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CONTROL OF THE ELECTRIC MOTORS OF A PUMP UNIT OF A FIRE
PROTECTION SYSTEM

Field of the invention

The present invention relates to fire protection systems, and more particularly to
high-pressure water mist extinguishing systems.

More particularly, the object of the present invention is a control method and
control apparatus of the electric motors of a pump unit of a fire protection
system, such as a water mist extinguishing system, more particularly a high-
pressure water mist extinguishing system.

Prior art

Nowadays pump units consisting of AC electric motors, power transmissions,
high-pressure water pumps and unloading valves, with the purpose of these
being to regulate the pressure in an activation situation, typically to a pressure
of over 100 bar, e.g. to 140 bar — 180 bar, are used in fire protection systems,
such as in water mist extinguishing systems, more particularly in high-pressure
water mist apparatuses. There is generally gearing between the high-pressure
pumps and electric motors, in which gearing the power obtained from the shaft
of an electric motor is divided between one or more high-pressure pumps such
that the water yield required is obtained. Water is led to the high-pressure
pumps from the unit’'s own water tank.

A high-pressure water mist extinguishing apparatus generally operates such
that when the system is in standby mode a small pressure, e.g. 25 bar, is
maintained e.g. with a pneumatic standby pump. In addition to a standby pump,
the system can comprise a flow sensor disposed in a pressure-water pipe. If the
temperature rises in a fire-protected space above the thermal value of the spray
nozzles, the thermal ampoule in the nozzle breaks and lets water flow as mist
into the protected space. The standby pump tries to keep 25 bar pressure in the
piping and starts to pump more water into the piping, which brings about a flow
of water. The flow sensor detects this flow and sends a signal, which brings
about the starting of a pump unit.
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The piping can also comprise a pressure switch monitoring the pressure. If the
standby pump has failed and there is a flow in the piping, the flow sensor does
not receive flow data. From this it follows that the signal of the flow sensor does
not start the pump unit. If the pressure of the system falls in the piping below a
preset limit value and stays below the limit for a certain time, this causes the
starting of the pump by means of the pressure switch owing to the pressure
being too low.

When the pump unit in prior-art pump units has started (activated), the electric
motors of the pumps of the pump unit in turn start automatically directly to the
electricity network under the control of a time relay with a short delay. If the
required flow rate of the water is smaller than the yield of the pump unit, the
excess part of the flow is conducted via unloading valves back into the water
tank. High-pressure water pumps are typically rotated by means of three-phase
AC electric motors connected to a three-phase AC electricity network.

A water tank, unloading valves and a separate standby pump are needed in
prior-art pump units, which makes prior-art pump units relatively complex, large
and expensive.

Summary of the invention

The purpose of this invention is to eliminate the drawbacks of prior art and to
achieve an entirely new kind of method and apparatus to control the AC electric
motors of a pump unit of a fire protection system, such as a water mist
extinguishing system.

The solution according to the invention is based on a frequency converter, by
means of which one of the motors is connected to the supply network. By
means of the frequency converter variable voltage and variable frequency AC
voltage can be obtained, with which one motor of the pump drive can be
controllied.

In one embodiment of the invention the frequency converter is connected in a
fixed manner to one of the AC electric motors.
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In a second embodiment of the invention the frequency converter can be
connected to any whatsoever of the AC electric motors of the pump drive.

The characteristic features of the method and the apparatus according to the
invention are presented in detail in the independent claims 1 and 9. Preferred
embodiments of the invention are presented in the other claims.

By means of the invention a very redundant control system for a pump unit,
which control system gives added-value to the customer (including optimization
of electricity consumption and water consumption as well as the possibility of
minimizing the starting-current peaks of the electric motors), can be constructed
cost-effectively.

In the pump unit according to the invention a separate water tank, unloading
valves and a standby pump are not needed, which makes the pump units
mechanically simple and compact. In addition, the problems caused by the
typically large hysteresis of mechanical unloading valves and also by the
warming of the water and the pumps caused by the circulation of the water can
be avoided. Thus it has been possible to significantly simplify the mechanics of
a pump unit compared to prior-art solutions.

In addition, only one frequency converter is needed in the apparatus, in parallel
with which a second, standby frequency converter can be connected for
ensuring operation, in which case the structure of the apparatus is also very
simple in these respects. Additionally, the wearing of the motors and pumps can
be balanced by changing the start-up sequence.

Short description of the drawings

In the following, the invention will be described in more detail by the aid of an
example of its embodiment with reference to the attached drawings, wherein

Fig. 1 presents a simplified block diagram of the high-pressure water mist
extinguishing system of the invention and the control apparatus of the pump unit
of it with respect to one frequency-converter-controlied motor,
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Fig. 2 presents a wiring diagram of the motor circuit according to an
embodiment of the invention,

Fig. 3 presents a wiring diagram of the motor circuit according to a second
embodiment of the invention, and

Fig. 4 presents a block diagram of a control system according to the invention,

Fig. 5 presents a block diagram of a second control system according to the
invention,

Fig. 6 presents the operation of the control system according to Fig. 5, and
Fig. 7 also presents the operation of the control system according to Fig. 5.
Description 6f preferred embodiments of the invention

A fire protection system, such as a water mist extinguishing system, more
particularly a high-pressure water mist extinguishing system, comprises spray
heads that comprise spray nozzles and are disposed in a fire-protected space,
a pump unit, and also piping with actuators for conducting extinguishing fluid
from the pump unit to the spray nozzles. The pump unit comprises a humber of
pump drives, each of which comprises a high-pressure pump and an AC electric
motor rotating it.

The system functions as presented in the above description of prior art, i.e. if
the temperature rises in the fire-protected space above the thermal value of the
spraying nozzles, the thermal ampoule in the nozzle breaks and lets water flow
as mist into the protected space. In this invention the high-pressure pump
functioning as the standby pump, which is controlled with a frequency converter,
tries to keep 25 bar pressure in the piping and starts to pump more water into
the piping, which brings about a flow of water. If the standby pumping is not
sufficient to maintain the standby pressure in the preset time, the control system
brings about the starting of a pump unit. The general structure and operation of
a high-pressure water mist extinguishing system is obvious to a person skilled
in the art and it is not essential from the viewpoint of the invention, so that it is
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not presented in the figures and it is not addressed in more detail in the
following.

Fig. 1 presents a simplified block diagram of a high-pressure water mist
extinguishing system according to the invention and the control apparatus of the
electric motors of the pump unit thereof. The figure presents the high-pressure
pumps 101 and the three-phase AC electric motors 102 rotating them. The
water is conducted from the water mains system 103 by means of the supply
piping 104 to the pumps and onwards by means of the second supply piping
105 to the spray nozzles 112, and electric power is supplied from the three-
phase network 106 by means of three-phase supply cables 107 to the motors.

In the apparatus according to the invention one of the electric motors 102 is
connected to the supply network via a frequency converter 108, in which case
the motor in question can be controlled with variable frequency and variable
amplitude three-phase AC voltage 109. The frequency converter can be e.g. a
voltage-controlled PWM frequency converter, which comprises a rectifying
bridge connected to the network, a DC intermediate circuit and an inverter
bridge supplying the motor.

Pressure sensors (pressure transmitters) 110 are connected to the supply
piping of the spray nozzles, and the sensors, like the motors and the frequency
converter, are connected to a control unit (PCB) 111, with which the system is
controlled. There are typically two pressure sensors, for the sake of
redundancy, and in addition they can be connected to different IOC cards (see
Fig. 4).

Fig. 2 describes the basic concept, at the main circuit level, wherein the
frequency converter is connected in a fixed manner to one motor. The pump
unit comprises six three-phase AC electric motors 203a-f connected via circuit-
breakers (a fuse) 202a-f to a three-phase network 201. One of the motors is
controlled with a frequency converter 204, which can be connected to the motor
by means of a first contactor device 205, or otherwise the motor is supplied
directly from the network via a second contactor device 206a, such that the
motor can be connected to the network directly (KD contactors) or via the
frequency converter (FC) (KF contactor). The other motors can be connected
directly to the network via the contactors 206b-206f. The contactors are
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controlled by means of a separate electronic control unit (PCB Control System)
211.

When starting and operating the pump unit the motor being controlled with a
frequency converter functions as a motor that steplessly “fine-tunes” the
pressure and the others are started up directly into the network, i.e. to rated
speed with “coarse adjustment”, i.e. the required amount steplessly, to produce
e.g. with a time delay the required flow rate of the water. In this way exactly the
correct amount of pressure is produced with the pumps. Additionally, when the
system is in standby mode a small pressure, e.g. 25 bar, is maintained in it by
means of a frequency-converter-controlled motor instead of with a prior-art
standby pump.

Fig. 3 describes an embodiment according to the invention, the so-called
network synchronization concept, wherein pressure adjustment functions in
exactly the same way as in the preceding, but a frequency converter 304 can be
connected to any motor whatsoever. For this purpose each motor comprises
two contactors, 305a-f (KD contactors) and 306a-f (FC contactors), all of which
are connected to a separate electronic control unit 311. In addition, the
frequency converter is connected to the network via its own circuit-breaker 307.
Since the power requirement is often quite large, this concept is needed as the
direct on-line starting current peaks of the motors could cause problems for the
electricity network. The motors are synchronized to the frequency and phase of
the main network, in which case they can be connected to it without significant
current peaks. An instrument transformer 308 T9B is connected to the network
via its own circuit-breaker 309 and, in addition, to an analog input of the
frequency converter. The frequency converter is thus able to measure its own
output voltage and the phase of the main network and to communicate the
synchronization moment to the control electronics.

Fig. 4 describes the bus-controlled distributed control electronics of the control
unit. The pump unit comprises a separate starter cubicle, common to all the
motors and to the frequency converter, which cubicle is assembled from
prefabricated modules, into which the control electronics of the control unit is
distributed. The cubicle contains a user panel (PUP) 401 for the pump drive,
said panel functioning as a user interface, a control unit card (controller) (PUC)
402 for the pump unit, connection boards (MCI) 403 for the motor control, a
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connection board (FCI) 404 for the frequency converter control, and input/output
cards (IOC) 405. The control cards communicate along a redundant
bidirectional CAN bus 406. For the sake of redundancy, two PUC cards and two
FClI cards (i.e. also two frequency converters) can be connected to the system.

In the invention the system is controlled with synchronization of the network
voltage (line synchronization), wherein the network voltage and the voltage of
the motor are measured and the frequency of the motor is synchronized with
the network frequency (see Fig. 6).

In order to gain the optimal benefit of line synchronization, the advance time
needed for the operation of the contactor must be known. Furthermore, for
simplifying the control this advance time should be the same for all the motors.

In a redundant CAN bus, there are many variables that make setting the
advance time difficult; for example:

- the number of connection boards in the network, because each
connection board typically causes a delay of approx. 1 ms on the route of
the signal,

- command route; when there are problems in the connection, commands
can travel either a longer or a shorter route.

In the invention this is solved with a control according to Fig. 5 such that the
time-critical commands, which are a synchronization command, open the KF
contactor, close the KD contactor, are generated locally in the FCI and in the
MCI, and they do not need to be transferred backwards and forwards between
them and the PUC.

In addition, the FCls and the MCls are connected galvanically with conductors
501 — 504 to each other via the synchronization connectors that they contain
such that one conductor 501 leaves from the connection board of the frequency
converter to the first connection board of the motor, and a second conductor
502 |leaves from the first connection board of the motor to the connection board
of a second motor, et cetera. Correspondingly the conductor 503, presented
with dot-and-dash lines, can be connected from the synchronization connector
of the second connection board of the frequency converter to the connection
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board of the motor and the motors further connected to each other with the
conductor 504.

In the following, the operation of the apparatus will be described. In the
description of operation, reference is made to Figs. 6 and 7, in addition to Fig. 5,
which figures describe the voltage Uline of the network, the voltage UFC of the
frequency converter, and the voltage UM of the motor on the time axis t (Fig. 6),
as well as the synchronization start command (start sync) from the PUC, the KF
control of the FC contactor, the KF status of the FC contactor, the control of the
contactor KD connecting directly to the network and also the status of the
contactor KD connecting directly to the network on the same time axis as the
voltage of the motor (Fig. 7).

According to Figs. 6 and 7, at the moment t1 a start command for
synchronization is given from the PUC. In this case one of the motors, e.g.
203a, operates under frequency converter control. At the moment t2 the
synchronization is completed and the synchronization ready command is given
from the frequency converter. At the moment t3 a stop FC command and an
open KF command are given. After that KF is opened at the moment t4 and a
close KD command is given, and during the closing delay of the contactor KD
the motor rotates freely until the moment t5, when KD is closed and the AC
electric motor is connected directly to the network.

Fig. 7 further presents the connections of the contactors in the control in
question. In the figure it is seen that the synchronization start command is on
between t1 — t3, the synchronization ready command is on between {2 — t3, and
the FC start command and the KF control of the FC contactor is on even before
t1 up until the moment t3, in which case the FC contactor KF is closed during
the opening delay until the moment t4. The control (DOL CONTACTOR KD
CONTROL) of the contactor KD connecting directly to the network controls KD
closed after the moment t4, and the contactor KD connecting directly to the
network is closed until the moment t5 (DOL CONTACTOR KD STATUS).

Fig. 7 shows that the motor is controlled to a preset speed.

An ideal phase synchronization, in which no current peaks occur, is achieved
when the synchronization and the connecting to the network occur when the
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voltage of the motor and the voltage of the network are in the same phase and
at the zero point of the voltages in question at the moment t5 (Fig. 6).

A delay between the frequency of the voltage of FC and the phase
synchronization, a delay to the opening of KF and a delay to the opening of KD
is presented in Fig. 7 as time intervals t1-t2, t3-14 and t4-t5. The preset advance
is the time interval t2-t3.

It is obvious to the person skilled in the art that the different embodiments of the
invention are not limited solely to the examples described above, but that they
may be varied within the scope of the claims presented below. The
characteristic features presented in the description mentioned in conjunction
with other can also be independent characteristic features.
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CLAIMS

1. Control method for the electric motors of a pump unit of a fire protection system,

which fire protection system comprises spray nozzles (112), a pump unit, a control system with
pressure-measuring means, and piping (105) for conducting extinguishing medium from the pump unit

to the spray nozzles,

which pump unit comprises pump drives, each of which comprises a pump {101) and an AC electric
motor (102, 203a-203f) rotating it, which motor can be connected to an AC electricity network via a

contactor device (206a-f),

in which pump unit the AC electric motors are controlled on the basis of the pressure to be measured

in the piping,
characterized in that

one of the electric motors (102, 203a-203f) at a time is controlled by means of a frequency converter
{108, 204) such that the motor to be controlted with the frequency converter operates as a motor that
under the control of the frequency converter steplessly adjusts pressure and the others are started up

into the network as steplessly adjusting motors,
and in that the frequency converter can be connected:

a) to a motor by means of a first contactor device (205), or otherwise the motor is supplied directly
from the network via a second contactor device {(206a), such that the motor can be connected to the

network directly (KD) or via a frequency converter (KF); or
b) by means of contactor devices to any whatsoever of the motors of the pump drive;

and there are two contactor devices (305a-f and 306a-f) for each motor, such that the frequency
converter can be connected to each of the motors by means of the first contactor device (205), or
otherwise each motor can be supplied directly from the network via the second contactor device
(206a-206f), such that the motor can be connected to the network directly (KD} or via a frequency

converter (KF).

2. Method according to claim 1, characterized in that the frequency converter is connected by means

of a contactor device to one of the electric motors.

3. Method according to claim 1, characterized in that the motors are synchronized to the frequency
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and phase of the main network, in which case they can be connected to it without significant current

peaks.

4. Method according to claim 1 or 3, characterized in that an instrument transformer (308) is
connected to the analog input of the frequency converter, and the frequency converter measures its
own output voltage and the voltage of a phase of the main neiwork and communicates the

synchronization moment to the conirol electronics.

5. Method according to any of the preceding claims, characterized in that the fire protection system is
a water mist extinguishing system, more particularly a high-pressure water mist extinguishing system.

8. Method according to any of the preceding claims, characterized in that the pump unit is controlled
with a separate control unit, common to the motors and to the frequency converter, which control unit
comprises a control unit (PUC) 402 for the pump unit, connection boards (MCI) 403 for the motor
control, a connection board (FCI) 404 for the frequency converter control, and input/output cards

(10C) 405.

7. Method according to any of the preceding claims, characterized in that the control cards
communicate aloeng a redundant bidirectional CAN bus (406).

8. Method according to any of the preceding claims, characterized in that time-critical commands,
which are a synchronization command, open KF, close KD, are generated locally in the FCl and in the
MCL.

9. Method according to any of the preceding claims, characterized in that the FCls and the MCls
are connected galvanically with conductors (501 - 504) to each other via the synchronization
connectors that they contain for giving synchronization commands from an FCi to one MCI and from it

onwards to the other MCls.

10. Control apparatus of the electric motors of a pump unit of a fire protection system,

which fire protection system comprises spray nozzles (112), a pump unit, a control system with
pressure-measuring means, and piping {105) for conducting extinguishing medium from the pump unit
to the spray nozzles,

which pump unit comprises pump drives, each of which comprises a pump (101) and an AC electric
motor {102, 203a-203f) rotating it, which motor can be connected to an AC electricity network via a

contactor device (208a-f), and also a control unit,

in which pump unit the AC electric motors are arranged to be controlled on the basis of the pressure
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to be measured in the piping,
characterized in that
the apparatus comprises a frequency converter controlling one or more electric motors, and

the control unit is arranged to control one of the electric motors (102, 203a-203f) at a time by means
of a frequency converter (108, 204) such that the motor to be controlled with the frequency converter
operates as a motor that under the control of the frequency converter steplessly adjusts pressure and
the others are started up into the network as steplessly adjusting motors.

and in that
the frequency converter can be connected:

a) to the motor by means of a first contactor device (205), or otherwise the motor is supplied directly
from the network via a second contactor device (206a), such that the motor can be connected to the

network directly (KD) or via a frequency converter (KF); or
b) by means of contactor devices to any whatsoever of the motors of the pump drive;

and there are two contactor devices (305a-f and 306a-f) for each motor, such that the frequency
converter can be connected to each of the motors by means of the first contactor device (205), or
otherwise each motor can be supplied directly from the network via the second contactor device
{206a-206f), such that the motor can be connected to the network directly (KD) or via a frequency

converter (KF).

11. Apparatus according to claim 10, characterized in that the frequency converter is connected by
means of a contactor device to one of the electric motors.

12. Apparatus according to claim 10, characterized in that the motors can, by means of the control
unit, be synchronized to the frequency and phase of the main network, in which case they can be

connected to it without significant current peaks.

13. Apparatus according to any of claims 10 - 12, characterized in that an instrument transformer
{308) is connected to the analog input of the frequency converter, and the frequency converter
measures its own output voltage and the voltage of a phase of the main network and communicates

the synchronization moment to the control electronics.

14. Apparatus according to any of the preceding claims 10 - 13, characterized in that the fire
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protection system is a water mist extinguishing system, more particularly a high-pressure water mist

extinguishing system.

15, Apparatus according to any of the preceding claims 10 - 14, characterized in that the pump unit
comprises a separate control unit, common to the motors and to the frequency converter, which
control unit comprises a control unit (PUC) 402 for the pump unit, connection boards (MCI) 403 for the
motor control, a connection board (FCI) 404 for the frequency converter control and input/output cards

(10C) 405.

16. Apparatus according to any of the preceding claims 10 - 15, characterized in that the control cards

communicate along a redundant bidirectional CAN bus (406).

17. Apparatus according to any of the preceding claims 10 - 16, characterized in that the control unit
is fitted such that time-critical commands, which are a synchronization command, open KF, close KD,

are generated locally in the FCl and in the MC!.

18. Apparatus according to any of the preceding claims 10 - 17, characterized in that the FCls and the
MCls are connected galvanically with conductors (501 -504) to each other via the synchronization
connectors that they contain for giving synchronization commands from an FCI to one MCI and from it

onwards to the other MCls.

19. Apparatus according to any of the preceding claims 10 - 18, characterized in that the apparatus
comprises two frequency converters, connected in parallel, which are arranged to operate such that
the first frequency converter operates in a normal operating situation, and the second frequency
converter is fitted to operate when the first frequency converter fails.



