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(54) ASPIRATING SMOKE DETECTOR, METHOD AND DEVICE FOR MONITORING AN ASPIRATING 
SMOKE DETECTOR

(57) The invention relates to an aspirating smoke de-
tector (1) comprising a smoke detection unit (8), an as-
piration unit (9) and a sampling pipe (2) having a detec-
tion-side end (2a), a detection-remote end (2b) and sam-
pling holes (3) between the detection-side end (2a) and
the detection-remote end (2b), wherein the aspirating
smoke detector (1) is arranged to suck air through the
sampling holes (3) into the sampling pipe (2) in the di-
rection of the detection-side end (2a) by means of the
aspiration unit (9) and to supply it to the smoke detection
unit (8), comprising a differential pressure sensor ar-
rangement (10) configured to determine at least one dif-
ferential pressure value between a first measuring site
(10a) and a second measuring site (10b), the first meas-
uring site (10a) being inside the sampling pipe (2), and
the second measuring site (10b) being outside of the
sampling pipe (2) or being inside the sampling pipe (2)
and remotely from the first measuring site (10a). The in-
vention further relates to a method of monitoring an as-
pirating smoke detector (1), with determining at least one
differential pressure value by means of a differential pres-
sure sensor arrangement (10), comparing the least one
differential pressure value with a threshold pressure val-
ue, and detecting a fault of the aspirating smoke detector
(1) when the at least one differential pressure value ex-
ceeds the threshold pressure value, or falls below the
pressure value, respectively.



EP 4 451 244 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to an aspirating
smoke detector, a method and a device for monitoring
an aspirating smoke detector.

Background of the invention

[0002] An aspirating smoke detector comprises a sam-
pling pipe system and one or more smoke detection units.
The sampling pipe system has sampling holes (aspiration
openings). An aspirating unit like a fan continuously
draws in air from the monitored area via the sampling
pipe system. Each sampling hole can be regarded as a
single smoke detector. The air samples are permanently
fed to the smoke detection unit where they are analysed
for smoke particles. As a rule, particularly highly sensitive
optical smoke detectors are used as smoke detection
units.
[0003] It may be envisaged that the aspirating smoke
detector also has a monitoring unit that triggers an alarm
or error message if the volumetric air flow through the
detection unit changes, e.g. by +/-20 % or more.
[0004] However, it may happen in practice that in the
event of a sampling pipe break halfway, the monitoring
unit may not register a fault, but several sampling holes
may be "disconnected" from the evaluation unit and fail
to detect fire events. This is because there is insufficient
airflow change due to the break and this cannot be de-
tected by the airflow measurement techniques in the
monitoring unit. The more sampling pipes the sampling
pipe system has, the more sampling holes can be dis-
connected without being noticed.
[0005] EP 0 333 290 A1 shows a monitoring device for
checking faults, such as breach or clogging of an aspi-
ration duct with one or more sampling points of a fire
detection system, which system contains a source of a
reactive agent gas connected to the input end of the duct,
a sensor for this agent and an electronic signal handling
system receiving the output of this sensor in order to de-
tect faults in the duct.

Summary of the invention

[0006] According to the invention, an aspirating smoke
detector, a method and a device for monitoring an aspi-
rating smoke detector with the features of the independ-
ent patent claims are proposed. Advantageous embod-
iments are the subject of the dependent claims and the
following description.
[0007] The invention provides a system that monitors
aspirating smoke detector sampling pipes end to end and
is capable of detecting an open or broken sampling pipe
anywhere along the entire length of the sampling pipe
easily and reliably.
[0008] The aspirating smoke detector comprises a
smoke detection unit, an aspiration unit and a sampling
pipe having a detection-side end, a detection-remote end

and one or more sampling holes between the detection
end and the detection-remote end. The aspirating smoke
detector is arranged to suck air through the sampling
holes into the sampling pipe in the direction of the detec-
tion-side end by means of the aspiration unit and to sup-
ply it to the smoke detection unit.
[0009] The aspirating smoke detector comprises a dif-
ferential pressure sensor arrangement that is configured
to determine at least one differential pressure value be-
tween a first measuring site and a second measuring
site. The first measuring site is inside the sampling pipe,
and the second measuring site is inside the sampling
pipe and remotely from the first measuring site, or is out-
side of the sampling pipe.
[0010] According to the invention, (at least one) differ-
ential pressure value can be used to monitor the aspira-
tion smoke detector by measuring the differential pres-
sure between inside and outside of the sampling pipe
(i.e. second measuring site outside the sampling pipe,
ambient air pressure) or by measuring the differential
pressure between two sites in the sampling pipe (i.e. sec-
ond measuring site inside the sampling pipe).
[0011] Under normal circumstances the aspiration unit
in the aspirating smoke detector creates a negative pres-
sure in the sampling pipe (with respect to ambient air
pressure) which is strongest (most negative) at the de-
tection-side end. The pressure gradually approaches the
ambient air pressure along the sampling pipe toward the
detection-remote end. The negative pressure at the de-
tection-remote end is still easily detectable using stand-
ard air pressure sensors commonly available. Tests have
shown that differential pressures between ambient pres-
sure and the pressure at the detection-remote end are
typically in a range of around 50 - 100 Pa.
[0012] Under a fault condition (open or broken sam-
pling pipe) the differential air pressure between the open
sampling pipe and ambient atmosphere becomes essen-
tially zero upstream of the sampling pipe break. This ap-
plies no matter where the sampling pipe break occurs.
Further to this a stalled aspiration unit or totally blocked
sampling pipe is also detectable by reduced pressure
difference.
[0013] In an embodiment, the first measuring site com-
prises the detection-remote end of the at least one sam-
pling pipe. In this case, the second measuring site may
be outside of the sampling pipe, or may be inside the
sampling pipe downstream the detection-remote end.
The second measuring site may be the detection-side
end of the sampling pipe. As discussed above, differential
pressures between ambient pressure and the pressure
at the detection-remote end are typically in a range of
around 50-100 Pa and can be easily measured. Corre-
spondingly, differential pressures between the pressure
at the detection-remote end and the pressure at the de-
tection-side end as a second measuring site inside the
sampling pipe are typically in a range of around 80 - 140
Pa and can be easily measured, too. Thus, the detection-
remote end is an advantageous first measuring site.
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[0014] Nevertheless, other first measuring sites are
advantageous, too. In an embodiment, the first measur-
ing site is located between the detection-remote end and
the detection-side end of the sampling pipe. Then, the
second measuring site may be outside of the sampling
pipe, or may be inside the sampling pipe downstream
the first measuring site. The first measuring site may be
the detection-side end of the sampling pipe, and the sec-
ond measuring site may be outside of the sampling pipe.
With all these configurations, reliable differential pres-
sure values can be measured.
[0015] Depending on the specific arrangement of the
first and the second measuring sites as discussed above,
the differential pressure may increase or decrease in
case of a pipe fault, as will be aware to the skilled person.
Accordingly, a fault of the aspirating smoke detector may
be detected either when the at least one differential pres-
sure value exceeds the threshold pressure value, or
when the at least one differential pressure value falls be-
low the pressure value. Correspondingly, it may be de-
termined that the aspirating smoke detector is functional
if the at least one differential pressure value does not
exceed the threshold pressure value, or if the at least
one differential pressure does not fall below the pressure
value, respectively.
[0016] In an embodiment, the differential pressure
measurement arrangement can comprise more than one
first measuring sites and/or more than one second meas-
uring sites, the more than one first measuring sites being
arranged along the sampling pipe, and the or more than
one second measuring sites being outside of the sam-
pling pipe or being inside the sampling pipe and remotely
from an associated first measuring site. For each pair of
a first and an associated second measuring site, a dif-
ferential pressure value can be determined. By this, mul-
tiple differential pressure values can be used to monitor
the aspiration smoke detector.
[0017] In an embodiment, the aspirating smoke detec-
tor or the monitoring unit comprises a data communica-
tion device which is set up to connect the differential pres-
sure sensor arrangement to the monitoring unit in a data-
transmitting manner. The data communication device
can comprise radio or cable transmission techniques.
The data communication device can comprise e.g. a Wi-
Fi, near field communication (NFC), Bluetooth, ZigBee,
Z-Wave device etc. The monitoring unit may be com-
prised in the aspiration smoke detector, may be a sepa-
rate device, or may be a node on an addressable system
such as a fire alarm loop.
[0018] In an embodiment, the threshold pressure value
can be preset by a user. The threshold pressure value
(the point at which the pressure difference is set to create
a fault) could be made programmable and therefore be
adjusted to suit the prevailing site conditions. It is envis-
aged that the threshold pressure value can be set up
using an "app" or application on a computing unit, includ-
ing a mobile phone or (tablet) computer. The computing
unit may connect to the monitoring unit by radio or cable

transmission technology, especially as described above.
Alternatively, the threshold value could also be config-
ured manually (i.e. using a DIL switch, rotary switch, mi-
cro-jumpers etc.).
[0019] In an embodiment, the at least one differential
pressure value can be stored over time, e.g. in the mon-
itoring unit or a storage connected to the monitoring unit.
This corresponds to a logbook or data collecting function.
The differential pressure value(s) can be stored period-
ically. It may be envisaged that the stored pressure val-
ues can be downloaded externally, e.g. to an app, or PC
application at a later date to allow a site engineer to view
changes in pressure and hence determine exactly when
a sampling pipe break occurred. This data could also be
used at the site survey stage, to show how the pressure
varied over a period of time and therefore permit a skilled
person to select and program the suitable threshold pres-
sure values. Additionally, the data could be processed
live, or post-processed by suitable machine learning al-
gorithms to provide threshold values that are tailored to
the prevailing site conditions (e.g. changes due to envi-
ronmental conditions, temperature, local pressure
changes etc.).
[0020] A monitoring unit according to the invention is
set up, in particular programmatically, to carry out a meth-
od according to the invention.
[0021] The implementation of a method according to
the invention in the form of a computer program or com-
puter program product with program code for carrying
out all method steps is also advantageous, since this
causes particularly low costs, especially if an executing
control device is still used for further tasks and is therefore
present anyway. Finally, a machine-readable storage
medium is provided with a computer program stored ther-
eon as described above. Suitable storage media or data
carriers for providing the computer program are in par-
ticular magnetic, optical and electrical memories, such
as hard disks, flash memories, EEPROMs, DVDs and
the like. It is also possible to download a programme via
computer networks (internet, intranet, etc.). Such a
download can be wired or wireless (e.g. via a WLAN net-
work, a 3G, 4G, 5G or 6G connection, etc.).
[0022] Further advantages and embodiments of the in-
vention are apparent from the description and the ac-
companying drawing.
[0023] The invention is illustrated schematically by
means of an embodiment the drawing and is described
below with reference to the drawing.

Brief description of the drawings

[0024]

Figure 1 schematically shows the working principle
of an aspirating smoke detector according to an em-
bodiment of the invention.

Figure 2 schematically shows a further embodiment
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of an aspirating smoke detector according to the in-
vention.

Figure 3 schematically shows an embodiment of a
monitoring method of an aspirating smoke detector
according to the invention.

Embodiment(s) of the invention

[0025] Referring to Figures 1 and 2, embodiments of
an aspirating smoke detector, ASD, according to the in-
vention are described in the following.
[0026] The ASD is denoted with reference numeral 1
and comprises one or more sampling pipes 2 (may be a
sampling pipe network) and a central unit 4. The ASD 1
may further comprise an exhaust pipe 5.
[0027] In the illustrated example, the central unit 4 may
comprise a filter 6, a sensing chamber 7 comprising a
smoke detection unit 8, and an aspiration unit 9, e.g. an
aspirator or fan. The smoke detection unit 8 may be a
high sensitivity sensor and is configured to detect smoke
particles suspended in air in the sensing chamber. The
aspiration unit 9 is configured to draw air from the pro-
tected area to the sensing chamber 7. The filter 6 may
remove all large particles that may damage the sensor
within the sensing chamber. The exhaust pipe 5 may
expel the sampled air from the ASD.
[0028] Each sampling pipe 2 has a detection-side end
2a, a detection-remote end 2b and sampling holes 3 be-
tween the detection-side end 2a and the detection-re-
mote end 2b. The sampling holes 3 allow air to be suck
into the sampling pipe 2 and transported to the central
unit 4 by means of the aspiration unit 9. The sampling
pipe network is configured to collect air through the sam-
pling holes 3 and transports it from the protected space
to the central unit 4, where it is tested for the presence
of smoke particulate. The arrows illustrate the air flow
from the time it enters the sampling pipe to the point it is
exhausted out of the ASD.
[0029] The ASD 1 further comprises a differential pres-
sure sensor arrangement 10 that is configured to deter-
mine at least one differential pressure value between a
first measuring site 10a and a second measuring site
10b. In the embodiment of Fig. 1, the differential pressure
sensor arrangement 10 comprises a differential pressure
sensor that is configured to measure the differential pres-
sure between inside and outside of the pipe at the de-
tection-remote end 2b. Thus, the first measuring site 10a
is inside the sampling pipe 2 at the detection-remote end
2b, and the second measuring site 10b is outside of the
sampling pipe 2 at the detection-remote end 2b.
[0030] The ASD further comprises a monitoring unit 11
that is configured to perform an embodiment of the in-
ventive method, as shown in Figure 3. In Figure 1, the
monitoring unit 11 is comprised in the housing of the ASD
1. However, it should be pointed out that the monitoring
unit 11 can also be arranged outside the housing of the
ASD 1 and may be a separate device.

[0031] The ASD comprises a data communication de-
vice which is set up to connect the differential pressure
sensor arrangement 10 to the monitoring unit 11 in a
data-transmitting manner (illustrated by circle seg-
ments). The data communication device can comprise
radio or cable transmission techniques. The data com-
munication device can comprise e.g. a Wi-Fi, near field
communication (NFC), Bluetooth, Zigbee, Zwave device
etc. The data communication device can be comprised
in the housing of the ASD 1 and/or in the monitoring unit
11. The data communication device can also be a sep-
arate device that is connected to the monitoring unit 11.
[0032] The ASD can comprise a single pipe configu-
ration with one pipe connected to the detector and ex-
tending through the entire covered space, as shown in
Fig. 1. Selecting this configuration may result in longer
pipe runs and delay sampled air collection at the detector.
Alternatively, the ASD can comprise a multiple pipe con-
figuration, composed of multiple or branched pipes 3, as
shown in Fig. 2.
[0033] In Fig. 2, various embodiments of the differential
pressure sensor arrangement 10 are illustrated. Accord-
ing to an embodiment, a differential pressure measure-
ment between inside and outside of the pipe at the de-
tection-remote end 2b of the pipe 2 can be performed.
According to a further embodiment, a differential pres-
sure measurement between inside and outside of the
pipe at the detection-side end 2a of the pipe 2 can be
performed (illustrated by dashed line circle). According
to a yet further embodiment, a differential pressure meas-
urement between inside the pipe at the detection-remote
end 2b and inside the pipe at the detection-side end 2a
can be performed.
[0034] Generally, the first and second measuring sites
10a, 10b can be freely distributed along the pipe 3 (illus-
trated by the solid and dashed line circles), wherein the
respective second measuring sites 10b can be inside or
outside the pipe. In case a second measuring site 10b is
outside the pipe, a differential pressure sensor can be
used, and can be mounted in the pipe wall, as shown in
Fig. 1.
[0035] Figure 3 shows a block diagram of an embodi-
ment of the inventive method of monitoring of monitoring
the ASD 1.
[0036] In a step 301, at least one differential pressure
value is determined by means of the differential pressure
sensor arrangement 10.
[0037] In a step 302, the least one differential pressure
value with compared with a threshold pressure value.
The threshold pressure value can be preset by a user.
E.g. the user can input the threshold pressure into the
monitoring device 11 by a human-machine-interface.
Therefore, the threshold pressure value can be adjusted
to suit the prevailing site conditions.
[0038] In a step 303, a fault of the ASD 1 is detected,
when and if the at least one differential pressure value
exceeds the threshold pressure value, or falls below the
pressure value, respectively. Depending on the specific
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arrangement of the first and the second measuring sites
10, 10b as discussed with reference to Figs. 1 and 2, the
differential pressure may increase or decrease in case
of a pipe fault, as will be aware to the skilled person.

Claims

1. An aspirating smoke detector (1) comprising a
smoke detection unit (8), an aspiration unit (9) and
a sampling pipe (2) having a detection-side end (2a),
a detection-remote end (2b) and sampling holes (3)
between the detection-side end (2a) and the detec-
tion-remote end (2b),

wherein the aspirating smoke detector (1) is ar-
ranged to suck air through the sampling holes
(3) into the sampling pipe (2) in the direction of
the detection-side end (2a) by means of the as-
piration unit (9) and to supply it to the smoke
detection unit (8),
comprising a differential pressure sensor ar-
rangement (10) configured to determine at least
one differential pressure value between a first
measuring site (10a) and a second measuring
site (10b), the first measuring site (10a) being
inside the sampling pipe (2), and the second
measuring site (10b) being outside of the sam-
pling pipe (2) or being inside the sampling pipe
(2) and remotely from the first measuring site
(10a).

2. The aspirating smoke detector (1) according to claim
1, wherein the first measuring site (10a) comprises
the detection-remote end (2b) of the sampling pipe
(2).

3. The aspirating smoke detector (1) according to claim
1 or 2, wherein the second measuring site (10b) com-
prises the detection-side end (2a) of the sampling
pipe (2).

4. The aspirating smoke detector (1) according to claim
1, wherein the first measuring site (10a) comprises
the detection-side end (2a) of the sampling pipe (2),
and the second measuring site (10b) is outside of
the sampling pipe (2).

5. The aspirating smoke detector (1) according to any
one of the preceding claims, comprising a data com-
munication device which is set up to connect the dif-
ferential pressure sensor arrangement (10) to a mon-
itoring unit (11) in a data-transmitting manner.

6. A method of monitoring an aspirating smoke detector
(1), especially an aspirating smoke detector (1) ac-
cording to any one of the preceding claims, compris-
ing:

determining (301) at least one differential pres-
sure value by means of a differential pressure
sensor arrangement (10) between a first meas-
uring site (10a) and a second measuring site
(10b), the first measuring site (10a) being inside
a sampling pipe (2) of the aspirating smoke de-
tector (1) and the second measuring site (10b)
being outside of the sampling pipe (2) or being
inside the sampling pipe (2) and remotely from
the first measuring site (10a), comparing (302)
the least one differential pressure value with a
threshold pressure value,
detecting (303) a fault of the aspirating smoke
detector (1) when the at least one differential
pressure value exceeds the threshold pressure
value, or falls below the pressure value, respec-
tively.

7. The method according to claim 6, further comprising:
determining that the aspirating smoke detector (1)
is functional if the at least one differential pressure
value does not exceed the threshold pressure value,
or does not fall below the pressure value, respec-
tively.

8. The method according to claim 6 or 7, further com-
prising:
presetting the threshold pressure value by a user.

9. The method according to any one of claims 6 to 8,
further comprising:
storing the at least one differential pressure value
over time.

10. The monitoring unit (11) of an aspirating smoke de-
tector (1), especially the aspirating smoke detector
(1) according to any one of claims 1 to 5, being ar-
ranged to perform all the steps of a method according
to any one of claims 6 to 9.

11. The aspirating smoke detector (1) according to any
one of claims 1 to 5, comprising the monitoring unit
(11) of claim 10.

12. A computer program that causes the monitoring unit
(11) of claim 10 to perform all method steps of a
method according to any one of claims 6 to 9 when
executed on the monitoring unit (11).

13. A machine-readable storage medium having a com-
puter program stored thereon according to claim 12.
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