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(57) The object of the invention is a system for con-
trolling a fan insufflating air into a protected space, es-
pecially in fire ventilation for the protection of escape
routes, comprising a controller equipped with a processor
with a high computational power and a memory, de-
signed and configured to control the said fan by setting
frequency U of the inverter controlling the motor of said
fan and connected to this inverter, and in addition con-
nected to a pressure sensor for measuring pressure dif-
ference P between the protected space and a reference
pressure, characterised in that the said controller is con-
figured and programmed to perform the following steps:
a) registering, in the memory of the controller, parameters
of the fan, determined in time;
b) registering, in the memory of the controller, parameters

of the protected space, variable in time;
c) determining the value of parameter a(k) at current mo-
ment k as a function of a(k)=P(k)/U2(k);
d) determining the value of control U(k+1) at a subse-
quent moment of time k+1, by solving the task of non-
linear optimisation by means of an iterative method, the
feasible point of the iterative method being assumed as
Ustart(k+1)=Sqrt(P(k)/a(k));
e) setting the so determined value of control U(k+1) as
a frequency of the inverter controlling the fan motor.

The object of the invention is also a method for con-
trolling a fan insufflating air into a protected space, es-
pecially in fire ventilation for the protection of escape
routes.
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Description

[0001] The invention relates to an active system and
method for controlling a fan insufflating air into a protect-
ed space, especially in fire ventilation for the protection
of escape routes, by differentiating pressures.
[0002] In buildings where people are present (residen-
tial or public utility buildings), conditions for safe evacu-
ation of people during a fire have to be ensured, and
appropriate conditions for rescue teams after the evac-
uation have to be created. The concept of safe evacua-
tion should be understood as maintenance of vertical and
horizontal escape routes free from smoke and organised
reception of smoke from this space of the building. This
is an issue of crucial importance to safety of users of the
facility because, as analyses of effects of fires clearly
indicate, smoke (mixture of gaseous combustion prod-
ucts with air) is the primary threat to their lives. Smoke
accompanies all fires, limiting visibility in escape routes,
and poses a very serious risk of intoxication to people
who remain in the facility. A particularly serious threat is
posed by toxic combustion products, such as: carbon
monoxide, gaseous hydrochloric acid HCl, hydrocyanic
acid or sulphur compounds, which constitute a high share
of fire gases. For example, carbon monoxide is poison-
ous because when in contact with blood, it binds to the
blood pigment - haemoglobin, with which it has 200-240
times higher affinity than oxygen. This is a durable, co-
ordinate binding of carbon monoxide with iron atoms of
haemoglobin, the binding, as a consequence, preventing
the natural reaction of haemoglobin with oxygen. Impact
of carbon monoxide on people is multiplied due to the
phenomenon of hyperventilation, i.e. an increased res-
piration rate, which causes rapid accumulation of carbon
monoxide in the organism. Figuratively speaking, two
breaths in a smoky space cause loss of consciousness
and, consequently, threaten with death. The above dis-
cussed threats to life are of particular importance in multi-
storey buildings where evacuation of people is carried
out through corridors, elevators and stairways. With rel-
atively low heights of stories, large amounts of smoke,
generated during a fire, in a short time fill the entire cu-
bature of the room on the storey and in the absence of
appropriate technical safeguards they can rapidly threat-
en not only the evacuation of the directly threatened sto-
rey, but also of other users of the building.
[0003] The ventilation system in multi-storey buildings
has to provide two (steady) stable states. The first: all
the doors leading to the protected space (e.g. a stairway)
are closed: overpressure of a fixed value (selected from
the range of 30 Pa to 80 Pa, most often 50 Pa) has to be
ensured. The second: at least one door is opened, e.g.
from the fire involved corridor to the stairway, the fan
insufflating air into the protected space needs to increase
its flow rate so as to ensure air speed in the door opening
at a specified level (e.g. 1 m/s or 2 m/s). To ensure an
acceptable level of protection, transitional period be-
tween these two states should not last longer than three

seconds.
[0004] Fire ventilation systems currently in use are di-
vided into passive and active ones. An attempt to solve
the problem of fire ventilation involves passive, mechan-
ical systems for removing smoke and for maintaining the
escape routes free from smoke. In the lower part of the
stairway, a fan inflating clean air with a constant flow rate
is placed so as to meet the criterion of flow in the open
door, and in the upper part, a smoke release vent with a
weight selected so as it opens, for example, at an over-
pressure of 50 Pa, is placed. The active systems are built
as automatic control systems with the use of PID con-
trollers. A sensor for sensing pressure in the protected
space is connected to the PID controller. Based on the
measurement, the controller determines the required
power of the fan and, in the form of a voltage signal or
through a serial transmission link, transmits it to an in-
verter (frequency converter) which directly controls the
fan motor. This application relates to an active system.
[0005] In the prior art, there is a number of passive
solutions which relate to the control of fan operation
based on the measurement of pressure difference be-
tween the protected/insulated space and a reference
pressure, and which maintain a constant pressure differ-
ence. Exemplary solutions are disclosed in the following
publications: KR 100317243 B1, DE 19937532 A1, DE
10241625 A1, CN 203024345 U, JP 2007/024469 A.
However, solutions of this type have an important disad-
vantage. Wind blowing along the plane of the vent (per-
pendicularly to its axis) causes an increase in dynamic
pressure and a decrease in static pressure. This increase
in static pressure combined with water hammer (at the
time of the door closure) leads to a complete opening of
the vent and to a permanent blockage of it in an open
position.
[0006] In the prior art, there are solutions which relate
to the control of fan operation (not only in the fire venti-
lation system) for obtaining an expected pressure differ-
ence, on the basis of indications of temperature values
inside and outside the building. For example, publications
JP 2005/207674 A, US 2012/0164930 A1 and JPH
07139775 A relate to air conditioning devices, and PL
389314 A1 refers to a fire ventilation system.
[0007] In publications EP 2511617 A1, EP 1990584
A1, EP 0915300 A2 and WO 2007/127897 A2, solutions
disclosing a method for controlling air flow by controlling
the fan operation are shown. In particular, publication EP
0915300 A2 discloses a method for controlling pressure,
according to which, based on an established mathemat-
ical model, predicted settings are calculated. Forecasts
are adjusted on an ongoing basis. A similar solution was
described in publication WO 2007/127897 A2. The in-
vention relates to an adaptive feedback algorithm (e.g.
PID) which is used in a controller of fluid flow. A disad-
vantage of these solutions is that active systems
equipped with a PID controller can operate properly only
in facilities with a constant and large leakage. In real fa-
cilities, changes in leakage may be sudden (e.g. breaking
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of window pane) or smooth (e.g. operation of a door clos-
er on a storey not covered by fire). Large leakage means
that in the closed state of the door, the fan has a large
flow rate, i.e. there is a small change in leakage between
the two operational states, and the facility can be approx-
imated by a linear model, which allows selection of ap-
propriate settings for the PID controller. If the leakage is
small, and this is the case in the newly constructed build-
ings, the range of variability in leakage is large, the sys-
tem is highly non-linear and the PID controller becomes
unstable: in the system, there are strong oscillations, i.e.
the fan cyclically accelerates to the maximum flow rate,
then decelerates to zero, etc. The only solution is to sup-
press the controller, i.e. to select the settings so that it
reacts very slowly, but then it is not possible to achieve
the transition period of less than three seconds. The use
of PID control is therefore not possible for two reasons:
firstly, a high non-linearity of the controlled facility, sec-
ondly, the facility is non-stationary: its characteristics
change over time. The most important parameters which
change over time include: leakage, air density and wind
strength and direction. Change in leakage causes a com-
plete change of air distribution in the building, which is
also affected by the strength and direction of the wind:
air can be forced into the interior, for example, through
ventilation holes. An important parameter is air density
(which depends on atmospheric pressure, temperature
and humidity) because Reynolds number depends on
density, and change in this number affects the effective
flow rate of the fan. Therefore, the use of advanced con-
trol algorithms, e.g. predictive ones, seems to be the nat-
ural way. Unfortunately, all control algorithms require a
mathematical model of the facility. The facility is non-
stationary so this model has to be created on an ongoing
basis and very quickly because control variables are rap-
idly changing, according to the control theory at least 20
times per second. The facility is highly non-linear: e.g.
function describing the flow rate of the fan, according the
frequency of the inverter, is non-linear and depends on
the variable parameters of air (Reynolds number). Fur-
ther, the non-linear model requires a solution of non-lin-
ear optimisation task with restrictions (of control, i.e. the
range of possible frequencies of the inverter is restricted
to the range of 0 - 50[Hz], or 0 - 60[Hz]). Such a task has
not any solutions in the general case, and iterative meth-
ods require very high computational power of the proc-
essor and have an indefinite time to reach the solution,
thus the cannot be used in real time for very dynamic
(rapidly changing) processes. This is confirmed by liter-
ature on the subject: predictive algorithms with solution
of optimisation task are currently used mainly in the
chemical industry for slowly changing processes.
[0008] The solution to these problems is the invention
being applied.
[0009] A key element of the invention is a pressure
controller together with a sensor (measurement of the
pressure difference between the protected space and a
reference pressure, e.g. atmospheric pressure). The

controller is equipped with a processor with a high com-
putational efficiency, equipped with floating-point arith-
metic (high precision of calculations). The present inven-
tors have surprisingly noted that the model of controlled
process can be divided into two components: a static part
describing the steady state and a dynamic part describing
unsteady states. The essence of the invention consists
in the fact that the static part of the model describes, in
its entirety, hydraulic properties of the facility (leakage,
current efficiency of the fan), whereas the dynamic part
describes characteristics of the fan itself: motor dynamics
and aerodynamic characteristics of the fan blades. The
dynamic part is constant and the (non-linear) dynamics
model is created on the basis of identification tests of a
particular fan at the place of manufacture. This non-linear
dynamics model is permanently inscribed in the control-
ler. On the other hand, the static part of the process model
is identified on an ongoing basis in each cycle of inter-
vention of the controller (minimum cycle is 25[ms]): the
controller brings the process to the steady state (a frac-
tion of a second being enough) and based on the meas-
urement of pressure difference and on knowledge of cur-
rent frequency of the inverter, it calculates parameter a
which describes hydraulic characteristics of the process,
according to the formula: P=a.U^2, where P represents
measured pressure difference, U represents control, i.e.
frequency at which the inverter controls the fan motor.
Determination of current values P and U allows calcula-
tion of current value of parameter a=P/U^2. This process
performed with a period of controller intervention pro-
vides current non-linear model to the rest of the algorithm,
the task of the said rest being to find an optimal trajectory
of the control, i.e. control values for subsequent moments
of time: current moment k, and subsequent ones k+1,
k+2, k+3,... Normally, it is performed by solving the task
of non-linear optimisation with restrictions. Unfortunately,
there is not any general solution to such a task, iterative
methods are used, the said methods not guaranteeing
to achieve a global solution within the required short time.
Another element of the invention is a method for quickly
solving the task of non-linear optimisation, used in the
invention. The present inventors have surprisingly noted
that optimal trajectory differs by not more than 5% (most
often) to 10% (in extreme cases) from the trajectory in
the steady state, which at current moment can be calcu-
lated from the formula:
u(k)=u(k+1)=u(k+2)=···=sqrt(P/a). The so determined
point in the control space is in close proximity to the op-
timum solution (global minimum of the task of non-linear
optimisation). Therefore, the feasible point of the task of
non-linear optimisation is a predicted control trajectory
for the steady state, determined as a result of identifica-
tion of parameter a. This guarantees the convergence of
the optimisation task and achieving the solution within
the required short time.
[0010] The object of the invention is a system for con-
trolling a fan insufflating air into a protected space, es-
pecially in fire ventilation for the protection of escape
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routes, comprising a controller equipped with a processor
with a high computational power and a memory, de-
signed and configured to control the said fan by setting
frequency U of the inverter controlling the motor of this
fan and connected to this inverter, and in addition con-
nected to a pressure sensor for measuring pressure dif-
ference P between the protected space and a reference
pressure (reference pressure may be atmospheric pres-
sure or pressure from the room in which a fire can po-
tentially start), characterised in that the said controller is
configured and programmed to perform the following
steps:

a) registering, in the memory of the controller, pa-
rameters of the fan, determined in time, including at
least: minimum and maximum control of the inverter
[Hz], calibration of current path for controlling the ro-
tational speed of the inverter, determination of oper-
ation dynamics of the fan (acceleration time of the
fan, deceleration time of the fan);

b) registering, in the memory of the controller, pa-
rameters of the protected space, variable in time,
comprising at least value P(k) read from the pressure
sensor, value U(k) read from the inverter, inflow of
air into the protected space and leakage of air from
the protected space, at current moment k;

c) determining the value of parameter a(k) at current
moment k as a function of a(k)=p(k)/U2(k);

d) determining the value of control U(k+1) at a sub-
sequent moment of time k+1, by solving the task of
non-linear optimisation by means of an iterative
method, the feasible point of the iterative method
being assumed as Ustart(k+1)=Sqrt(P(k)/a(k));

e) setting the so determined value of control U(k+1)
as a frequency of the inverter controlling the fan mo-
tor.

[0011] The object of the invention is also a method for
controlling a fan insufflating air into a protected space,
especially in fire ventilation for the protection of escape
routes, consisting in that in a system comprising a con-
troller equipped with a processor with a high computa-
tional power and a memory, designed and configured to
control the said fan by setting frequency U of the inverter
controlling the motor of this fan and connected to this
inverter, and in addition connected to a pressure sensor
for measuring pressure difference P between the pro-
tected space and a reference pressure, the following
steps are performed:

a) in the memory of the controller, parameters of the
fan, determined in time, are registered, the said pa-
rameters including at least minimum and maximum
control of the inverter [Hz], calibration of current path

for controlling the rotational speed of the inverter,
determination of dynamics of the fan operation (ac-
celeration time of the fan, deceleration time of the
fan);

b) in the memory of the controller, parameters of the
protected space, variable in time, are registered, the
said parameters including at least value P(k) read
from the pressure sensor, value U(k) read from the
inverter, inflow of air into the protected space and
leakage of air from the protected space, at current
moment k;

c) the value of parameter a(k) at current moment k
is determined as a function of a(k)=P(k)/U2(k);

d) the value of control U(k+1) at a subsequent mo-
ment of time k+1 is determined by solving the task
of non-linear optimisation by means of an iterative
method, the feasible point of the iterative method
being assumed as Ustart(k+1)=Sqrt(P(k)/a(k));

e) the controller sets the so determined value of con-
trol U(k+1) as a frequency of the inverter controlling
the fan motor.

Preferred Embodiment of the Invention

[0012] Now, the invention will be presented in greater
detail in a preferred embodiment, with reference to the
accompanying drawings in which:

Fig. 1 (prior art) shows a known active control system
with the use of PID controller;

fig. 2 shows a model of a controlled process with a
division into static part A and dynamic part B (Wiener-
Hammerstein model);

fig. 3 shows an exemplary graph of the control with
an indication of static part A and dynamic part B;

fig. 4 shows a solution according to the invention
used in a vertical escape route (stairway in a facility
- shopping mall), and

fig. 5 shows an example of a method for controlling
fan according to the invention in a real facility - shop-
ping mall.

[0013] In the drawings, the following designations were
used: 1- pressure sensor, 2 - aeration unit, 3 - inlet of air
flow into a stairway 5 from supply ducts, 4 - system of
ventilation (supply) ducts, 5 - stairway; 6 - utility rooms.
[0014] Fig. 2 shows a model of a controlled process
with a division into static part A and dynamic part B (Wien-
er-Hammerstein model), where the input parameter is
U(k) - control at moment k and P(k) - pressure difference
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measured at moment k. Static part A of the model, in
each cycle, determines parameter a describing hydraulic
characteristics of the process, the said parameter being
determined from the following equation: 

where:

P - represents measured pressure difference [Pa]
U - represents control of the inverter [Hz]

[0015] Dynamic part B of the model is constant and
dynamics model is created on the basis of identification
tests of a particular fan at the place of manufacture. This
model is permanently inscribed in the controller. The out-
put parameter is y(k) - constituting a response of the fa-
cility at moment k.
[0016] In a preferred embodiment, a fire protection sys-
tem successfully used in a facility, being a shopping mall,
is presented. The facility is illustrated schematically in
Fig. 4. The system was used to provide protection of ver-
tical escape route in a four-storey stairway 5 with a very
large cubature and tightness. The facility comprises the
following elements:

• A point for measuring pressure by means of a pres-
sure sensor pmacF - 1. The pressure sensor 1 meas-
ures pressure difference relative to a reference pres-
sure, i.e. atmospheric pressure. Location of the pres-
sure sensor 1 in Fig. 4 is exemplary. The pressure
sensor 1 is mounted in a place where the air flow
entering the stairway from an inlet 3 does not affect
directly the point at which the sensor 1 is located.
Optionally, the pressure sensor 1 is mounted in other
places of the stairway 5.

• An aeration unit 2 consisting of:

o MAC-FC controller - it constitutes the "heart"
of the entire system. In the controller, program
containing an algorithm and supporting commu-
nication with other elements of the system: the
pressure sensor 1, the inverter;

o Danfoss FC102 inverter for motors with power
up to 10KW, which is controlled from MAC-FC
controller through a current signal. In addition,
the controller monitors operational state of the
inverter through a serial transmission port;

o A 3-phase asynchronous motor with a power
of 9.6 KW;

o A battery power system for MAC-FC controller;

o A fuse and relay block.

• An inlet of air flow to the stairway 5 from supply ducts
3 directly connected to the aeration unit 2.

• A system of ventilation (supply) ducts 4 which convey
air to the protected area;

• The stairway 5 constituting a vertical escape route
from all stories of the building. In accordance with
operation of the system according to the invention,
the stairway 5 has to be free from smoke. Optionally,
the escape route in this case is constituted by a cor-
ridor, which is a horizontal escape route. The stair-
way 5 used as a vertical escape route is connected
to technical corridors in the shopping mall.

• Utility rooms 6 in which a fire can start. In these
rooms, there are people who, in the event of fire,
evacuate through the stairway 5 from the burning
facility.

[0017] To aerate the stairway 5, in the system accord-
ing to the invention, the following elements were used:

• MAC-FC controller

• A pressure sensor with a measuring range of 0 to
250 Pa

• Danfoss FC102 inverter

• An 9.6KW AC 3-phase asynchronous motor

[0018] Fig. 5, shows an actual graph of inverter control
U as a function of time (vertical axis on the right, [Hz]) in
the stairway 5 with a presented response of the algorithm
to opening and closing the door. A graph of pressure
measured by the sensor 1 as a function of time (vertical
axis on the left , [Pa]) is also shown. Values of control U
achieved by the inverter vary in the range of 0[Hz] to
50[Hz] (control range of the inverter).
[0019] In fig. 5:

• I, II - represents the steady state in the facility (static
part A which describes it) - where the algorithm in
each cycle with a period of 50[ms] determines static
part A of the facility. In the static state, criterion of
ensuring a constant overpressure (from 30 to 80[Pa])
has to be met. In the presented case, an overpres-
sure relative to the reference pressure with a value
of 50[Pa] is maintained. The control of the fan in this
state is 11[Hz];

• III - moment of opening the door (dynamic part B),
where an immediate response to the decrease in
pressure takes place. In the dynamic state, criterion
of ensuring an appropriate flow on the open door (at
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least 1[m/s]) has to be met. In this state, the control
of the fan is 50[Hz] (maximum control that can be
set on a given fan);

• IV - moment of closing the door (dynamic part B),
where a sudden increase in pressure takes place as
a result of closing the door. At this point, a transition
to the steady state takes place and the control of the
fan changes from 50[Hz] to 11[Hz];

• V - moment of pressure stabilisation after closing the
door (about 2[s]) and a transition to the steady state
of the facility (static part A). In the static state, like
before opening the door, i.e. in the steady state I, II,
the fan is controlled with a value of 11[Hz].

[0020] Simultaneously, in fig. 3, static parts A and dy-
namic parts B of the control process are shown.

Claims

1. A system for controlling a fan insufflating air into a
protected space, especially in fire ventilation for the
protection of escape routes, comprising a controller
equipped with a processor with a high computational
power and a memory, designed and configured to
control the said fan by setting frequency U of the
inverter controlling the motor of said fan and con-
nected to this inverter, and in addition connected to
a pressure sensor for measuring pressure difference
P between the protected space and a reference pres-
sure, characterised in that the said controller is
configured and programmed to perform the following
steps:

a) registering, in the memory of the controller,
parameters of the fan, determined in time, com-
prising at least: minimum and maximum control
of the inverter [Hz], calibration of current path
for controlling the rotational speed of the invert-
er, determination of operation dynamics of the
fan, especially acceleration time of the fan, de-
celeration time of the fan;
b) registering, in the memory of the controller,
parameters of the protected space, variable in
time, comprising at least value P(k) read from
the pressure sensor, value U(k) read from the
inverter, inflow of air into the protected space
and leakage of air from the protected space, at
current moment k;
c) determining the value of parameter a(k) at
current moment k as a function of
a(k)=P(k)/U2(k);
d) determining the value of control U(k+1) at a
subsequent moment of time k+1, by solving the
task of non-linear optimisation by means of an
iterative method, the feasible point of the

iterative method being assumed as
Ustart(k+1)=Sqrt(P(k)/a(k));
e) setting the so determined value of control
U(k+1) as a frequency of the inverter controlling
the fan motor.

2. A method for controlling a fan insufflating air into a
protected space, especially in fire ventilation for the
protection of escape routes, consisting in that in a
system comprising a controller equipped with a proc-
essor with a high computational power and a mem-
ory, designed and configured to control the said fan
by setting frequency U of the inverter controlling the
motor of said fan and connected to this inverter, and
in addition connected to a pressure sensor for meas-
uring pressure difference P between the protected
space and a reference pressure, the following steps
are performed:

a) in the memory of the controller, parameters
of the fan, determined in time, are registered,
the said parameters comprising at least mini-
mum and maximum control of the inverter [Hz],
calibration of current path for controlling the ro-
tational speed of the inverter, determination of
operation dynamics of the fan, especially accel-
eration time of the fan, deceleration time of the
fan;
b) in the memory of the controller, parameters
of the protected space, variable in time, are reg-
istered, the said parameters comprising at least
value P(k) read from the pressure sensor, value
U(k) read from the inverter, inflow of air into the
protected space and leakage of air from the pro-
tected space, at current moment k;
c) the value of parameter a(k) at current moment
k is determined as a function of a(k)=P(k)/U2(k);
d) the value of control U(k+1) at a subsequent
moment of time k+1 is determined by solving the
task of non-linear optimisation by means of an
iterative method, the feasible point of the
iterative method being assumed as
Ustart(k+1)=Sqrt(P(k)/a(k));
e) the controller sets the so determined value of
control U(k+1) as a frequency of the inverter con-
trolling the fan motor.
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