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Specification of Patent of Invention for "A SYSTEM AND METHOD
OF REMOTELY CONNECTING AND DISCONNECTING THE AUXILIARY
POWER SUPPLY OF A FREQUENCY INVERTER FOR VARIRABLE CA-
PACITY COMPRESSOR EMPLOYED IN COOLING SYSTEMS".

5 The present invention refers to an electronic control system and
method of a compressor, which remoteiy connects and disconnects the auxil-
iary power supply used in frequency inverters employed fo drive variable ca-
pacity compressors in cooling systems, with the purpose of reducing the con-

sumption of electric energy during compressor downtime, and consequently
10  enhancing the efficiency of the cooling system.
| Background of the Invention
In order to mest the most demanding requirements of energy ef-
ficiency and cooling, domestic and commercial cooling systems have the op-
tion of using variable capacity compressors, which allow the adjustment of
15  the cooling capacity by varying the speed of pumping the coolant gas (that is,
the mass flow), in accordance with the system's need and its demand for
cooling.
Said variable capacity compressor performs the excursion of a
minimum value of mass flow to a maximum value by varying the rotation of
20 ils motor. Rotation variation ie obtained by means of an electronic control
called frequency inverter, which adjusts the voltage and the frequency ap-
plied fo the motor.
Said frequency inverter is composed of various electronic circuits
having distinct functions, such as, for example, a power circuit that has an
25 input stage for electromagnetc interference filtering and a stage calied
"oridge rectifier" for converting the alternating current of the power grid to
continuous voltage, a control circuit (microcontroller or DSP — Digital Signal
Processor), an auxiliary power supply for generating internal voltages for the
other circuits or componenis of the inverter, a circuit formed by power semi-
30  conductors to drive the electric motor employed in the compressor, among
others.
Figure 1 shows, in simplified form, the main components of a fre-
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auency inverter according to the state of the art, applied to variable capacity
compressors 80, Cennected to the frequency inverter are an alternating cur-

rent power grid 50 and a thermostat of the cooler at its inputs, and the com-
pressor at its output, whose running it controls, The main components of the

5 power circuit 11 of the inverter are the electromagnetic Interfererce filler, a
diode bridge rectifier. the CB bus capacitor and the three-phase inverter
bridge. The voltage on the CB capacitor is the result of reclification of the
input alternating current, forming the CC bus of the inverter, to which there is
connected an auxiliary voltage supply. This supply is responsitile for provid-

10 ing the feed voltage to the other components of the inverter, such as com-

mand, communication and control circuits of the frequency inverter, convert-
ing tne continuous high voltage, generated on tne CC bus of the power cir-
cuit, into continuous low amplitude voltage, suitable for feeding these com-
ponents, Once these subcircuits are powered up, they work as usual, and the

15  command signal is received from the thermostat, which is interpreted by the
contral circuit which drives the inverter bridge and monitors the electrical
magnitudes of the comprassor in order to conirol it. It can be seen in figure 1
that tha auxiliary power supply is permanently connected to the CC bus, con-
suming energy, regardless of the status of the compressor (on or off).

20 The auxiliary power supply may employ high frequency energy
conversion methods, commonly called "SMPS" — Switched Mode Power
Supply, or low frequency methods, such as linear supplies and capacitive
supplies. Regardless of the topology of the auxiliary power supply, in the
state of lhe art it is continuously connected to the CC bus, whether or not the

25 compressor is running. Unless the inverter is disconnected from the alternat-
ing current of the power grid, this supply will be continually consuming ener-
gy, of a few Wh (Wat-hour) or hundreds of mWh (milli-Watt-hour). The con-
sumption of energy during compressor downtime is called "Stand-By Con-
sumption” and its function can basically be resumed in maintaining the con-

30 trol circuit of frequency irverter prepared to drive the compressor again in a
new cooling cycle of the coeling system.

The stand-by consumption, though small comparad to the con-
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sumption of energy while the compressor Is operating, is considered undesir-
able since it represents a waste of energy for a time interval in which the
cooling system compressor is not performing its main function of removing
heat from the cooling system by meovement and compression of coolant gas.
The stand-kby consumption of the frequency inverter is, therefore, a source of
cnergy losses in a cooling system, as it is an absolutely dispensable waste.

With the objective of increasing the efficiency of cooling systems,
in the state of the a-t, the frequency inverter is disconnected from the power
grid whenever the compressor is inactive, disconnecting the auxiliary power
supply and eliminating the stand-by consumption This method employs
switches, such as relays or electro-mechanical thermostats, or semiconduc-
tors. In both cases', the switches are dimensioned to be able fo withstand the
input electric current of the frequency inverter, of high amplitude when the
comrpressor is in operation, In the case of using relays, there is also the
drawback of having consumption by this relay during the interval in which the
comprassor is active, whereby minimizing the gain obtained by disconnecting
the inverter from the power grid and consequent elimination of the stand-by
consurption. Further, disconnection by relay, when performed by another
electronic control present in the cooling system (contrel referred to as "elec-
tronic thermostat™), requires that this second control have an oversized the
electronic circuit, such as, for example, the presence of a digital output to
drive the relay, the relay itself, and a power supply capable of driving this re-
lay during the interval in which the compressor is in operation. In contrast, the
use of semicorductors, such as TRIACs, to interrupt the feed of the ‘requen-
cy inverter, also has the drawbacks of conduction losses and the need to
oversize this samiconductor to withstand the initial charge current from the
CB bus capacitor of the inverter (in-rush current).

Figures 2a, 2b and 2c represent arrangements of the inverter ac-
cording to the state of the art. As will be noted in the descriptions ahead, in
none of the cases is the command signal, or the physical interface means
(cables) between the inverter and an external thermostat, used to disconnect
the auxiliary sunply of the invertar.
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Figure 24 represents a cooling system arrangement 1, wherein
an electronic thermostat 2 has a control circuit 4 responsible for defining the
operating status of the compressor. The clectronic thermostat sends com-
mand sighals to the frequency inverter 3 through the cables 8. The inverter

5 has a circuit 5 responsible for recefving the signal from the thermostat and
adjusting it to interpret the control circuit 8, which conlrols the operation of
the compressor, which can be called communication unii. In this arrange-
ment, the command signal of the thermostat may assume different formats,
according to the communication protocol of each manufacturer of coolirg

10 systems. For example, it is possible to send a frequency signal proportional
to the rotation which is desirable for the compressor, a certain frequency val-
ue or the absence of a signal (zero) to keep the compressor disconnected,
among others. It is noted that this cooling system has a cable 8 for communi-
cation between the thermostat and the communication circuit 5. This connec-

18 tion is used by the thermostat to send operation control signals of the com-
pressor, for example, references for frequency and amplitude from the feed
signal of the compressor. Although the figure shows two links between the
thermostat and the communication circuit, one is the reference (zero) and the
other is the signal itself, to the extent that there is only one cable.

20 Figure 2b shows another arrangement of the compressor control
system according to the state of the art, in which the control circuit 4 of the
efectronic thermostat 2 drives a switch 9 to send to the input circuit & of the
frequency inverter a voltage signal referenced to the power grid. In other
words, the control circuit 6 of the frequency inverter 3 receives pulses with

25  the same frequency of the power grid. The thermostat sends to the commu-
nication input circuit 5 both a signal to command the connection/ disconnec-
ticn of the compressor, and command signals obtained by modulating the
switch 9, though the |atter are less usual. The switch 9 may be both an elec-
tre-mechanical relay contact and a semiconductor referenced to the power

A0 grd, and vsually it is maintained open when it is desirable for the compressor
to be disconnected.

Figure 2¢ shows a simpler arrangement of the compreseer con
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trol system according to the state of the art. Here, the thermostat 10 is not
electronic, but of the electro-mechanical kind. The thermostat has a contact
that is ¢closed when the temperature of the cooling system rises above the
reference value. In this arrangement, the contact of the electro-mechanical
thermostat is open whenever it is desirahle to keep the compressor discon-

L[]

nected. Both in this arrangement, as in that of figure 2b, the rotation of the
motor inside the compressor is adjusted by the frequency inverter and not by
the thermostat. The only command from the thermostat is to connect or dis-
connect the compressor. In figure 2a and potentially in figure 2b, the thermo-

10 stat sends to the inverter both a signal to connect or disconnect the com-
pressor, and also command signals to control the frequency and/or a feed
voltage of the compressor.

In all the arrangements described in the state of the art, the fre-
guency inverter is permanently connected to the alternating current power

15  grid through the cable 7. Therefore, even if the compressor is disconnected,
the CB capacitor ¢f the CC bhus, shown in figure 1, is charged with the recti-
fied voltage from the power grid and the auxiliary power supply of the inverter
will be consuming a quantity of energy to keep the contrel, communication
and command circuits of the inverier running, prepared to reconnect the

20 compressor in a subsequent command to connect the thermostat.

Figure 3 is a graph that shows the input power of the frequency
inverter using control systems also from the state of the art. In this graph, two
power levels can be seen, one about 40W which occurs when the compres-
sor is connected, and another about 0.7W during stand-by, that is, in the in-

25 tervals in which the compressor is disconnected. In order to reduce energy
consumption and increase the efficiency of the cooling system, it is desirable
to reduce drastically this value of 0.7W. In the systems of the state of the art
with a consumption behavior such as that illustrated in figure 3, the average
available power is 24Wh (40W at peak, with working cycles of 60% - cycle of

30 80 minutes, in which the compressor remains connected for 36 minutes). It
the stand-by consumption were reduced to 0.1W, there would be a gain of
0.24Wh in average consumption, representing an improvement of 1% in the

Amrended spacification for WO napry — P183245.PCT - CT/BRZ012/000026_cksan

Duration: 31.07.2013 21:48:44 - 31.07.2013 22:10:14. This page 9 of AMENDED SHEET 55
Received at the EPO on Jul 31, 2013 22:10-14. Page 9 of 59 SRR




[ ]
Lia
T
LT
M~

[N}
[

NIV
PCT/BR 2012/000 036 - 31-07-2013

efficicncy of the system.

Figura 4 illustrates a circuit of the state of the art which attempts
to eliminate the stand-by consumption of the inverter, using an arrangement
in which the frequency inverter 3 is no* permanently connected to the aller-

5 natirg current power gric. Here, the phase or the neutral of the power grid is
disconnected from the inverter by way of the switch 9 present in 1he thermo-
sfat 2 This swich may be a contact of an electro-mechanical relay or a sem-
iconductor of the TRIAC kind. ard it is commanded to open the feed of the
inverter whenever it is necessary to disconnect the compressor, When the

10 compressor motcr has to be connecled, lhe inverter is again connected to
the power grid by closing the circuit by way of the switch. Then, the com-
mand for defining the rotation of the motor irside the compressor is sent from
the thermostat 2 to the inverter through the cable 8 which is a separate con-
nection from the one that connects and disccnnects the inverter. There are

1€ also other arrangements similar to the one illustrated in figure 2c, in which
the thermostat sands ¢commands only to eonnect or disconnect the inverter,
while it controls the rotation of ‘he motor. However, in the Iatter cases. there
mtst be a non-volati.e memory in the inverter, so tha' it memorizes the prior
operating status of the comoressor in order to define a rotation status socon

20  after powerng up the inverter.

The solutions of the state of the art to eliminate the stand by
censumption provide an unsatisfactory efMliciency gain, and need to use more
expensive components. In cases where the feed of the inverter is interrupted
by an eleciro-mechanical relay contact, there will be consumption by the

25  bobbin of the relay ir tne intervals in which the compressor is connected.
Thus, considering the conventional consumption of a relay at 260 W, the
gain for a cocling system wth operatng behavior similar to that of figure 3,
will be 0.124 Wh, or 0.52%. More significant than this ditterence ie the cost
for the solution with relay, because besides the thermostat itself, it will have
30 to have a voltage supply with this additional capacity of 250 mW. On the oth-
er hand. in a case where the feed of the inverter is removed by a TRIAC

semiconductor thare will be losses oy corduction in this component in the
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intervals in which the compressor is operating. Considering that the RMS
input current of the inverter is 0.3 A (40 W, 230 V, power factor of 0.58), the
loss by conduction of a TRIAC will be about 360 mW, that is, the gain for a
cooling system with an operating behavior similar to that ¢f figure 3 will be
less than 0.10Wh, or less than 0.4%. And just as in the case of the relay,
there will also be the cost of a TRIAC, of its command circuit, and of a poten-
tial form of heat dissipation, since the conduction losses may overheat the
TRIAC when the compressor demands greater powers and currents from the
power grid.

Objectives of the invention

The objective of tne present invention is to provide a system and
an electronic control method of a variable capacity compressor which drasti-
cally reduce the enargy consumption of the inverter during stand-by when the
compressor i down. Therefore, there is a rise in the efficiency of the cooling
system with variable capacity compressors, enabling the achievernent of the
higher levels of efficiency demanded by the market,

It is also an objeclive of the invention to provide an elactronic
control system of a variable capacity compressor that uses low capacity
components to conduct the electric current, reducing implementation costs,

Another objective of the invention is to provide an electron.c con-
trol system of a variable capacity compressor capable of disconnecting and
reconnecting the auxliary power supply of the frequency inverter by way of
the same physical means currently employed to transmit to the frequency
inverter a control signal of the compressor motor, without the need to alter
the hardware of the current thermostat solufions
Brief description of the invention

The objectives of the invention are achieved by means of an
electronic conirol system of a variable capacity compressor, comprising an
inverter that receives external control signals, and generates signals to drive
the compressor, and the inverter has:

a power circuit for adjusting the feed voltage of the compressor,
with a feed input for alternating current, a continuous voltage bus and a vari-
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able frequency and amplitude voltage output for feeding the compressor,

at least one internal processing circuit, and

an auxiliary power supply that provides voltage to the internal cir-
cuits of the inverter, assuring feasibllity of the running theraof,

the inverter also comprises a circuit breaker with a first input that
receives from an internal processing circuit of the inverter an external signal
to activate the auxliary power supply, a second input that receives from an
internal processing circuit inverter a maintanance signal to activate the auxil-
rary power supply and an output connected te an input of the auxiliary power
supply,

and when the external activation signal indicates that the auxilia-
ry power supply should be disconnected, the circuit breaker enables the run-
ning of the auxl'ary power supply, which activates the running of the inverter,
and the internal processing circuit of the inverter begins sending, continually,
tha internal maintenarnce signal to activate the auxiliary power supply to the
circuit breaker, indicating that the auxiliary supply and, when necessary, also
the compressor should be kept running, and making the circuit breaker keep
the auxihary power supply enabled,

when the external signal to activate the auxiliary supply indicates
that the auxiliary supply should be disconnected, and the internal processing
cireuit of the inverter siops sending the maintenance signal to activate the
auxiliary power supply to the circuit breaker, the circuit breaker disables the
auxiliary power supply, deactivating the running of the inverter and when ap-
plicable, the compressor as well,

The input of the auxiliary power supply connected to the oulpul of
the circu't breaker can be an enable input, and the auxiliary power supply
also has a feed input connected to the continuous voltage bus of the power
cireut, and when the signal to activate the auxiliary supply indicates that the
compressor shouid be connected, the circuit breaker sends an activation sig
nal o the enable input of the auxiliary power supply that activales the auxilia-

ry power supply.
Alternatively, the input of the auxiliary power supply connected to
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the outpuf of the circuit breaker can be a feed input, and then the circuit
breaker also comprises a third input connected to the continuous voltage bus
of the power circuit, and when the signal to activate the auxiliary supply indi-
cates that that of the auxiliary supply shouid be connected, the circuit breaker
5 establishes an electrical connection between the feed input of the auxiliary
power supply and the continuous voltage pus of the pewer circuit, feeding
and activating the auxiliary power supply, the electrical connection betwaen
the auxiliary power supply and the continuous voltage bus is maintained
while the gircuit breaker receives the signal to maintain the auxiliary supply

10 activated.

Preferably, the inverter alsc comprises, as internal processing
circuits, a communication unit and a control block, wherein:

the communication unit has an input that receves the external
control signals to connect or disconnect the auxiliary suppiy, an output con-

15 nected to the conirol block for sending the operation control signals of the
compressor, an output connected to the first input of the circuit breaker, for
sending the signal fo activate the auxiliary supply, and an additional feed
connection with the power circuit that feeds and keeps the communication
unit activated, when the auxiliary power supply is disconnected,

20 Ihe control block has an input for receiving the control signals of
the compressor sent by the communication unit, and interpreting them, an
output for sending to the power circuit a command signal to adjust the feed
voltage of the compressor, and an output for sending to the circuit breaker of
the signal to maintzin the auxiliary supply activated, during the period in

25 which the supply should remain connected.

The input of the commurication unit that receives the extemal
control signals (o connect or disconnect the power supply is preferably con-
nacted to a thermostat that sends these control signals to connect and dis-
connect the compressor. The thermostat may also send to the communica-

30  tion unit operaticn control s'gnals of the compressor by the same means of
connection used to send the conlicl signals to connect and disconnect the
awahary supply and the compressor, and the communication unit can send to

AmEndeT SpECIICAN0N 10 WO feply — P1E3243-PCT — PCT/BR202I0OC)_dean

Duration: 31.07.2013 2148 44 - 31.07.2013 22.1014. This page 14 of AMENDED SHEET 2013 21:54:13
Received at the EPO on Jul 31, 2013 22:10:14. Page 14 of 59




10

16

20

25

30

N2 6484

J

PCT/BR 2012/000 036 - 31-07-2013

10

the control block the operation control signals of the compressor suitable for
interpretation, and when the control block sends to the circuit breaker the
maintenance signal indicating that the supply should be kept connected, the
thermostat may send to the communication unit only operation control signals
of the compressor,

The confrol block preferably comprises a control circuit and a
commangd circuit, and the controi circuit receives the signals from the com-
munication unit, eends the maintenance signal to the circuit breaker, serds
the control signal to the command circuit, receives electrical magnitudes from
the compressor and monitors its running, and the command circuit sends a
command signal to the power circuit, the control circuit and the command
circuit also both receive a feed vo'tage from the auxiliary power supply.

The power circuit preferably comprises an electromagnetic inter-
ference filter connectad to the alternating current input, a wave rectifier con-
nected to the filter output, a bus capacitor connected in parallel with the recti-
fier and an inverter bridge connected in parallel to the bus capacitor and at
the veltage output of the power circuit, and the circult breaker may be con-
nected at any point of the ¢ontinuous voltage bus of the power circuit.

The thermostat may alterpatively send to the communication unit
enly external conlrol signals to connect or disconnect the comprassor and not
send operation control signhals of the compressor. [n this case, the control
block will control the operation of the compressor preferably based on past
operating records. Therefore, the system according to the invention may
comprise a non-volatile memory thal slores the past operating records of the
COMprassor.

The objectives of the invention are also achicved by way of an
electronic control method of a variable capacity compressor, by means cf a
system that comorises an inverter that controls the operation of the compras-
sor, tne Inverter having a power circuit for adjusting the feed voltage of the
compressor, at least one internal processing circuit, an auxiliary power sup-
ply powered by the power circuit, that sends internal feed signals of the In-
verter and activates its running, and the circuit breaker to activate tha auxilia-
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ry power supgly. wherein the method comprises the following steps:

- send to the circut inverter an external command signal to con-
nect the auxiiary supply and, if necessary, the compressor;

- in response to the exlernal command signal, an internal pro-
cessing circuit of the inverter sends to the circuit breaker an external signal to
activate the auxi'iary supply indicating that the auxiliary supply should be
connected,

- the: circuit breaker enables the running of the auxiliary power
supply,

- the auxiliary power supply provides feed voltage to the compe-
rents of the inverler, activating its running,

- the inverter begins sending a signal to maintain the auxiliary
supply ‘o the clrcuit breaker activated, during the period in which the auxiliary
supply shoud remain connected, ana, if necessary, control signals to the
compressor to control its operation;

- when the auxiliary supply has to ba disconnected, send to the
inverter an external command signal to disconnect the auxlliary supply and
the compressor, if it 1s connected,;

- the circuil inverter disconnects the compressor. it it is connect-
ed, and sends to the circuit breaker a deactivation signa. indicating that the
auxiliary supply should be disconnected and the circuit invarter stopa serding
the signal to maintain the auxiliary supply to the circuit breaker activated,

- the circuit braaker disatles tha running of the auxiliary powe!
supply, deaclivaling the running of the inverter.

The auxiliary power supply may have an enable input connected
to the output of the circuit breaker, and a feed output connected to the con-
tinuous voltage bus of the power circuit, and in the step in which the circuit
breaker enanles the running of the auxiliary power supply, the circuit breaker
sends an activation signal to an enable input of the auxiliary powér aupply
which activates the auxiliary power supply.

Alternatively, the auxiliary power supply has a feed input con-
nected to the outpal of lhe circuit breaker, and the ¢lreuit breaker comprises
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an input connected to the continuous voltage bus of the power circuit, and in
the step in which the circuit breaker enables the running of the auxiliary pow-
er supply, the circuit breaker establishes an electrical connection between
the feed input of the auxiliary power supply and the continuous voltage bus of

5 the power circuit, feeding and activating the auxiliary power supply, the elec-
trical connection betwaen the auxiliary power supply and the continuous volf-
age bus is kept while the circuit breaker receives the maintenance signal to
activate the auxiliary supply.

Preferably, an external thermostat of the inverter sends to the in-

10 verier the command signal to connect and disconnect the inverter, and more
oreferably, the thermastat also sends to the circuit inverter operation control
signals cf the compressor,

The circuit inverter may comprise, as intemal pracessing circuits,
a communication unit and a centrol block, wherein:

15 the communicaticn unit performs the steps of receiving the ex-
ternal command signal to connect or disconnect the power supply, adjusting
these signals for interpreting the contral block, and sending to the circuit
breaker the signal o activate the auxiliary supply indicating that the auxiliary
supply should be connected,

20 the control block performs the steps of receiving and interpreting
the contral signals of the compressor sent by the communication unit, send-
ing to the power circuit a command signal to adjust the feed voltage of the
compressor, sending to the circuit breaker the signal to maintain the auxiliary
supply activated during the period in which the auxiliary supply should remain

26  connected, receiving electricai magnitudes of the compressor and monitoring
its running.

Preferably, while the cortrol block sends to the circuit breaker the
signal to maintain the auxiliary supply activated, the thermostat sends 1o the
communication unit only operation control signals of the compressor.

30 Alternatively, the thermostal sends the communication unit only
external control signals 10 connect or disconnect the compressor, and then
there is performed a step of storing the past operating records of the com-
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aresscr ir a non-volatile memory
Summarized description of the drawings

The present invention will now be described in greater detail
based on the drawings. The figures show:
Figure 1 — illustrates, by way of block diagrams, the main circuit components
of a frequency inverter employed in electronic control systems of the state of
tre art for vanable capacity compressors in cooling systems;
Figures 7a, ?b and 2c - illustrate, by way of block diagrams, the connections
bctween the frequency inverter and the electronic or electro-mechanical
thermostat used in the eiectronic control systams of the state of the art;
Ficure 3 = is & graph that shows the energy consumption in an operating cy-
cle of the compressor using contro! systerns also from the state of the art,
and demonstrating the residual consumption during compressor downtime;
Figure 4 — illustrates an arrangement of a circuit of the state of the art that
attempts to alimnate the residual consurrption of electric energy of the in-
verter;
Figurc & — illustrates a block diagram of lhe system remote connecticn and
disconnection of the auxiliary power supply of a frequency inverter for varia-
ble capacity compressor empioyed ‘n cooling systems, according to the in
vention:
Figure 6 = ilh.strates a first embodiment of circuit arrangement comprised in
the system accorcing to the invention:
Figure 7 — lllustrates a second cmbodiment of circuit arrangement comprised
in the system according to the invention;
Figure 8 -illusirates a third embediment of circuil arrangement comprised in
the system according 10 the invention;
Figure 9 — shows the voltage graphs of components of the systoem according
to the invention between the moments of connecting and disconnecling he
auxiiiary powser supply; and
Figure 10 — shows a flow chart of a preferred embodiment of the methad ac-
cording to the invention.
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Detailed description of the drawings
Figure 5 illustrates the present invention in the form of a block di-

agram of its components. The system of remote connection and disconnec-
tion of auxiliary power supply of frequency inverter is used in inverters for
variatle capacily compressors 60 used in cooling systems, As can be seen in
figure 5, the system according to the invention comprises an inverter 3 that
has as compenents a power circuit 11 and internal processing circuits to
drive the inverter. .

The power circuit 11 serves to adjust the feed voltage of the
compressor 60 and the frequency of the feed signal, and is similar to the
models used in the systems of the state of the art and described at the be
ginning of this report. This power circuit has a feed input for alternating cur-
renf which is connected to a power source 50, normally an alternating current
source. In general, this input is connecied directly to the power grid that pro-
vides an AC voltage, The power circuit also has a voltage output conrected
to the feed input of the compressor 60, such that the power circuit essentially
acts as an AG input voitage converter for variable ampiitude and frequency
output voltage depending on the conditions in which the compressor has to
operate. To perform this function, the power circuit preferably comprises an
electromagnetic inferference filter 12 connectad to the alternating current in
put, a wave rectifier 13, which may be a bridge recfifier, connected to the fil-
ter output, @ CB bus capacitor connected in paraliel to the output the rectifier,
and an inverter bridge 15 {which may be three-phase) with the input cen-
nected in parallel to the CB bus capacitor, and with the output connected to
the voltage cutput of the power circuit. When the circuit is in operation, inter-
ference and ncise fram the AG input voltage appliec to the circuit are attenu-
ated by the electromagnetic interference filter 12. Thereafter, the AC voltage
Is rectified by the wave rectifier 13 and energy is accumulated in the CB bus
capacitor, forming, at this point, a CC bus in the circuit from which other
components of the circuit inverter will be fed. The output of the power circuit
11 is controlled from the inverter bridge 15 which regulates the voltage ap-
plied to the compressor.
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One of the nternal orocessing circuts of the inverier of the sys-
tem according to the Invention consists of a communication unit 16 of the
inverter which performs the communication between the frequency inverter
and other elements of the cooling system that control and rronitor the run-

5 ning of the compressor motor. The communication unit 16 then receives con-
trol signals external to the inverter to connect or disconnzact the power supply,
and potentially also to connect/disconnect the compressor, and adjusts them
far inferpreting a control block which is also one of the internal processing
cireuits that make up the frequency inverter. The communication vnit 16 also

10 receives operation confrol signals of the compressor, relating to frequency
and to the signal amplituce which should be applied to the compressor mo-
tor, and signals with parameters of the cooling system or of the compressor,
out these signals can be sent to the inverter without the need to connect the
COMpressor motor.

15 The control block is responsible for receiving and interpreting
cortroi sigrals from the compressor gent by the communication unit, and
sending to the power circuit a command signal to adjust ‘he feed voltage of
the compressor. The ¢ontrol biock comprises a control circuit 17 and a com-
mand circuit 18. The control cireurt 17 (generally a microcontroller or DSP —

20 Digital Signal Procassor) receives signals from the communication unit both
to connect and disconnect the auxiliary power supgly and the comprassor,
anc operation control signals of the compressor. This centrol circuit intarnally
processes he signals received from the communication unit 16 and sends a
contral signal to the command circuit -~ 8. The control circuit 17 also receives

25 signais from the sower circurt by means of which it menitors electrical magni-
tudes of tha comprassor, in order to control its running. The command circuit
receives the signal from the control circuit and sends a command signal to
the power circuit 11, driving the inverter bridge.

Each of these internal components of tie inverter, namely the

30 communication unit 16, the control ¢ircuit 17 and the command circu't 18 has
an input for feed vel:age which receives from an auxiliary power supply of the

inverler 19, a feed vollage signal, by means of which these components are
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powered up to run normally. The auxiliary power supply 18 converts lhe con-

tinuous high voltage, generated on the CC bus of the power circuit, in contin-

uous low amplitude voltage suitable for feeding the camponents of the invert-

&". This source 19 is connected and disconnected remrotely by the systern of

5 remote conngcticn and disconnection of the auxiliary power supply of the

inverter, according fo the invcntion, based on the operating status of the

compressor, s.ach that when the compressor is in active status, the source 19

is kept connceted and the internal components of the compressor are kept

running. When the compressor is off, the source 19 ie disgonnected, also

1C  deactivating the componants of the inverter, such thal lhey slop consuming

energy, whereby increasing the energy efficicncy of the system, Even when

the compressor does not need to be connected, the auxiliary power supply

189 may also be connected, if it is necessary to send to the inverter only a
signal with data and parameters of tha cooling system,

15 In order to carry out this remote connection and disconnect oper-
ation, the system according to the invention alse comprses a circuit breaker
10, the main function of which is to discannect the auxiliary power supply
wnerever the comprassor is inaciive, or when there is generally ne need for
the inverter to ke connected. Accordingly, the feed voltages of the communi-

20 cation, control and command circuits of the inverter are also disconnected,
reducing the stand by energy consumption,

The circuit breaker 10 is connected between the auxiliary power
supply 19 and the CC bus of the power circuit 11, enabling or disabling the
running of the auxiliary supply 19.

25 In the embodiment of the invention shown in figure 5, the circuit
breaker enables or disanes the auxiliary supply 19 estab’ishing or interrupt-
ing a feed connection of the supply 19 with the CC bus. depending on the
reed lor The components of the inverter to »¢ connected or disconnactad.
The circuit breaker 10 therefore acts as an active switch. The circuit breaker

30 is commanded both by an external and internal signal o® the frequency in
varter. and the existence of a drive command internal to the inverter allows
tha physical means used to provide tha external command to be the same as
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currently used for transmitting reference signals between electronic thermo-
stat of the cooling system and inverter.

The circuit breaker 10 has a first input that receives from the in-
verter & signal to activate the auxiliary supply 30, indicating whether the auxil-
iary power supply should be connected or disconnected. This is the afore-
mentioned signal originating outside the inverter, since it depends on an ex-
ternal connect/disconnect command received by the inverter from an externat
device A third input of the circuit breaker 10 is connected to a continuous
voltage bus of the power circuil. A second input of the circuit breaker 1C re-
ceives from the inverter a signal to maintain the auxiliary suppiy 40 activated,
which indicates that the compressor continues to operate. This maintenance
signa! corresponds to the aforementioned interpal drive cammand of the in-
verter. An output of the circuit breaker 10 is connected to the feed input of the
auxiliary power supply 19

When the inverier receives an external signal to activate the aux-
iiary supply 19 indicating that the auxiliary supply should be disconnected, it
sends to the first input of the circuit breaker 10 a signal 30 indicating that the
auxiliary supply should be connected. In the preferred embodiment of the
invention shown in figure 5, this signal 30 is sent to the circuit breaker 10 by
the commurication unit 6. which is what receives the external sigral to acfi-
vate the auxiliary supply.

The circuit breaker 10 then establishes an electrical connection
between the feed input of the auxiliary power supply 192 and the continuous
voltage bus cf the power circuit 11, making the auxiliary power supply 19 be
connected, and provides feed voltage to the compaonents of the inverter,
namely the communication unit 16, the contreol circuit 17 and the command
circuit 18, making the inverter fully running.

Whan the inverter receives an external signal, for example from
the thermostat, indicatng that the auxiliary power supply should be discon-
nected, the inverter sends, for example by way of the communication unit 16,
to the first input of the circuit breaker 10 a signal 30 indicating that the source
should be disconnected. When the activation gignal 30 of the auxjliary power
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supply indicates that the source should be disconnected, the control circuil
17 serds to the seconc input of the circlit breaker 10 a signal 40 indicating
that the source should be disconnected. Then, the circuit breaker 10 inter-
rupts the electrical connecticn between the feed input of tha auxiliary power
suoply 19 and the continuous voltage bus of the power circuit 11, starting the
disconnaction of the auwxhary power supply 19. After total disconnection of
the auxiliary power supply which will be better describad subsequently, the
communication unit 16, the control circuit 17 and the command circuit 18 stop
receiving the feed voltage from the auxil.ary power supply 19 and are deac-
tivaied, with thc exceptior of the communication unit 16 which continues re-
ceiving a second feed signal from the CC bus o the power circuit,

In the period belween the signal ‘o connect and disconnect the
auxliary power supply, the circuit breaker 10 should be kegt connected, so
that all the componenls of lhe inverter continue operating nomally. During
this pernod, the circuit inverter sends to the second input of the circuit breaker
10 a mainlenance signal 40 indicating that the auxiliary supply should be
maintained connacted, such that the interface of the inverter which receives
external control signals can be used to receive operatior control signala of
the comaressor, and does not need to keep receiving the connect/disconnect
signal. In the embadimant o® the invention shown in figure 5, the mainte-
nance signal 40 is sent to the circuit breaker by the control block of the in-
verter, and part.cularly by the contro! circuit 17, which is also responsible for
moritoring the running of the compressor. The circuit breaker 10 then keeps
the clectr cal connection between the feed input of the auxiliary power supply
18 and the continuous voltage bus of the power circuit, keeping the inverter
operating normally, without the need for the signal of the first input of the ¢ir-
cuit breaker to provide information,

In a preferred embodiment of the invention, the external control
signals of the imverter both for connecting and discannecting the auxiliary
supply 19 of the inverter, and the operation ¢ontrol signals of the comprassor,
relating to frequency and te the signal amoalitude which should be applied to
the motor, are sent to the invarter by a thermostat 21. Prcferably. the ther-
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mustat has a direct data connactior with the communication unit 16 of the

inverter. This same conneclion is used by the thermostat to send the signal

to zornect and discornect the auxiliary power supply 19 and also to the op-

eration control signals of the compressor. As a'ready mentioned, even while

5 the compressar and the auxiliary power supply are connected, the communi-

cation unit 16 remains active In stand-by status, by means of its additional

fead connection 20 which is directly linked to the CC bus of the powar circuit.

The communication unit should remain active, as it is this unit that will re-

ceive the signal from the thermostat indicating that the auxiliary supply

10 should be connected. and will drive the circuit breaker 10, alluwing the pow-

ering up of the auxlary power supply 19 and consequently of the control
block.

Since the invertar itself internally sends a maintenance signal 40
to the circLit breaker 10, guaranteeing thal lhe auxiliary power supply 19 re-

15 mains connecied. therefore the thermostat 21 need rot continually occupy a
connection with the communication unit sending a signal indicating that the
aux'liary supply 1s connectad. During this continuous operafion period in
which the auxiliary suoply 19 remains connected, the thermostat 21 can use
this same connectior with the communication unit 16 only fo serd the opera-

20 tion control signals of the campressor.

Figures 6, 7 and 8 illustrate three different forms of emboedying
on a microelectronic scals the circuit breaker of the system of remotely con-
necting and disconnecting the auxitiary power supply of tha inverter accord-
ing to the present itveniion. In the embodimen: shown in figure 6, the opto-

25 isolator U1 carresponds o the communication umit which receives the con-
nection and d'sconnaction signal from the thermoslal, represented by the VT
vollaye, and potential confrol signals, and fransmits them to the remainder of
the inverter ¢ircuit. The circuit breaker 10 cormpr.ses a pair of transistors NPN
Q1 and PNP Q2. Thes2 transistors are polarized so as to charge capacitor

30 C1 witn CC bus voliage, equivalent to the voitage on the CB bus capacitor,
whenever the veltage i the anode of one of diodes D1 or D2 is at a high lev-
el. When the capacitor is charged, the auxiliary vo'tage source is fed and ac-
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tivated.

In this cireuit arrangement, the signal to connect the auxiliary
supply corresponds to the VT voltage at low level. Thus, whenever the VT
voltage coming from the thermostat 21 is al a high level, and the voltage on
resistor R8 is at a low level (approximately zero), the circuit breaker 10 will
remain blocked, that is, fransistors Q1 and Q2 are cut off, interrupting the
electnical connection of the CC bus of the power circuit with the auxiliary
power supply 19, which then remains disconnacted. When the voltage in the
thermostat VT is at a low level (zero), the voltage on R2 rizes, since there is
a voltage plug of the CC bus by way of resistor R1. Diode D1 hegins con-
ducting anc drives the pair of transistors Q1 and Q2 of the circuit breaker,
charging the capacitor C1 and allowing the auxiliary power supply 19 to be
fed and connected. Afterwards, it provides feed voltage to the other compo-
nents of the inverter. Once the control cireuit of the frequency inverter is
powered up, It emits a signal to maintain the auxiliary supply 40 activated
(shown in figure 5) at its output connected to resistor R8, keeping the pair of
transistors in conduction even if the VT voltage of the thermaostat returns to a
high level.

In the circuit arrangement shown in figure &, the voltage on resis-
tor R2 corresponds to a voltage plug of the connection between the commu-
nication unit represented by the opto-isclator U1 and the control circuit 17. In
this connection, resistor R9, capacitor C4 and zener diode Z1 are also con-
nected. Through this connection, the communication unit sends to the control
circuit the commands coming from the thermostat relating to the control of
the rurning of the compressor. This is one of the possible forms of embody-
ing the arrangement of the system proposed in figure 5. Other forms of inter-
rupting the voltage feed of the CC bus to the auxiliary power supply can be
employed, with the use, far cxample, of MOSFETs.

Ancther electronic circuit arrangement of the circuit breaker 10
according tc the invention is exemplified in figure 7. In this case, the circuit
breaker 10 essentially comprises a transistor Q2 connected to an enable or
disable input of the auxiliary power supply 19. In integrated circuits to drive
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and switch power control that can be used as auxiliary power supply, It is
commen to find an input that can be used for this purpose. Thus, when tran-
sistor Q2 is polarized and begins conduction, it sends an activation signal to
the enable input of the auxliary power supply 19 connectirg the supply axi
enabiing its running. After the suppiy is enabled, it connects and begins to be
powered by the power circuit. Next, the entire inverter begins running in the
same manner as that described in relaticn to figure 6, that is, the auxiliary
supply 19 provides feed voitage to the other components of the inverter, and
the control circuit, once powerad up, begins emitting to the circuit breaker 10
the signal 1o maintain the auxiliary supply 40 activa.ed (shown in figure 5) at
its autput connected to resistor RE, keening the circuit breaker activated. Also
in this embediment of the invenlion, while tha circuit breaker remains con-
nected by the signal {0 maintain the auxiliary supply activated, the interface
of the thermostat with the inverter is used for sending control signas of ‘he
running of tne ccmpressor. When the signai to activate the auxiliary supply
indicates that the auxiliary sapply should be discornected. and the inverter
stops sending the signal to maintain the auxiliary supply 40 activated to the
auxiliary power supply, the circuit breaker interrupts the sending of the activa-
tion signal to the enable input of the auxiliary power supply, deactivating i,
and disabling the running of the invertar.

Figure 8 illustrates anather electronic circuit arrangamert of the
circuit breaker 10 according to the invention In this case, the circult is ar-
ranged so tha* the auxiliary power supply is connected waen the VT signa!
coming from tha thermostat s at a high level. Accordingly, transistor Q3 is
added to the output of circuit U1, in paralflel with resistor R2. Resistars R10
and R11 are also added, being respectively connected in parallsl with the
base and the collector of transistor Q3. When the VT voltage is at a high lev-
el. transistor Q3 is cul ofl, making the VC node rise to a high level. Resistor
R11 shouid be much smaller than R2, and thus the voltage in the VA node
will also be at a high lavel. In ¢iher words, tha VA and VC nodas arc in syn-
chronicity with the VT signal coming from the thermostatf, as their voltages
vary in conjunction with the voltage varations of the VT signal. Then, transis-
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tore Q1 and Q2 are polarized and begin cond:icting, making the voltage at
point VL rise to a sufficiently high level to drive the auxiliary power supply
which will power up the other components of the inverter. Once the compo-
nents are powered up, they run as usual, and the inverter recelves the com-
mand signal ftom the thermostat, which s interpreted by the control circuit,
which drives the inverter bridge and monitors 1he electrica' magnitudas of the
compressor, 'n order to control it. The signal to maintain the auxiliary supply
40 activated (shown in figure 5) sent by the control ¢ircuit to the circuit break-
er 10 is represented by the voltage in VB which also rises to a high level
when the control circuit is activated anc begins scnding this signal to the cir-
cuit breaker.

Still within the conceptf of the present invention, other forms of in-
terrupiing the runn'ng of the auxiliary power supply 19 could be used, deac-
tivatng 1t or interupting the voltage feed from the CC bus to the auxiliary
power supply, for example with the use of transistors of the MOSFETs kind.

The electronic control system according to the present invention
can also be applied to circuits of the kind snown in figures 2b and 2¢ of the
state of lhe arl, in which the inverter only receives a command external signal
from the thermosiat to connect and disconnect the auxifary power supp'y
and the compressor, and not always receives control signals of the running of
the compressor. In these cases, it is the control circuit of the inverter that de-
fines the point of operation of the compressor, oftentimes based on past op-
erating records. Therefore, whan implementing thc invention and carrying out
the disconnection of the auxiliary power supply, the electronic control system
shouid also be provided with a ncn-volatile memory 70 to keep the past op-
erating records of the compressor. This memory does not represent addition-
al cost for imvlementing the invention. because in some current forms of the
state of the art fo reduce the stand-by consumption of the kind shown in fig-
ure 4, tnese mamories are already used.

n contrast, in embodiments of the invention in which the inverter
receives cormmand signals from the compressor external to the inverter, for

examplg from the thermostat, a non-volalile memory is not necessary, as the
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thermastat will always be activated and connected to the power grid.

The fowchart shown in figure 1L shows the staps of the electron-
ic control method of a variable capacity compressor according to a preferred
embodiment of the invention. This method ¢an be better understood ‘n con-
junclion with the graphs of figure 9 which shaw the behavior of the voltage
signals of some components of the system according to the invention be-
tween the momeénts of connecsting and discannecting the auxiliary power
supply, using the circuit arrangement of the kind shown in figure 8. It can be
noted that the VT, VL, V3 av and VB voltages shown in figure 9 correspond to
points or nodes inside the circuit of figure & identified with these same letters.

The meatbod initially comprises a step of sending to the circuit in
verter a command signal for connecting the auxiliary supply and the com-
pressor. In the preferred embodimenis of the invention, this signal is sent to
(he inverter by the thermostat, and the internal processing circuit of the in-
verter that receives the signal is the communication unii In figure 9, the sig-
nal of the thermostat tor connecting and disconnecting the auxiliary supply
and the compressor is represented by the VT voltage. The veoltage VL repre-
serts the voltage input of the auxiliary power supply. In the inilial condit'on in
which the compressor is disconnected, between instants t0 and t1, the ther-
mostat sends a low signal to the input of the inverter and the voltage input of
the auxiliary power supply VL is also at a low level. keeping the auxiliary
power supply disconnacted. The feed voltage of the control circuit represent-
ed by Vaay in figure § ard the output voltage VB of the control circutt are also
at e low level. The thermostat maintans the VT voltage at a low level during
the time in which the awahary supply should remain disconnected. In 1, the
thermostat sends & voltage signal that has high enough levels to polarize ‘he
opto-isolator U1, This signal can be a sequence of pulses, as illustrated in
figure 9, or a continuous high level valtage.

In the follcwing step of the method, after receiving the comrmmand
sighal to connect the auxiliary supply 19, an internal progessing circuit of the
cirguit inverter, more particularly the communication unit, sends to the circuit

breaker 10 an aclivalion signal indicating that the auxiliary power supply
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should be connected. This step occurs between moments t1 and 12, when
the voftages in nodes VA and VC shown in figure 8 rise to a high level, and
the voltage VA polarizes diode D1, which polarizes the pair of transistors Q1
and Q2 of the circuit breaker, so that they begin conduction
5 Thereafter, the circuit oreaker 10 enables the running of the aux-
iliary power supply establishing contact between the power circuit and the
auxiliary power supply. This step occurs when the pair of transisters Q1 and
Q2 of the circuit begins condueting, consequently making voltage VL in the
input of the auxiliary power supply rise ta a high enough level for the auxiliary
10 power supply to begin eperating. In an alternative embodiment of the method
of the invention, using a circuit of the kind shown in figure 7, the step of ena-
bling the running of the auxiliary power supply occurs with the activation by
the circuit breaker 10 of the enable signal (ENABLE input) of the integrated
circuit thal constitutes the auxiliary supply.
16 At moment 12 in which the auxiliary power supply begins working,
it provides an internal feed voitage to the components of the circuit inverter.
As car be seen in figures 8 and 9, at moment 12, the cutput voltage of the
auxiliary power supply represented as V;av rises to the high value of 3,3V
and begins feeding the control circuit, activating the start of its operation,
20 which occurs at t3. From that point onwards, the control circuit beging send-
ing a signal tu maintain the auxilary supply to the circuit breaker activated,
during the period in which the auxiliary supply should remain connected. This
step occurs at moment {3, in which the control circuit drives the voltage VB at
its output, which rises fo a high level, providing a second polarization path for
25  the pair of transistors Q1 and Q2 of the circuit breaker. When the control cir-
cuit enters into operation, it aiso begins interpreting control signals of the
compressor coming from the thermostat and sent thereto by the communica-
tion unit. Additionally, the conirol circuit beging sending command signals to
the power circuit, such that it controls the operation of the compressor, for
30 example, adjusting the feed voitage of the compressor. When in operation,
the control biock also performs steps of receiving electrical magnitudes from
the comprassor and monitoring its running.
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Thus, from instant t3 onwards, the circuit breaker is kept polar-
ized and driven by the signai to maintain the auxiliary supply activated by
means of voltage in the VB node, and then tne thermostat can stop sending
the signal that serves to connect the auxiliary power supply, which occura at
t4 in ihe graph of figure 9, In which the VT signal falls to a low level. Between
t4 and t5, the compressor operates normally, in which period the thermostat
may send any signal to the frequency inverter with other objectives, such as
speed refarence, data exchange, among others, that constitute the operation
control signals of the compressor. The signals sent by the thermostal be-
twean instants t4 and t5 previously pass through communication unit 16
which adjusts them for intarpretation by the control circuit, and then sends
them to said control circuit, where they are read by the input of the circuit
connected to resistor R9. In situations in which the compressor does not
need to be placed into opearation, the interface hetween the thermostat and
the communication circuit is nevertheless used for data exchange, while the
activation maintenance signal keeps the auxiliary supply connected, feeding
the components of the inverter.

From instant t5 onwards, there beging a sequence of steps for
disconnecting the auxiliary power supply of the method according to the in-
vention. At instant t§, the circuit inverter receives a command signal to dis-
connect the auxiliary supply, which Is sent by the thermostat and shown in
figure @ as the sequence of VT pulses between instants t5 and t7. This signal
to disconnect the auxiliary supply is also sent by the communication unit of
the inverter to the circuit breaker 10.

The control circult of the inverler begins the procedure of discon-
necting the compressor, If it is operating, and next, at 6, interrupting the
sending of the signal to maintain the auxiliary supply to the circuit breaker
activated. In the embodiment shown in figure 8, the control circuit performs
this step modifying the voltage VB to a low level (zero), as also indicated in
the graph of figure 9. Consequently, the circuit breaker 10 disables the run-
ning of the auxiliary power supply, either interrupting its powering-up (pursu-
ant o embodiment in figures 6 and 8), or disabling it by interrupling the send-
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ing of the enable signal {pursuant to embodiment in figure 7). In the embodi-
ment in figures 6 and 8, this occurs, as the pair of transistors Q1 and Q2 of
the circuit breaker 10 is cut off at instant 17, interrupting the connection of the
feed input of the supply of auxiliary voltage with the voltage on the CB bus
capacitor of the power circuit. Then the volitage VL on capacitor C1 decreas-
es and the auxiliary power supply disconnects at t8. Accordingly, the voltage
Vs av at the output of the auxiliary power supply also falls to a low level, dis-
connecting the control circuit,

From that point onwards, the system is In the same status as in
t0, being prepared for a new connection sequence. The events that occur at
instants tG and t7 may also be inverted, that is, the control circuit of the in-
verter may disable the circuit breaker by the signal to maintain the auxiliary
supply of the VB output activated, after termination of the command to dis-
connect the auxiliary supply coming from the thermostat.

In other words, generally speaking, the circuit breaker 10 inter-
rupts the connection between the auxiliary powsr supply and the power cir-
cuit, or disables the auxiliary supply whenever the activation signal sent by
the communication unit and the signal to maintain the auxiliary supply acti-
vated sent by the controi block indicate that the auxiliary supply sheuld be
disconnectad. Alternatively, pursuant to Figure 7, the circuit breaker 10 ena-
bles or disables the auxiliary power supply by way of an enable input of the
auxiliary power supply.

Lastly, based on the characteristics described herein, it can be
noted that the system and method of the present invention allow the auxiliary
power supply of the frequency inverter to be disconnecled by employing low
capacity compeonents to conduct the electric current, reducing implementation
costs.

Ihe system and the method of the present inventicn alsc aliow
the auxiliary power supply of the frequency inverter fo be disconnected and
reconnected by way of the same physical means currently employed to
fransmit the reference signal between electronic thermostat and frequency
inverter. The disconnection and reconnection of the auxiliary power supply of
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the frequency inverter can be carried out without the need for altering the
hardware of the current solutions for thermostats.
Having described an example of a preferred embodiment, it
should be understood that the scope of the present invention encompasses
5 other possible varlations, being limited only by the content of the accompany-
ing claims, potential equivalenis being included therein.
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CLAIMS

1. An electronic control system of a variable capacity compressor
(60), comprising an inverter (3) that receives external control signals, and
generates signals to drive the compressor, wherein the inverter has:

a power circuit (11) for adjusting the feed voltage of the com-
pressor, with a feed input for alternating current, a continuous voltage bus
and a variable amplitude and frequency voltage output to feed the compres-
sofr,

at least one internal processing circuit, and

an auxiliary power supply (19) that provides internal feed volta-
ges to the inverter and activates its running,

characterized in that the inverter also comprises a circuit breaker
(10) with a first input that receives from an internal processing circuit of the
inverter an external signal to activate the auxiliary power supply (30), a se-
cond input that receives from an internal processing circuit of the inverter a
signal to maintain the auxiliary supply activated (40) and an output connected
to an input of the auxiliary power supply,

and when the external signal to activate the auxiliary supply (30)
indicates that the auxiliary supply should be connected, the circuit breaker
(10) enables the running of the auxiliary power supply (19), which activates
the running of the inverter, and the internal processing circuit of the inverter
begins sending, continually, the internal maintenance signal to activate the
auxiliary supply (40) to the circuit breaker (10) indicating that the auxiliary
supply should be kept connected, and making the circuit breaker keep the
auxiliary power supply (19) enabled,

when the external signal to activate the auxiliary supply (30) indi-
cates that the auxiliary supply should be disconnected, and the internal pro-
cessing circuit of the inverter stops sending the signal to maintain the auxili-
ary supply activated (40) to the circuit breaker (10), the circuit breaker (10)
disables the auxiliary power supply (19), deactivating the running of the inver-
ter.

2. An electronic control system according to claim 1, characteri-
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zed wherein the internal processing circuit of the inverter sends to the circuit
breaker (10) an external signal to activate the auxiliary power supply (30) in
response to an external command signal received by the inverter which indi-
cates whether the auxiliary power supply (19) should be connected or dis-
connected.

3. An electronic control system according to claim 1, characteri-
zed wherein the external command signal received by the inverter ailso con-
tains commands for connecting and disconnecting the compressor.

4. An electronic control system according to any of claims 1 to 3,
characterized in that the input of the auxiliary power supply (19) connected to
the output of the circuit breaker (10) is an enable input, and the auxiliary po-
wer supply (19) also has a feed input connected to the continuous voltage
bus of the power circuit, and when the signal to activate the auxiliary supply
(30) indicates that the auxiliary supply should be connected, the circuit brea-
ker (10) sends an activation signal to the enable input of the auxiliary power
supply (19) which enables the auxiliary power supply (19).

5. An electronic control system according to any of claims 1 to 3,
characterized in that the input of the auxiliary power supply (19) connected to
the output of the circuit breaker (10) is a feed input, the circuit breaker (10)
also comprises a third input connected to the continuous voltage bus of the
power circuit, and when the signal to activate the auxiliary supply (30) indica-
tes that the auxiliary supply should be connected, the circuit breaker establi-
shes an electrical connection between a feed input of the auxiliary power
supply (19) and the continuous voltage bus of the power circuit, feeding and
enabling the auxiliary power supply (19), the electrical connection between
the auxiliary power supply (19) and the continuous voltage bus is maintained
while the circuit breaker (10) receives the signal to maintain the auxiliary
supply activated (40).

6. An electronic control system according to any of claims 1 to 5,
characterized in that the inverter also comprises as internal processing circu-
its a communication unit (16) and a control block, wherein:

the communication unit (16) has an input that receives the exter-
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nal control signals for connecting or disconnecting the auxiliary supply, an
output connected to the control block for sending the operation control sig-
nals of the compressor, an output connected to the first input of the circuit
breaker (10), for sending the signal to activate the auxiliary supply (30), and
an additional feed connection (20) with the power circuit that feeds and keeps
the communication unit (16) activated, when the auxiliary power supply (19)
is disconnected,

the control block has an input for receiving the control signals of
the compressor sent by the communication unit, and interpreting them, an
output for sending to the power circuit a command signal for adjusting the
feed voltage of the compressor, and an output for sending to the circuit brea-
ker the signal to maintain the auxiliary supply activated (40), during the peri-
od in which the auxiliary supply should remain connected.

7. An electronic control system according to claim 6, characteri-
zed in that the input of the communication unit (16) which receives the exter-
nal control signals for connecting or disconnecting the auxiliary supply is
connected to a thermostat (21) that sends these control signals for connec-
ting and disconnecting the auxiliary power supply (19).

8. An electronic control system according to claim 7, characteri-
zed in that the thermostat (21) also sends the communication unit (16) opera-
tion control signals of the compressor by way of the same physical means of
connection used for sending the control signals for connecting and discon-
necting the auxiliary power supply, and the communication unit (16) sends to
the control block the operation control signals of the compressor suitable for
interpretation, and when the control block sends to the circuit breaker (10)
the maintenance signal indicating that the auxiliary supply should be kept
activated the thermostat (21) sends to the communication unit (16) only ope-
ration control signals of the compressor.

9. An electronic control system according to any of claims 6 to 8,
characterized in that the control block comprises a control circuit (17) and a
command circuit (18), wherein the control circuit (17) receives the signais

from the communication unit (16), sends the maintenance signal (40) to the
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circuit breaker (10), sends a control signal to the command circuit (18), recei-
ves electrical magnitudes from the compressor and monitors its running, and
the command circuit (18) sends a command signal to the power circuit, the
control circuit and the command circuit also each receive a feed voltage sig-
nal from the auxiliary power supply.

10. An electronic control system according to any of claims 1 to
9, characterized in that the power circuit comprises a continuous voltage bus
to which the circuit breaker (10) is connected.

11. An electronic control system according to any of claims 7 to
10, characterized in that the control block comprises a non-volatile memory
(70) which stores the past operating records of the compressor, when the
thermostat (21) sends to the communication unit (16) only external control
signals for connecting or disconnecting the auxiliary supply, and the control
block controls the operation of the compressor.

12. An electronic control method of a variable capacity compres-
sor, by means of a system that comprises an inverter that controls the opera-
tion of the compressor, the inverter having a power circuit for adjusting the
feed voltage of the compressor, an auxiliary power supply (19) powered by
the power circuit, which provides feed voltages internal to the inverter and
activates its running, a circuit breaker (10) to activate the auxiliary power
supply (19), and at least one internal processing circuit, the method characte-
rized by comprising the following steps:

- sending to the inverter an external command signal to connect
the auxiliary supply;

- in response to the external command signal, an internal pro-
cessing circuit of the inverter sends the circuit breaker (10) an external signal
to activate the auxiliary supply (30) indicating that the auxiliary supply should
be connected,

- the circuit breaker (10) enables the running of the auxiliary po-
wer supply (19),

- the auxiliary power supply (19) provides internal feed voltages

to the inverter, activating its running,




10

15

20

25

30

WO 2012/113047 PCT/BR2012/000036

32

- the inverter begins sending a signal to maintain the auxiliary
supply activated (40) to the circuit breaker, during the period in which the au-
xiliary supply should remain connected,

- when the auxiliary supply has to be disconnected, send to the
inverter an external command signal to disconnect the auxiliary supply;

- the internal processing circuit of the inverter sends the circuit
breaker (10) a deactivation signal indicating that the auxiliary supply should
be disconnected and the circuit inverter stops sending the signal to maintain
the auxiliary supply activated (40) to the circuit breaker (10),

- the circuit breaker (10) disables the running of the auxiliary po-
wer supply (19), deactivating the running of the inverter.

13. An electronic control method according to claim 12, characte-
rized in that the external command signal received by the inverter also conta-
ins a command to connect or disconnect the compressor, and when the in-
verter is activated, it also begins sending control signals to the compressor to
control its operation.

14. An electronic control method according to claim 12 or 13,
characterized in that the auxiliary power supply (19) has an enable input con-
nected to the output of the circuit breaker (10), and a feed input connected to the
continuous voltage bus of the power circuit, and in the step in which the circuit
breaker (10) enables the running of the auxiliary power supply (19), the circuit
breaker (10) sends an activation signal to an enable input of the auxiliary po-
wer supply (19) which enables the auxiliary power supply (19).

15. An electronic control method according to claim 12 or 13,
characterized in that the auxiliary power supply (19) has a feed input connec-
ted to the output of the circuit breaker (10), and the circuit breaker (10) com-
prises an input connected to the continuous voltage bus of the power circuit,
and in the step in which the circuit breaker (10) enables the running of the
auxiliary power supply (19), the circuit breaker establishes an electrical con-
nection between the feed input of the auxiliary power supply (19) and the
continuous voltage bus of the power circuit, feeding and activating the auxili-

ary power supply (19), and electrical connection between the auxiliary power
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supply (19) and the continuous voltage bus is kept while the circuit breaker
(10) receives the signal to maintain the auxiliary supply activated (40).

16. An electronic control method according to any of claims 12 to
15, characterized in that a thermostat (21) outside the inverter sends the in-
verter the command signal to connect and disconnect the inverter.

17. An electronic control method according to claim 16, characte-
rized in that the thermostat (21) also sends the circuit inverter operation con-
trol signals of the compressor.

18. An electronic control method according to claim 12 to 17,
characterized in that the circuit inverter comprises as internal processing cir-
cuits a communication unit (16) and a control block, wherein:

a communication unit performs the steps of receiving the external
command signal to connect or disconnect the auxiliary supply, adjusting the-
se signals for interpretation by the control block, and sending to the circuit
breaker (10) the signal to activate the auxiliary supply (30) indicating that the
auxiliary supply should be connected,

the control block performs the steps of receiving and interpreting
the control signals of the compressor sent by the communication unit, sen-
ding to the power circuit a command signal to adjust the feed voltage of the
compressor, sending to the circuit breaker (10) the signal to maintain the au-
xiliary supply activated (40) during the period in which the auxiliary supply
should remain connected, receive electrical magnitudes from the compressor
and monitor its running.

19. An electronic control method according to claim 18, characte-
rized in that while the control block sends the circuit breaker (10) the signal to
maintain the auxiliary supply activated (40), the thermostat sends to the
communication unit only operation control signals of the compressor.

20. An electronic control method according to any of claims 16 to
18, characterized in that the thermostat (21) sends the communication unit
(16) only external control signals to connect or disconnect the auxiliary sup-
ply, and the method also comprises a step of storing the past operating re-

cords of the compressor in a non-volatile memory.



