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AMENDED

Specification of Patent of Invention for "SYSTEM AND METHOD
OF COMMUNICATION FOR ELECTRONIC APPARATUSES". '
The present invention refers to a system, capable of allowing
communication between a plurality of functional modules of an electronic ap-
5 paratus, immune to a potential failure event of the electric energy power
source in which said electronic apparatus is connected to, in order to avoid
damage to the internal components comprised by these functional modules.
The present invention also refers to a method of communication
between a plurality of functional modules of an electronic apparatus, which
10 avoids damage to the internal components comprised by these functional
modules in the event of a failure of the electric power source in which said
electronic apparatus is connected to.
PESCRIPTION OF THE STATE OF THE ART
Electronic apparatuses such as, for example, cooling equipment

15 and home appliances, normally comprise a plurality of electrical/electro-
mechanical loads and sensors, which are controlled according to a suitable
logical sequence sa that the apparatus executes the functions according to
its design specifications.

Monitoring, handling and controiling the magnitudes captured by

20 the sensors and the drive of the various loads is normally carried out by a
control unit, such as a microcontroller or microprocessor, pragrammed ac-
cording to the specific and particular characteristics of each apparafus.

Normally, said control unit should also be encompassed in a
main electronic board designed exclusively and specifically to operate cor-

25 rectly therewith. For this reason, high costs and a long time to develop the
apparatus are required, even more so bearing in mind that it has to be ap-
proved in the tests established in standards determined by national and/or
international agencies in charge of the safety of apparatuses and users,
which generally represents the critical path for the launch of a product on the

30  market.

Additionally, any changes or functional improvemnents needed in

more advanced versions or subsequent generations of the apparatus, or
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when new functions, sensors or loads are added thereto, again time and ad-
ditional costs will be needed to carry out the changes required in the control
unit and/or in the main electronic board. Further, the apparatus wili have to
be re-evaluated by the agencies in charge of product and user safety, which
5 again requires additional cost, since it will undergo fresh tests. Additionally,
the manufacturing process and adjustment/tuning routines for the apparatus

will also require major adaptations which involve high costs.
in view of the problems mentioned above, the international pa-
tent document WO 2005/106359 discloses a system for use in electronic ap-
10 paratuses, which has a modularity and expandability capacity, since it com-
prises functional modules paraliely connected to each other by means of a
power bus and a communication bus, such that additional loads and sensors

can be included in the system without the need for altering the main board or

the control unit program in a significant manner. Accordingly, the costs and
15  development timeftests relating to the improvements and functional aitera-
tions to the apparatus can be reduced, besides dispensing with the need to
submit the apparatus to new safety tests when a load or sensor is added.
However, if there is any unexpected electrical failure in the syé—
tem described in document WO 2005/106359, such as, for example, a bad
20 contact or continuity interruption, it may cause a surge in its functional mod-
ules and, thus, important system components such as the control unit, sen-
sors and/or loads may be pemmanently damaged, causing irreparable dam-
age to the apparatus and major prejudice to the user.
Therefore, there is not yet known a system that has the modulari-
25 ty and expandability capacity allied with the capacity of immunity to electncal
failures as may occur in the system.
OBJECTIVES OF THE INVENTION
Therefore, it is a first objective of this invention fo provide a sys-

tem to monitor and control multiple sensors and electronic apparatus loads,

30 which has modularity and expandability capacity, and that is also immune {o
electrical failures (eg. surges) as may occur in the system.

it is a second objective of this invention to provide a system, im-
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mune to potential electrical failures (eg. surges) as may occur, which is ca-

pable of monitoring and controlling muitiple sensors and electronic apparatus

loads, and which also has modularity and expandability, so as to dispense

with the need to submit the apparatus to fresh tests established in standards

5 determined by the agencies in charge of product safety, when the product is

altered or improved, so as to reduce time, costs and significantly simplify the
process of developing and validating the apparatus.

it is a third objective of this invention to provide a system, im-

mune to potential electrical failures (eg. surges) as may occur, which is ca-

10 pable of monitoring and controlling multiple sensors and loads of electronic

apparatuses and which also permits (allows) connection to an external infor-

mation network in a simple and easy manner, so as to enable the provision of

information (for example, diagnosis information) on the operating status of

the system’s functional modules to the external network as well as to enable
15 the partial or total control of the operating logics by the external network.

It is a fourth objective of this invention to provide a system that is
immune to potential electrical failures (eg. surges) as may occur, which is
capable of monitoring and controliing multiple sensors and loads of electronic
apparatuses, and which also permits the addition of sensors and loads or

20 functional modifications in a simple and easy manner, in order to permit the
product fo evolve rapidly with relatively reduced costs.

It is a fifth objective of the present invention to provide a method
of communication of a plurality of functional modules of an electronic appara-
tus to each other, which prevents damage to the internal components com-

25 prised by these functional modules in the event of a failure (eg. surges) in the
electric power source in which said electronic apparatus is connected to.
BRIEF DESCRIPTION OF THE INVENTION

The first, second, third and/or fourth objectives of the invention

are achieved by providing a communication system for electronic apparatus-

30  es that comprises:
- functional modules, at least one functional module having a

processing unit, at least one functional module having a controfiable device
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by the processing unit;

- at least one electric energy power supply (source) arranged to
provide alternating voltage to the functional modules at a predetermined fre-
quency,

5 - at least one power bus arranged to electrically associate an
electric energy power supply to the functional modules;

- at least one communication bus arranged to operatively asso-
ciate the functional modules in parallel to each other,

- a reference conductor shared by the power bus and by the

10 communication bus; and
- frequency filters disposed between the electric energy power

supply and the functional modules, the frequency filter being capable of per-
mitting (allowing) the passage only of frequency components of an electric
signal greater than the electric energy power supply voltage frequency,

156 the processing unit being arranged to provide at least one com-
munication signal to the communication bus, the communication signal being
capable of permitting operative interaction of the functional modules to each
other, the communication signal comprising a plurality of sets of high fre-
quency pulses, the high frequency pulses being arranged to repeat at a pre-

20 determined repetition frequency, the repetition frequency being substantially
greater than the frequency of the voltage provided by the electric energy
power supply, each set of high frequency pulses being arranged to form
{(shape) an information pulse corresponding to at least one bit of a communi-
cation protocol.

25 Therefore, the system of the present invention can expand, re-
duce and alter both the number of loads driven as well as the number of sen-
sors installed and also the working of the program (software}, without the
need for carrying out a new project and/or implement significant changes to
the original design of the product or apparatus. Said system also enables the

30 connection of a functional module of the interface kind capable of allowing
the interaction of the apparatus with an external network, such as, for exam-

ple, the Internet, for monitoring, maintenance and control. These characteris-
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tics make the invention a solution that has important advantages such as

considerable reduction in time and cost when new models and more ad-

vanced versions of the same product are launched, since it will not be neces-

sary for it to undergo fresh approval tests concerning the safety and reliability
5 requirements.

The fifth objective of the present invention is achieved through a
method of communication for electronic apparatuses, the electronic appara-
tus being provided with functional modules electrically associated to each
other by means of a single power bus. the power bus being electrically asso-

10 ciated to an electric energy power supply, the electric energy power supply
being arranged to provide alternating voltage to the functional modules at a
predetermined frequency, the method being characterized by comprising the
following steps:

i) associate the functional modules operatively to each other by

156 means of a single communication bus, the power bus and the communication
bus sharing a reference conductor;

i) provide a communication signal to the communication bus
capable of permitting operative interaction between the functional modules;

iy provide a plurality of information pulses, each information

20  pulse corresponding to at least one bit of the communication signal;

iv) provide a plurality of sets of high frequency pulses to the
communication bus which repeat at a predetermined repetition frequency, the
repetition frequency being substantially greater than the frequency of the
electric energy power supply voltage, each set of high frequency pulses be-

25 ing arranged to form an information pulse; and

v} filter the passage of frequency components of the communica-

tion signal which are lower or equal to the electric energy power supply vol-

tage frequency.
BRIEF DESCRIPTION OF THE DRAWINGS
30 The present invention will now be described in greater detail

based on the drawings:
figure 1 — illustrates a block diagram of the communication sys-
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tern for electronic apparatuses of the present invention;

figure 2 — illustrates a simplified electrical scheme of the commu-
nication system for electronic apparatuses of the present invention;

figure 3 - illustrates a graph of a communication signal between

5 the functional modules comprised by the system illustrated in figures 1 and 2,

highlighting its high frequency pulses; and

figure 4 - illustrates a graph of a communication signal between
the functional modules comprised by the system illustrated in figures 1 and 2,
highlighting just the envelope formed by the high frequency pulses illustrated

10 in figure 3.

DETAILED DESCRIPTION OF THE DRAWINGS AND OF THE INVENTION

The communication system for electronic apparatuses (equip-

ment or appliances), object of the present invention, is illustrated schemati-
cally in figure 1.

15 Said system comprises a plurality of functional modules 1, 2, 3,
4, wherein at least one functional module 1, 2, 3, 4 has a processing unit 5.
Additionally, at least one functional module 1, 2, 3, 4 has a controllable de-
vice 6, 7 which consists of a sensor 6 or a load 7 provided with a predeter-
mined impedance. The processing unit 5 preferably consists of a programm-

20  able microcontroller or microprocessor capable of controlling at least one
controllable device 6, 7, which can be disposed in any functional module 1, 2,
3, 4. Preferably, the system comprises a plurality of processing units 5 and
confrollable devices 6, 7.

Additionally, the system also comprises an electric energy power

25 supply (source) 8 arranged to provide alternating voltage to the functional
modules 1, 2, 3, 4 at a predetermined frequency. Normally, the frequency of
the signal of this supply voltage varies between 50 Hz and 60 Hz, depending
on the installation site of the electronic equipment. Obviously, other frequen-
cy values in this order of magnitude can be used, depending on the local in-

30 stallation conditions and the application of the equipment.

The functional modules 1, 2, 3, 4 are associated electrically to

each other by means of at least one power bus 9, 10 which, in turn, is ar-
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range fo electrically associate the electric energy power supply 8 to the func-
tional modules 1, 2, 3, 4. Thus, the power bus 9, 10 is responsible for con-
ducting the electrical current of the electric energy power supply 8 to the
functional modules 1, 2, 3, 4. The power bus 9, 10 comprises a phase con-

5 ductor 9 and a reference conductor 10. Preferably, the system comprises a
single power bus 9, 10, so as to reduce costs and optimize its performance,
besides simplifying and facilitating the implementation of additional functional
modules (expandability).

Additionally, the functional modules 1, 2, 3, 4 are also associated

10  operatively to each other by means of a communication bus 11, 10 arranged
so as to permit a parallel association the functional modules 1, 2, 3, 4 to each
other. The communication bus 11, 10 comprises a data conductor 11 and a
reference conductor 10. Preferably, the system comprises a single commu-
nication bus 11, 10, also in order {o reduce costs and optimize its perfor-

15  mance, besides simplifying and facilifating the implementation of additional
functional modules (expandability).

Therefore, when there is a need to implement a load or additional
sensor to the system, it will merely be necessary to connect a device of the
load kind or of the sensor kind to the power bus 9, 10 and to the communica-

20 tion bus 11, 10 and provide the program that controls the sysiem behavior
with suitable parameters and inétructions so that these additional compo-
nents can operate adequately and in a integrated manner to the system.

in this sense, apparatuses/systems with different degrees of
complexity, different numbers of loads and sensors can be controlled by the

25  solution proposed in this invention without the need for a new specific elec-
tronic control design. '

it ts important to note that the reference conductor 10 is shared
by the power bus 9, 10 and by the communication bus 11, 10.

In a preferred embodiment of the present invention, shown in

30 figure 1, the electronic equipment comprises four functional modules 1, 2, 3,
4 namely:

- a main functional module 1 which consists of the central moni-
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toring and control unit of the system. The mair:l functional module 1 is capa-

ble of periodically signaling the instant that the information packages are ap-

plied to the communication bus 11, 10, so as to instruct which functional

module 2, 3, 4 should execute an operation or transmit a datum to another

5 functional module 1, 2, 3, 4. Said functionality is made possible by the op-
| eration of the processing unit 5;

- a functional actuation module 2 having at least a load 7 which
may consist of a ventilator, lamp, electrical resistance, electro-mechanical
actuator, among others. Preferably, the functional actuation module 2 is alsd

10  provided with a processing unit 5;
- a functional measuring module 3 having at least a sensor 6

which may consist of temperature gauge, pressure gauge, vibration or acous-
tic pressure gauge, proximity sensor, among others. Preferably, the func-
tional measuring module 3 is also provided with a processing unit 5; and

15 - a functional interface module 4 arranged to permit operative
interaction between the electrohic equipment and at least a means of moni-
toring and/or external control, in order to enable local connection with an ex-
ternal equipment or remote connection by means of the Internet, infra-red,
bluetooth, Zighee, wi-fi or mobile telephone nefworks for working mainten-

20 anceftesting and/or remote control.

Therefore, the main functional module 1 periodically indicates by
way of an appropriate voltage signal, which will be explained in detail ahead,
the instant in which another functional module 2, 3, 4 should execute a de-
termined operation, such as, for example, the instant in which the electric

25  power should flow from the power bus 9, 10 to the load 7, or the instant in
which the functional measuring module 3 should inform the magnitude value
that is being measured in the sensor 6 or the instant in which the functional
interface module 4 should request information or provide information coming
from other external equipment by way of the communication bus 11, 10.

30 As can be noted in figure 2, the system also comprises frequency
filters 12, disposed between the electric energy power supply 8 and the func-
tional modules 1, 2, 3, 4, capable of permitting the passage only of compo-
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nents of an electric signal having frequencies substantially greater than the
voltage frequency of the electric energy power supply 8. Accordingly, the
frequency filters 12 have the function of indirectly protecting the functional
modules 1, 2, 3, 4 and their components and internal elements such as, for

5 example, the controllable devices 6, 7, against surges which may occur in the
power bus 9, 10. According to a preferred embodiment of the present inven-

tion, the frequency filter 12 consists of a decoupling capacitor having a spe-

cific value capable of permitting the passage only of components of an elec-

tric signal having frequencies greater than the voltage frequency of the elec-

10  tric energy power supply 8. The frequency filter 12 is associated to a resistor

16 scaled to limit the electrical current of the circuit, avoiding damage of the

components and internal elements of each functional module 1, 2, 3, 4.
Thus, the communication between the functional modules 1, 2, 3,
4 should pass through the frequency filter 12 (decoupling capacitor) appro-
15 priately scaled to permit the isolation of such high voltage levels as the vol-
tage peak (surges) coming from the electrical power source 8. Accordingly,
in the event of a failure in the connection to the power bus 9, 10, the ele-
ments and components of the functional modules 1, 2, 3, 4 will not be dam-
aged by the surges, since the current circulating through the filter 12 will be
20 relatively low, avoiding any kind of damage to the functional module 1, 2, 3,
4. Said damage would occur in an electronic circuit linked to the data con-
ductor 11, because in the event of an interruption of the phase conductor 9,
the voltage level between the reference conductors 10 and the data conductor
11 (normally to the order of 5 volts) wouid be forced to rise to a value near or
25 equal to that supplied by the electric energy power supply 8, due to the electric
current conduction through any of the connected loads 7 or sensors 6.
Concerning the way of communication between the functional
modules 1, 2, 3, 4, the processing unit § is arranged, through its program-
ming, to provide at least a cormmunication signal 13 to the communication
30 bus 11, 10 so as to permit the operative interaction of the functional modules
1, 2, 3, 4 to each other. More specifically, the processing unit 5 is provided
with a data output terminal 19 arranged to send the communication signal 13
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to other functional modules 1, 2, 3, 4. Additionally, the processing unit 5 is
provided with a data input terminal 20 arranged fo receive the communication
signal 13 from the other functional modules 1, 2, 3, 4.

As can be seen in figure 3, the communication signal 13 com-

5 prises a plurality of sets of high frequency pulses 14 arranged to repeat at a

predetermined repetition frequency which should be substantially greater

than the voltage frequency provided by the power supply, that is, the value of

the repetition frequency of the high frequency pulses 14 shouid consist of a
substantially greater value than 60 Hz, preferably in the order of kHz to MHz.

10 Each set of high frequency pulses 14 is arranged to form (shape)

an information pulse 15 corresponding to at least one bit of a pre-established
\ communication protocol, that is, the information pulse 15 effectively consists
of the datum (bit) that a determined functional module 1, 2, 3, 4 sends to
another functional module 1, 2, 3, 4. It is important to note that the set of in-
15  formation bits forms an information package that obeys the communication

protoco! mentioned previously.
In figure 3, the information pulse 15 consists of the dotted line

curve which externally involves the high frequency pulses 14 represented by
the continuous line curve on the graph. Figure 4 illustrates an example of the
20 information pulses 15 which obey a predetermined specific communication
protocol established by the program executed by the processing unit 5.
Hence, the information pulses 15 which form the information
package are formed by the voltage modulation applied between the data
conductor 11 and the reference conductor 10. This modulation consists of
25 the variation in voltage between maximum and minimum levels in a sufficient-
ty high frequency to allow clearly distinction from the digital pulses (voltage
envelope) which form the information package.
Accordingly, the interaction between at least two functional mod-
ules 1, 2, 3, 4 allows the exchange or bidirectional digital information flow
30 between them, enabled by means of sequential voltage envelopes (informa-
tion pulses 15) which comprise high frequency pulses 14 controlled through

the program (software) executed by the processing unit 5.
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Concerning the hardware, as per figure 2, the functional module
1, 2, 3, 4 has a capacitor 21 and a resistor 22 associated to each other to
support the communication signal 13, in order to permit the formation of the
voltage envelope. Additionally, the functional module 1, 2, 3, 4 is also pro-

5 vided with a set of rectifying diodes 23, 24 capable of permitting the provision
of the communication signai 13 to the data input terminal 20.

Also seen in figure 2, the functional module 1, 2, 3, 4 comprises
a continuous voltage source 18 capable of electrically powering its compo-
nents and internal elements. This continuous voltage source 18, in turn, can

10 be powered by a rectified electric signal of the communication signal itself 13
and/or of the alternating mains voitage coming from the electric energy power
supply 8. '

Therefore, the hardware-software combination of the system re-
vealed by the present invention permits the formation of the communication

15 signal 13, as well as the operative interaction of the functional modules 1, 2,
3, 4 to each other.

The method of communication executed by the system above
described is also the object of protection of the present invention and com-
prises the following steps:

20 i) associate the functional moduies 1, 2, 3, 4 operatively to each
other by means of a single communication bus 11, 10, the power bus 9, 10
and the communication bus 11, 10 sharing a reference conductor 10;

ii) provide a communication signal 13 to the communication bus

11, 10 capable of permitting operative interaction between the functional
25 modules 1, 2, 3, 4;

i) provide a plurality of information pulses 15, each information
pulse 15 corresponding to at least one bit of the communication signal 13,

iv) provide a plurality of sets of high frequency pulses 14 to the
communication bus 11, 10 which repeat at a predetermined repetition fre-

30 quency, the repetition frequency being substantially greater than the frequen- -
¢y of the electric energy power supply voltage, each set of high frequency
pulses (14) being arranged to form an information pulse 15; and
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v) filter the passage of the frequency components of the commu-
nication signal 13 which are lower or equal to the voltage frequency of the
electric energy power supply 8.

It is important to underline that in conventional communication

5 systems and methods, the voltage pulse consists of the voltage envelope
itself (information pulse 15), that is, the voltage envelope does not comprise
high frequency pulses arranged to repeat at a high frequency, such that each
voltage pulse represents the bit itself (information) the user wishes to trans-
mit. Accordingly, in conventional communication systems, it is not possible

10 to implement the frequency filter, as it would filter information data (bits),
which is obviously undesirable.

For example, considering a conventional communication system
that comprises a plurality of functional modules, if there is a contact failure or
continuity loss in the phase conductor of the power bus, a high voltage (eg.

15 110V or 220 V) will arise between the phase conductor 9 and the reference
conductor 10 in all the functional modules still connected to the power supply,
which may damage its components and internal elements, since the system
does not have immunity capacity.

in contrast, an important characteristic of the system of the

20 present invention is ifs immunity to any installation failures and contact de-
fects in the power bus due to the presence of the frequency filter 12, which
can be suitably implemented in the system without compromising the correct
working thereof, since the communication (information flow) between.the
functional modules 1, 2, 3, 4 is by means of high frequency pulses, as de-

25  scribed previously.

Accordingly, the present invention provides in an unprecedented
fashion said immunity characteristic allied with its modular and expandability
capacity, besides enabling the monitoring/external control by local and/or
remote equipment.

30 Having described an exemplary preferred embodiment, it should
be understood that the scope of the present invention encompasses other

possible variations, being limited only by the content of the claims appended
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hereto, potentiat equivalents being included therein.
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CLAIMS

1. Communication system for electronic apparatuses, the system
comprising:

- functional modules (1, 2, 3, 4), at least one functional module

5 (1,2, 3, 4) having a processing unif (5), at least one functional module (1, 2,
3, 4) having a controllable device (6, 7) by the processing unit (5);

- at least one electric energy power supply (8) arranged to pro-
vide alternating voliage to the functional modules (1, 2, 3, 4) at a predeter-
mined frequency;

10 - at least one power bus (9, 10) arranged to electrically associate
the electric energy power supply (8) to the functional modules (1, 2, 3, 4);

- at least a communication bus (11, 10) arranged to operatively
associate the functional modules (1, 2, 3, 4) in parallel to each other; and

- a reference conductor (10) shared by the power bus (9, 10) and

15 by the communication bus (11, 10),

the system being characterized by comprising frequency filters
(12) disposed between the electric energy power supply and the functional
modules (1, 2, 3, 4), the frequency filter (12) being capable of permitting the
passage only of frequency components of an electric signal greater than the

20 electric energy power supply voitage frequency,

the processing unit (5) being arranged to provide at least one
communication signal (13) to the communication bus (11, 10), the communi-
cation signal (13) being capable of permitting operative interaction between
the functional modules (1, 2, 3, 4), the communication signal (13) comprising

25 a plurality of sets of high frequency pulses (14), the high frequency pulses
(14) being arranged to repeat at a predetermined repetition frequency, the
repetition frequency being substantially greater than the voltage frequency
provided by the electric energy power supply, each set of high frequency
pulses (14) being arranged fo form an information pulse (15) corresponding

30 to at least one bit of a communication protocol.

2. System according to claim 1, characterized in that the controll-

able device (6, 7) by the processing unit (5) consists of a sensor (6) or a load
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(7.
3. Systemn according to any of the preceding claims, characterized by

comprising a single power bus (8, 10) arranged to electrically associate an electric
energy power supply (8) to the functional modules (1, 2, 3, 4).

5 4. System according to any of the preceding claims, characte-
rized by comprising a single communication bus (11, 10) arranged to opera-
tively associate the functional modules (1, 2, 3, 4) to each other.

5. System according to any of the preceding claims, characte-
rized in that the frequency filter (12) consists of a decoupling capacitor having
10  a specific value capable of permitting the passage only of components of an
electric signal having greater frequencies than the electric energy power
supply voltage frequency.
6. System according to any of the preceding claims, characte-
rized in that the functional module (1, 2, 3, 4) consists of a functional inter-
15 face module (4) arranged to permit the operative interaction between the
electronic apparatus and at least one means of monitoring and/or external
control.
7. System according to any of the preceding claims, characte-
rized in that the functional module (1, 2, 3, 4) comprises a continuous voltage
20  source (18) capable of electrically powering its components and infernal ele-
ments, the continuous voltage source (18) being powered by a rectifled elec-
tric signal of the communication signal itself (13) and/or of the alternating vol-
tage coming from the electric energy power supply (8).
8. Communication method for electronic apparatuses, the elec-
25 tronic apparatus being provided with functional modules (1, 2, 3, 4) electrical-
ly associated to each other by means of a single power bus (9, 10), the pow-
er bus (9, 10} being electrically associated to an electric energy power supply
(8), the electric energy power supply (8) being arranged to provide alternating
voltage to the functional modules (1, 2, 3, 4) at a predetermined frequency,
30 the method comprising the following steps:
/) associate the functional modules (1, 2, 3, 4) operatively to each

other by means of a single communication bus (11, 10), the power bus (9,
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10) and the communication bus (11, 10) sharing a reference conductor (10);
i} provide a communication signal (13) to the communication bus
(11, 10) capable of permitting operative interaction between the functional
modules (1, 2, 3, 4); and |
5 iii) provide a plurality of information pulses (15), each information
pulse (15) corresponding to af least one bit of the communication signal (13),
the method being characterized by comprising the following
steps:
iv) provide a plurality of sets of high frequency pulses (14) to the
10 communication bus (11, 10) which repeat at a predetermined repetition fre-
quency, the repetition frequency being substantially greater than the frequen-
cy of the electric energy power supply voltage, each set of high frequency
puises (14) being arranged to form an information pulse (15); and
v) filter the passage of frequency components of the communica-
15 tion signal (13) which are lower or equal to the electric energy power supply

voltage frequency.
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