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Description

Technical field of the Invention

[0001] The present invention relates to an innovative
system for pressurizing a predetermined environment in
order to limit the spread of smoke in the event of a fire.
In particular, the system object of the present invention
is capable of preventing the smoke released during a fire
from invading areas considered protected, such as for
example stairwells.

Background art

[0002] As is known, and in a nutshell, pressurization
systems for stairwells are one of the most advantageous
solutions for facilitating escape in the event of a fire. In-
deed, in the event of a fire in a building, the smoke re-
leased by combustion represents a serious danger not
only for people fleeing to a safe place but also for rescue
teams. From this point of view, pressurization systems
are extremely important for active protection in the event
of fire: they favor the outflow of the occupants, they rep-
resent additional protection for rescuers against combus-
tion products, even at high temperatures, they guarantee
clear visibility and facilitate the identification of the fire
source. From this point of view, pressurization systems
have become a valid option for guaranteeing adequate
safety conditions in multi-store buildings, being able to
maintain sustainable conditions in protected spaces,
such as escape routes, access routes for the fire brigade
intervention teams, lobbies, stairways and other areas
that need to be kept smoke-free.
[0003] Currently the UNI EN 12101-6: 2005 standard
defines the specifications of these systems based on the
type of control to be carried out and according to the fire
safety objectives established in the general design of the
building. The standard takes into consideration different
classes of the pressurization system based on the struc-
ture, the intended use and the subdivision characteristics
of the building, which are subordinate to the objective to
be achieved (protection from exodus or the intervention
of the fire brigade fire) and the type of exodus envisaged
(protection in place, simultaneous or phased exodus).
[0004] Pressurization systems for stairwells are known
in the state of the art, such systems in accordance with
the UNI EN 12101-6: 2005 standard, however they
present criticalities due to the possible malfunctioning of
the components of the system itself. EP3542870A2
shows a pressurisation system for a stairwell according
to the preamble of claim 1.
[0005] Infact, the known pressurization systems for
stairwells cannot be completely reliable, in terms of
speed and stability in the intervention.
[0006] This is due to the fact that the systems com-
monly used for the pressurization of environments, in par-
ticular stairwells, often do not have calibrated, highly ac-
curate and highly reliable adjustment elements, which

allow the situations present to be reconciled quickly and
stably in case of fire.
[0007] Therefore, there is a need to create an innova-
tive, extremely reliable stairwell pressurization system to
limit the spread of smoke in the event of a fire.

Summary of the Invention

[0008] The present invention has the objective of real-
izing an extremely efficient stairwell pressurization sys-
tem capable of reducing the risks due to a fire as much
as possible. This objective, which is the main object of
the present invention, is achieved by optimizing the reg-
ulating elements of the system, their calibration, precision
and above all their reliability.
[0009] This is why the main components of the pres-
surization system object of the present invention have
been engineered with functional safety components cer-
tified as "Safety Integrity Level" 2 (SIL2) according to the
IEC 61508 standard. The safety integrity levels (SIL) are
defined as a quantitative measure of risk reduction, the
meaning of SIL can therefore be traced back to the meas-
ure that indicates the degree of reliability that a safety
system must achieve in order to reduce the risk of an
accident during its use. The safety integrity level (SIL) is
a number indicating the value of the probability that a
system correctly performs an instrumental safety func-
tion within a pre-established period of time, i.e. it is the
quantification of the reliability (or degree of reliability)
achieved by any object that performs a safety-related
function. The greater its reliability, the greater its ability
to perform critical functions for the safety or for the avail-
ability of machines or systems.
[0010] The SIL is assigned to each individual inde-
pendent safety function (SIF), implemented by one or
more Safety Instrumented Systems (SIS).
[0011] The main components of the system, object of
the present invention, are therefore designed to comply
with the SIL2 level. This level of security is therefore able
to ensure that the system continues to operate with higher
availability than traditional systems currently on the mar-
ket.
[0012] Therefore, the pressurization system of a stair-
well object of the present invention is configured to be
extremely safe and reliable, by means of a suitable com-
bination of equally reliable and redundant components,
as specified in the attached independent system claim.
[0013] Advantageously an analysis of the reliability of
the system and the certification of its components in ac-
cordance with the IEC 61508 has been performed, being
internationally recognized to guarantee and demonstrate
the level of reliability of a device, system or installation
having safety implications, i.e. with risks for man, the en-
vironment, things.
[0014] Further preferred and/or particularly advanta-
geous embodiments of the invention are described ac-
cording to the characteristics set out in the attached de-
pendent claims.
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Brief Description of the Drawings

[0015] The invention will now be described with refer-
ence to the attached drawings, which illustrate some non-
limiting examples of embodiment, in which:

- figure 1 illustrates a scheme of the pressurization
system of a stairwell, according to the present inven-
tion;

- figure 2 illustrates a detail of the system of Fig. 1, in
a front view,

- figure 3 illustrates the system of Fig. 1, equipped with
a channel for the extraction of hot fumes.

Detailed Description

[0016] With reference to Figures 1 and 2, they sche-
matically illustrate a pressurization system 100 of a stair-
well to limit the spread of smoke, in the event of a fire, in
this area, according to an embodiment of the present
invention. The pressurization of the stairwell is achieved
by introducing fresh air and thus providing a positive pres-
sure differential which prevents smoke from entering the
protected area.
[0017] The system 100 comprises: a ventilating casing
1 for the introduction of air from the external environment,
positioned above the building and in correspondence
with the stairwell which must be pressurized, a duct 2
preferably made of sheet metal, connected to the venti-
lating casing 1, having an external portion 2’ for the supply
of air comprising at least one smoke sensor 20 and an
internal portion 2" for the delivery of air passing through
an internal wall of the stairwell and covering its entire
height, at least one high precision pressure sensor 4.
[0018] Advantageously, the pressure sensors 4 are
three in number and are positioned on different floors of
the stairwell. In the non-limiting example in Figure 1, the
three pressure sensors 4 are positioned on the second,
sixth and top floor of the stairwell. In a further example
illustrated in Figure 2, these pressure sensors 4 are in a
closer position and in any case on nonconsecutive planes
of the stairwell.
[0019] The internal portion 2" of the duct 2 has an ad-
justable outlet 3 on each floor. A programmable logic
controller (PLC), inserted in the control panel 5 positioned
in a safe area, is electrically connected to the ventilating
casing 1, to the pressure sensors 4, to at least one smoke
sensor 20 of the system 100. A manual control panel 6
is positioned on the ground floor of the stairwell, so as to
be usable by the emergency teams in manual mode
(start/stop system with key selector and push-button pan-
el for firefighters).
[0020] The ventilating casing 1 comprises a plurality
of fans 10 with electronically commutated (EC) motors.
[0021] Advantageously, each fan 10 is equipped with
an inverter on the motor, for the regulation of the flow
rate/speed, this allows to avoid the insertion of the invert-
ers necessary for the standard fans in the control panel

5 (reducing spaces and costs).
[0022] The control panel 5 of the system manages the
alarms, the start-up and/or regulation of the ventilating
box 1, and includes:

- a battery power supply unit, certified EN12101-10,
to guarantee power supply to the control equipment
in the event of a failure in the electrical network;

- a safety PLC (SIL2), for the control and command
of the EC motors on the plurality of fans 10 positioned
in the ventilating casing 1;

- motor protection switches and power contactors for
the plurality of fans 10 located in the ventilating cas-
ing 1;

- an interface with a building management system
(BMS) with the possibility of remote teleassistance
and automatically programmed function tests as re-
quired by current legislation.

[0023] Advantageously, the flow rate of the ventilating
casing 1 for introducing air into the stairwell is defined by
a regulatory calculation and the air can be introduced
alternatively either from the bottom or from the top of the
stairwell.
[0024] The ventilating casing 1 object of the present
system comprises a plurality of fans 10 so that the air
flow reaches the required flow rate and is characterized
by a redundancy in the number of such fans 10, in order
to be of the SIL2 type. In fact, the EN12101-6 and
prEN12101-13 standards establish that such systems
have an additional ventilating casing as a backup, pre-
cisely because there is a need for absolute certainty that
the system can always operate in the event of a fire. In
the case of the present invention, the presence of an
additional ventilating casing is not necessary since the
plurality of fans 10 causes the ventilating casing 1 to as-
sume a SIL2 reliability, demonstrated by the relative cal-
culation.
[0025] Advantageously, the ventilating casing 1 has,
for example, a flow rate equal to 30,000 m3/h given by
the presence of two fans 10 and a further additional fan
10 in redundancy. Advantageously, in the event of a mal-
function or breakdown of one of the two fans 10 of the
ventilating casing 1, in order to continue to obtain the
correct flow rate, the further fan 10 automatically takes
over which guarantees the redundancy function.
[0026] Furthermore, the adjustable vents 3 positioned
on the various floors of the stairwell also ensure an ad-
equate flow rate and correct balancing of the system, for
example according to what is described in the Applicant’s
Italian patent No. 102019000020868.
[0027] The pressure sensors 4, the system manage-
ment control panel 5 and the fan box have SIL2 reliability.
This, as already said, allows to guarantee the maximum
reliability of the system. This reliability is given by the fact
that, in addition to the plant modifications described
above, the calculation was carried out according to the
series of standards EN 61508 (Functional safety of Elec-
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tric/Electronic/Programmable Electronic systems) which
demonstrates the reliability of the system object of the
present invention as SIL2.
[0028] In fact, the legislation prescribes the methods
for determining the PFD ("Probability of Failure on De-
mand") or PFH ("Probability of Failure per Hour"), or the
SIL, or the definition of the reliability of components,
equipment and systems used in safety applications.
[0029] The safety systems considered are generally
made up of:

- sensors and transducers (pressure sensors 4),
- "Logic Solver" (with any safety software - PLC 5),
- final elements (actuators / drives of the safety func-

tion - fan).

[0030] The PFD (or PFH) value represents the proba-
bility that a device or system is unable to provide the
required safety function: this probability corresponds to
a SIL level, which is an integer number (from a minimum
of 1 to a maximum of 4) to express the safety integrity
level of the safety device/system in question. The anal-
ysis of the reliability of an installation and the certification
of its components in accordance with IEC 61508 is there-
fore an effective and internationally accepted method to
guarantee and demonstrate the level of reliability of a
device, system or installation with safety implications, i.e.
with risks for man, the environment, things.
[0031] Advantageously, the control panel 5 ensures
that the desired pressure value is maintained in the stair-
well. Through the control panel 5 the pressure is con-
stantly measured through the pressure sensors 4 in real
time and compared with a set-point value.
[0032] The operating speed of the fan 1 is therefore
managed by the control panel 5 in order to have a precise
introduction of air into the stairwell. In fact, excessively
high pressures could make it difficult to open the doors,
it is therefore essential that the speed of the air passing
through an opening must be between 0.75m/s and 2m/s.
[0033] For buildings with a height of less than 11 m, a
single air intake point is allowed in the pressurized area;
for taller buildings it will be necessary to insert an air entry
point at least every three floors, for example by using
diffusers and an air duct along the entire staircase.
[0034] Advantageously, as illustrated in Figure 3, a
possible duct 7 can be installed for the extraction of hot
fumes, downstream of which there is at least one suction
fan 8, the duct is directly connected to the external envi-
ronment. In this way the pressurization of the stairwell
which prevents the fumes from penetrating inside it is
further assisted by the hot fume extraction duct 7 to the
full benefit of the safety of the system.
[0035] The correct functioning of the pressurization
system 100 also depends on the regulation of the system.
It is essential that the system 100 includes calibrated
adjustment elements, such as the adjustable vents 3,
with high precision and reliability, which allow the present
situations to be reconciled quickly and stably in the event

of a fire. It is for this reason that the pressurization system
object of the present invention includes components with
high functional safety, certified SIL2.
[0036] Advantageously, the control panel 5, in addition
to satisfying the most stringent certification requirements,
simplifies the installer’s work.
[0037] In addition to the embodiment of the invention,
as described above, it is to be understood that numerous
other variants exist. It is also to be understood that such
embodiments are exemplary only and limit neither the
scope of the invention, nor its applications, nor its possi-
ble configurations. On the contrary, although the above
description allows the skilled person to carry out the
present invention at least according to an exemplary em-
bodiment thereof, it must be understood that many var-
iants of the components described are possible, without
thereby departing from the scope of the invention as de-
fined in the attached claims.

Claims

1. Pressurization system (100) for a stairwell compris-
ing a ventilating casing (1) for supplying air from the
external environment provided with a duct (2) con-
nected to the ventilating casing (1), having an exter-
nal portion (2’) for supplying air comprising at least
one smoke sensor (20) and an internal portion (2")
for supplying air through an internal wall of the stair-
well, a pressure sensor (4), a control panel (5) elec-
trically connected to the ventilating casing (1), the
pressure sensor (4), the at least one smoke sensor
(20) and a manual control panel (6),

whereby the control panel (5) comprises

- a programmable logic controller for the
control and command of electronically com-
mutated motors of the plurality of fans (10)
positioned in the ventilating casing (1);

said system (100) being characterised by the
fact that the system (100) comprises at least
three pressure sensors (4), to which the control
panel (5) is electrically connected, and by the
fact that the control panel (5) in turn comprises

- a battery power supply unit
- corresponding motor protectors and power
contactors for the plurality of fans (10) po-
sitioned in the ventilating casing (1);
- an interface with a building management
system,

and by the fact that
the ventilating casing (1) comprises one or more
additional fans (10) providing the redundancy
function.
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2. System (100) according to claim 1, wherein the ven-
tilating casing (1) is positioned above the building
and in correspondence with the stairwell to be pres-
surized.

3. System (100) according to claim 1 or 2, wherein the
pressure sensors (4) are two in number and are po-
sitioned on different floors of the stairwell.

4. System (100) according to any one of claims 1 to 3,
wherein the inner portion (2") of the ducting (2) com-
prises an adjustable vent (3) at each floor of the stair-
well.

5. System (100) according to any one of the preceding
claims characterised in that it comprises a duct (7)
for extracting hot fumes, downstream of which there
is at least one suction fan (8).

Patentansprüche

1. Druckbeaufschlagungssystem (100) für ein Trep-
penhaus, umfassend ein Lüftungsgehäuse (1) zur
Zufuhr von Luft aus der Außenumgebung, das mit
einem Kanal (2) versehen ist, der mit dem Lüftungs-
gehäuse (1) verbunden ist, mit einem äußeren Teil
(2’) zur Zufuhr von Luft, der mindestens einen
Rauchsensor (20) umfasst, und einem inneren Teil
(2") zur Zufuhr von Luft durch eine Innenwand des
Treppenhauses, einem Drucksensor (4), einem Be-
dienfeld (5), das elektrisch mit dem Lüftungsgehäu-
se (1) verbunden ist, dem Drucksensor (4), dem min-
destens einen Rauchsensor (20) und einem manu-
ellen Bedienfeld (6), wobei das Bedienfeld (5) eine
speicherprogrammierbare Steuerung zur Steuerung
und Steuerung elektronisch kommutierter Motoren
der Vielzahl von Ventilatoren (10) umfasst, die in
dem Lüftungsgehäuse (1) angeordnet sind; wobei
das System (100) dadurch gekennzeichnet ist,
dass das System (100) mindestens drei Drucksen-
sor (4) umfasst, mit denen das Bedienfeld (5) elek-
trisch verbunden ist, und dadurch, dass das Bedien-
feld (5) wiederum umfasst

- eine Batteriestromversorgungseinheit
- entsprechende Motorschutzschalter und Leis-
tungsschütze für die Vielzahl von Lüftern (10),
die im Lüftungsgehäuse (1) angeordnet sind;
- eine Schnittstelle zu einem Gebäudemanage-
mentsystem,

und dadurch, dass
das Lüftungsgehäuse (1) einen oder mehrere zu-
sätzliche Lüfter (10) umfasst, die die Redundanz-
funktion bereitstellen.

2. System (100) nach Anspruch 1, wobei das Lüftungs-

gehäuse (1) über dem Gebäude und in Übereinstim-
mung mit dem zu druckbeaufschlagenden Treppen-
haus positioniert ist.

3. System (100) nach Anspruch 1 oder 2, wobei die
Drucksensor (4) zwei an der Zahl sind und auf ver-
schiedenen Etagen des Treppenhauses positioniert
sind.

4. System (100) nach einem der Ansprüche 1 bis 3,
wobei der innere Teil (2") der Kanal (2) eine einstell-
bare Entlüftung (3) auf jeder Etage des Treppenhau-
ses umfasst.

5. System (100) nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass es einen
Kanal (7) zum Absaugen heißer Dämpfe umfasst,
hinter dem sich mindestens ein Saugventilator (8)
befindet.

Revendications

1. Système de pressurisation (100) pour cage d’esca-
lier comprenant un caisson de ventilation (1) pour
amener de l’air du milieu extérieur muni d’un conduit
(2) relié au caisson de ventilation (1), présentant une
partie externe (2’) pour amener air comprenant au
moins un capteur de fumée (20) et une partie interne
(2") pour amener de l’air à travers une paroi interne
de la cage d’escalier, un capteur de pression (4), un
panneau de commande (5) connecté électriquement
au caisson de ventilation (1 ), le capteur de pression
(4), le au moins un capteur de fumée (20) et un pan-
neau de commande manuel (6), le panneau de com-
mande (5) comprenant

un contrôleur logique programmable pour le
contrôle et la commande des moteurs à com-
mutation électronique de la pluralité de ventila-
teurs (10) positionnés dans le boîtier de venti-
lation (1); ledit système (100) étant caractérisé
par le fait que le système (100) comprend au
moins trois capteurs de pression (4), auxquels
le panneau de commande (5) est connecté élec-
triquement, et par le fait que le panneau de
commande (5) en le tour comprend

- un bloc d’alimentation par batterie,
- des protecteurs de moteur et des contac-
teurs de puissance correspondants pour la
pluralité de ventilateurs (10) positionnés
dans le caisson de ventilation (1);
- une interface avec un système de gestion
technique du bâtiment,

et par le fait que
le caisson de ventilation (1) comprend un ou plu-
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sieurs ventilateurs supplémentaires (10) assu-
rant la fonction de redondance.

2. Système (100) selon la revendication 1, dans lequel
le caisson de ventilation (1) est positionné au-dessus
du bâtiment et en correspondance avec la cage d’es-
calier à pressuriser.

3. Système (100) selon la revendication 1 ou 2, dans
lequel les capteurs de pression (4) sont au nombre
de deux et sont positionnés à des étages différents
de la cage d’escalier.

4. Système (100) selon l’une quelconque des revendi-
cations 1 à 3, dans lequel la partie interne (2") du
conduit (2) comprend un évent réglable (3) à chaque
étage de la cage d’escalier.

5. Système (100) selon l’une quelconque des revendi-
cations précédentes, caractérisé en ce qu’il com-
prend un conduit (7) d’extraction des fumées chau-
des, en aval duquel se trouve au moins un ventilateur
aspirant (8).

9 10 
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