodiment includes the flashing
LED test program for polarity orientation of the first em-
bodiment, but adds an additional program to address the
problem caused by the presence of the complex signal
processing mentioned above. The additional program
disables or bypasses those parts of operating algorithms
that function as the filters for reducing false alarms; the
basic sensitivity of the detector is not affected by such
disabling of the filter. The test mode in the second em-
bodiment is initiated by disconnecting the detector from
the power supply. This can be performed from the control
panel for all detectors of the system by using the panel’s
reset facility, or alternatively, each detector can be briefly
individually disconnected from, and reconnected to, the
power supply.

[0018] Most use for the test mode of the second em-
bodiment would come with control panels that include
what is termed in the field a special "walk test" mode.
When set to the "walk test" mode, the controller allows
an engineer to trigger an alarm on a detector by, for ex-
ample, using artificial smoke or a rapid rise in tempera-
ture, and to then see from the permanently-lit alarm LED
that the control panel has accepted the alarm. After the
alarm has been activated, the control panel automatically
resets the detector by briefly interrupting the power sup-
ply to the zone in which the alarm is situated. Each reset
process simultaneously performs a cold start on all of the
detectors in the zone, thereby maintaining them in the
test state. At the completion of testing, the control panel
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is returned to normal operation and after completing its
start-up program, the internal processor in each detector
operates that detector in its normal monitoring state, i.e.
the LED no longer flashes, the transient filtering has been
enabled, and the detector is alert to its selected hazard.
[0019] It will be appreciated that if preferred the detec-
tor can incorporate the filtering-disablement feature with-
out the flashing LED. For example, the filtering could be
disabled by a switch manually operated by a mainte-
nance technician when in-situ testing is required.
[0020] Although it is known for some conventional de-
tectors to utilize a LED on a flash cycle, those LEDs op-
erate continuously as long as the power supply is con-
nected; they are not used, as in the subject invention, to
indicate that a detector has been connected with proper
orientation to a power supply. At least in Germany, the
type of detector LED that continues to display a flashing
signal as long as power is connected must not be col-
oured red. However, use of red-coloured LEDs are al-
lowed if their flashing corresponds to a "special mode of
operation"; the temporary flashing during the start-up of
the detector of this invention qualifies as such a special
mode.

[0021] The detection of rate of rise of temperature, as
illustrated in Figure 7, is an advance on the detection of
a pre-set limit for temperature ('fixed temperature’ detec-
tion). Measurement of the rate of rise of temperature may
result in an alarm being signalled before a pre-set tem-
perature has been reached, thus providing an earlier
warning of a serious fire condition than fixed temperature
detection. Fixed-temperature detectors are used in en-
vironments in which in which rapid changes in tempera-
ture are normal. Such applications include kitchens and
boiler rooms. Fixed-temperature detectors often have
pre-set alarm temperatures of 100°C or more. Such de-
tectors can be very difficult to test because their sensing
elements must be heated to above their alarm tempera-
ture before any response occurs. The energy input re-
quired for such testing is difficult to achieve with a port-
able in-situ tester.

[0022] In the arrangement illustrated in Figure 7 the
detector runs a special test algorithm during the start-up
period. This algorithm causes the detector to signal an
alarm if an abnormal rate of temperature rise is sensed,
regardless of the absolute temperature. For example, a
rate of temperature rise that is equal to, or exceeds, ap-
proximately 5 degrees Centigrade over a period of 30
seconds might be used. Such a rate of temperature rise
is unlikely to be caused by normal ambient variations
occurring during the start-up period but can safely be
used as an indication that the detector is operating cor-
rectly.

[0023] Whilethe presentinvention has been described
in its preferred embodiments, it is to be understood that
the words which have been used are words of description
rather than limitation, and that changes may be made to
the invention without departing from its scope as defined
by the appended claims.
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[0024] The text of the abstract filed herewith is repeat-
ed here as part of the specification.

[0025] A hazard detector has an electronic circuit with
a start-up program for causing emission of a local indi-
catorsignal, such as aflashing signal froma LED, if power
and ground terminals of the detector are connected with
proper orientation, i.e. polarity, to power and ground lines
of a power supply. Through this means, a person install-
ing the hazard detector can tell immediately after con-
nection if the detector has been connected with proper
orientation, and avoids the need for introducing a hazard
such as heat or smoke to test the operation of the detec-
tor. A variation uses a more sophisticated program that
disables, during a test mode, complex filtering algorithms
that are used by detectors to block false alarm signals;
if such filtering is not disabled, it impedes normal testing
of the detectors.

Claims

1. A hazard detector comprising means for detecting a
hazardous condition and forindicating an alarm upon
such detection, and means for modifying the behav-
iour of the detector during a start-up or test-mode to
facilitate commissioning or testing of the detector,
characterised in that the detector further compris-
es filtering means for filtering-out transient detec-
tions of the hazardous condition during a normal
state of operation, said means for modifying the be-
haviour comprising means for disabling the filtering
means during the start-up or test mode.

2. The detector of claim 1, wherein the hazardous con-
dition is a hazardous smoke level.

3. The detector of claim 1, wherein the hazardous con-
dition is a hazardous rate of rise in temperature.

4. The detector of claim 3, wherein the hazardous rate
of rise in temperature is a rate of temperature rise
that is equal to, or exceeds, approximately five de-
grees over a period of thirty seconds.

5. The detector of any of claims 1 to 4, being for con-
nection between positive and negative power lines,
the detector having a positive terminal and a nega-
tive terminal and being adapted, upon application of
power to the power lines, to emit a local indicator
signal if the positive and negative terminals of the
detector have a correct polarity orientation to the
positive and negative lines.

6. The detector of claim 5, comprising an electronic cir-
cuit serially-connected to a blocking diode, the block-
ing diode being connected to either the positive or
negative terminal.



10.

1.

12,

7 EP 1 579 402 B9 8

The detector of claim 5 or 6, wherein the indicator
signal is a light signal.

The detector of claim 7, wherein the indicator signal
is a flashing light signal with repetitive on/off cycle.

The detector of claim 8, wherein the period of the
on/off cycle is approximately one second.

The detector of claim 8 or 9, wherein the flashing
light signal is produced by a light-emitting diode
(LED) that forms part of the electronic circuit.

The detector of claim 10, wherein the LED is red-
coloured.

The detector of any of claims 5 to 11, wherein the
detector is in a test mode when it is emitting the local
indicator signal.

Patentanspriiche

1.

Ein Gefahrendetektor, aufweisend Mittel zur Erken-
nung eines Gefahrenzustands und zur Anzeige ei-
nes Alarms bei einer derartigen Erkennung und Mit-
tel zum Modifizieren des Verhaltens des Detektors
wéahrend eines Hochfahr- oder Testmodus, um In-
betriebnahme oder Testen des Detektors zu erleich-
tern, dadurch gekennzeichnet, dass der Detektor
weiterhin Filtermittel zum Herausfiltern von schwin-
genden Erkennungen des Gefahrenzustands wah-
rend eines normalen Betriebszustands aufweist, wo-
bei die Mittel zum Modifzieren des Verhaltens Mittel
zum Sperren der Filtermittel wahrend des Hochfah-
rens oder Testmodus aufweisen.

Der Detektor nach Anspruch 1, wobei der Gefahren-
zustand eine gefahrliche Rauchentwicklung ist.

Der Detektor nach Anspruch 1, wobei der Gefahren-
zustand eine gefahrliche Temperaturanstiegsrate
ist.

Der Detektor nach Anspruch 3, wobei die gefahrliche
Temperaturanstiegsrate eine Temperaturanstiegs-
rate ist, die gleich oder mehr als annahernd fiinf Grad
in einer Zeitdauer von 30 Sekunden betragt.

Der Detektor nach einem der Anspriiche 1 bis 4, fir
eine Verbindung zwischen positiven und negativen
Versorgungsleitungen, wobei der Detektor einen po-
sitiven Anschluss und einen negativen Anschluss
hat und bei Anlegen von Energie an die Versor-
gungsleitungen ein lokales Anzeigesignal auszuge-
ben vermag, wenn die positiven und negativen An-
schlliisse des Detektors eine korrekte Polaritatsaus-
richtung zu den positiven und negativen Leitungen
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10.

11.

12.

haben.

Der Detektor nach Anspruch 5, aufweisend einen
elektronischen Schaltkreis, der in Serienverbindung
zueiner Sperrdiode ist, wobei die Sperrdiode mitent-
weder dem positiven oder dem negativen Anschluss
verbunden ist.

Der Detektor nach Anspruch 5 oder 6, wobei das
Anzeigesignal ein Lichtsignal ist.

Der Detektor nach Anspruch 7, wobei das Anzeige-
signal ein blinkendes Lichtsignal mit einem sich wie-
derholenden Ein-/Aus-Zyklus ist.

Der Detektor nach Anspruch 8, wobei die Dauer des
Ein-/Aus-Zyklus annahernd eine Sekunde betragt.

Der Detektor nach Anspruch 9, wobei das Blinklicht-
signal durch eine lichtemittierende Diode (LED) er-
zeugt wird, die Teil des elektronischen Schaltkreises
ist.

Der Detektor nach Anspruch 10, wobei die LED rot
ist.

Der Detektor nach einem der Anspriche 5 bis 11,
wobei der Detektor in einem Testmodus ist, wenn er
das lokale Anzeigesignal ausgibt.

Revendications

Détecteur de danger comprenant un moyen destiné
a détecter une condition de danger et a indiquer une
alarme dans le cas de ladite détection, et un moyen
destiné a modifier le comportement du détecteur
pendant un démarrage ou un mode de test pour fa-
ciliter la mise en service ou le test du détecteur, ca-
ractérisé en ce que le détecteur comprend égale-
ment un moyen de filtrage destiné a filtrer les détec-
tions transitoires de la condition de danger pendant
un état de fonctionnement normal, ledit moyen des-
tiné a modifier le comportement comprenant un
moyen destiné a désactiver le moyen de filtrage pen-
dant le démarrage ou le mode de test.

Détecteur selon la revendication 1, dans lequel la
condition de danger est un niveau de fumée dange-
reuse.

Détecteur selon la revendication 1, dans lequel la
condition de danger est un taux dangereux de mon-
tée de la température.

Détecteur selon la revendication 3, dans lequel le
taux dangereux de montée de la température est un
taux d’augmentation de la température égal a, ou
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supérieur a, environ cing degrés sur une durée de
trente secondes.

Détecteur selon I'une quelconque des revendica-
tions 1 a4, destiné au raccordement entre des lignes
électriques positive et négative, ledit détecteur com-
prenant une borne positive et une borne négative et
étant adapté, a I'application de I'électricité dans les
lignes électriques, pour émettre un signal d’indica-
tion local si les bornes positive et négative du détec-
teur ont une orientation de polarité correcte par rap-
port aux lignes positive et négative.

Détecteur selon la revendication 5, comprenant un
circuit électronique raccordé en série a une diode de
blocage, ladite diode de blocage étant raccordée a
la borne positive ou a la borne négative.

Détecteur selon la revendication 5 ou 6, dans lequel
le signal d’indication est un signal lumineux.

Détecteur selon la revendication 7, dans lequel le
signal d’'indication est un signal lumineux clignotant
avec un cycle de marche/arrét respectif.

Détecteur selon la revendication 8, dans lequel la
durée du cycle de marche/arrét est d’environ une
seconde.

Détecteur selon la revendication 8 ou la revendica-
tion 9, dans lequel le signal lumineux clignotant est
produit par une diode électroluminescente (LED) qui
fait partie du circuit électronique.

Détecteur selon la revendication 10, dans lequel la
LED est de couleur rouge.

Détecteur selon 'une quelconque des revendica-
tions 5 a 11, dans lequel le détecteur est dans un
mode de test quand il émet le signal d’indication lo-
cal.

10

15

20

25

30

35

40

45

50

55

10



EP 1 579 402 B9 (W1B1)

o O

£
o
A
- .
=2 2 Detector Plug-in
= electronic | |~ detector
25 circuit
2 £
C
O
N 8 T2

Fig 1 Polarity protection using diode bridge

£ L 1

£ .
o p Detector Plug-in
< 8 electronic = detector
25 circuit

g E

o

N S .

?

" Fig 2 Polarity protection using shunt diode

O..
-

£ 1 1 ’g L+

g A ~

o2 Detector Plug-in
£ 14 electronic | [~ detector
25 circuit

O =

c e 12

o5 .

N O _

Fig 3 Polarity protection using series diode



EP 1 579 402 B9 (W1B1)

Normal operation - no flashing LED

LED
flashing
correct
operation

auoz uo abeyop

Time
Fig 4 Flashing LED on power-up

feued jo4u0o Aq 19531 ayeWONY

(No flashing LED; normal

Normal operation
response time.)

(esuodsau ise) pue
Q31 Buwysey) spow jsa

.

e

19} (wueye) 10}99)8(] ———» |

18ued j04u09 Aq jasa1 oewoNY

1S9} (UuBe) J0)99)8Q ——— f .

|oued jouod Aq jasay onewoiny

153} (wueie) 40j9319(g —————p ]

(asuodsal jse} pue

Q31 buiysey) apow 158§

—

(ssuodsai jsey pue
Q31 buiysey) apow jsa)

—

(asuodsa. jsey pue
Q31 buiysey) apow 1sa).

auoz uo abejjop

Time

Fig 5 Special test mode on power-up



EP 1 579 402 B9 (W1B1)

Fig 6
" Flowchart of smoke detector operation from cold start or reset
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