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Specification of Patent of Invention for "METHODS FOR CON-
TROLLING A COMPRESSOR WITH DOUBLE SUCTION FOR REFRIG-
ERATION SYSTEMS".

The present application claims priority of Brazilian patent applica-
tion No. PI1005090-6, its content being hereby incorporated by reference.

The present invention refers to a system and methods for con-
trolling a double suction compressor for application in refrigeration systems,
capable of meeting the different demands of cost, efficiency and temperature
control by means of techniques of complexity levels and different configura-
tions of the elements from the control loop (temperature sensors, actuators,
controllers, etc.). Thus, the present invention offers different methods which
are suitable for each specific configuration.

BACKGROUND OF THE INVENTION

At first, some definitions and nomenclatures which will be used

throughout the text are provided below for a better understanding of the text.

Fos [Hz]:Switching frequency of the suction lines, that is, the fre-
quency with which the flow of the refrigerant gas is switched between the two
suction lines and, consequently, between the two refrigeration circuits.

Pps [s]:Switching period of the suction lines, that is, period of time
in a switching cycle of both suction lines is completed. Inverse of Fps.

Dos [%]:Suction duty cycle, that is, when there are two suction
lines, where the flow of the refrigerant gas through the second line comple-
ments that of the first line, there will be a duty between the conduction time of
each line and the period Pps. It is a duty cycle once it refers to the times ex-
isting in a switching period of the suction lines, being possible to vary it in
every new period. To identify the duty cycle of each suction line, D1gs is es-
tablished as the duty cycle of the first suction line and D2ps is established as
the duty cycle of the second line. The sum of D1ps and D2ps must be equal
to one, therefore Dps refers to the set of values (D1ps, D2ps), for instance,
(80, 20%), (20, 80%), (50, 50%}), etc.

RPMps:Rotation of the internal motor of the double suction com-

pressor. It can be a fixed value or zero for conventional fixed capacity com-
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pressors (or compressor ON-OFF) or any value within a range of operation,
for variable capacity compressors. In a double suction compressor, the value
of RPM can be defined for each suction line, as RPMgy1 and RPMgy,. The
refrigeration capacity of a compressor is proportional to the rotation of the
internal motor of the compressor or proportional to the other form of pumping
the refrigeration gas, for instance, by means of linear actuators.

CAPcowmp:Refrigeration capacity of a compressor, wherein the
capacity value can be a single one or specific for each suction line
(CAPcome1 and CAPcomp2).

Tps [N.m}:Double suction compressor's motor load; that is varia-
ble or fixed speed motor. The load will be specific for each one of the two
suction lines (T1ps and T2ps). The load processed by the motor can be ob-
tained directly or indirectly through the acquisition of electrical signals from
the motor (voltage, current, phase differences, etc).

Nomenclature adopted in the sequence for elements employed in
refrigeration systems:

CDS(Double Suction Control) Device for activating a valve in a
double suction compressor — Electronic circuit capable of activating the dou-
ble suction compressor’s internal valve, in a duty cycle Dps.

SET (Temperature State Sensor) — Any contact or electrical sig-
nal whose state is changed, between two levels, according to certain tem-
perature values, forming a hysteresis window. For instance; electromechani-
cal thermostat and electronic thermostat with relay output to activate a com-
pressor, or an electronic thermostat with digital output to control another ac-
tuator which activates the compressor.

SCT(Continuous Temperature Sensor) — Any sensor which de-
livers a physical quantity (generally voltage or electric current) proportional to
a temperature value (NTC, PTC, etc.).

STQ(Load Sensor) — Electronic circuit which provides an electri-
cal signal proportional to the load being processed by the compressor's mo-

tor.
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ETH (Electronic Thermostat) — Electronic circuit whose main role
is to interpret the states or values of the SETs and SCTs and to activate or
send a drive control to the compressor.

TSD(Time Starting Device) — Electronic circuit responsible for
performing the controlled start-up of a single-phase induction motor em-
ployed in fixed capacity compressors.

I-VCC(Inverter of Variable Capacity Compressor) — Electronic
circuit called Frequency Inverter, responsibie for activating the motor or actu-
ator present in variable capacity compressors.

CVC(Capillary Tube Valve Control) Device for driving the valve
that regulates the restriction of the capillary element — Electronic circuit ca-
pable of activating a valve positioned in series with the capillary tube of the
refrigeration circuit, at a certain frequency and duty cycle.

Double suction compressor

The double suction compressor consists of a compressor having
two suction lines whose switching occurs internally to the compressor, at a
complementary work cycle. Switching occurs by means of a valve, which, on
switching once in every period of time Ppg, distributes the gas flow meas-
urement through one of the suction lines in a period D1pg x Ppg, and through
the second suction line in a period (1-D1ps) x Pps. Valve switching is per-
formed through an electric current applied by an external actuator Cps.

The possible configurations of the Refrigeration System

The double suction compressor, having a variable or fixed speed
actuator or motor, can be employed in different types of refrigeration sys-
tems, classified according to their complexity. This classification is made to
make it easier to understand the control methods to be proposed, once they
are suitable for different goals of cost, efficiency, performance, etc.:

Low complexity system:

It prioritizes a competitive product through the lowest cost/price
of the elements employed. In general, it uses a compressor with fixed rota-
tion motor ("ON-OFF compressor"), electromechanical thermostat with tem-

perature hysteresis control (on, off). In some cases, the thermostat can be
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electronic to obtain better adjustment of the hysteresis window of controlled
temperatures.
Medium complexity system:

It prioritizes a competitive product through the balance between
cost and performance by consumption or temperature control. In general, an
additional element, or an element of higher complexity, is used to improve
temperature control in one or more compartments, or to reduce energy con-
sumption. For instance, this element can be a compressor with variable dis-
placement or speed actuator or motor (Variable Capacity Compressor, or
"VCC compressor”, also designated as having capacity performed through
the phased variation in its operation state), or flow measurement valves at
the capillary elements of each refrigeration circuit. The thermostat can be
both electromechanical and electronic.

High complexity system:

It prioritizes a competitive product through better performance
(lower consumption, better temperature control, better design, etc.). In gen-
eral, a configuration having several elements of higher complexity is used.
For instance, this configuration can have a variable capacity compressor,
flow measurement valves at the capillary elements, electronic thermostat that
reads several sensors distributed in each compartment, etc.

Some prior art related to double suction compressors can be
found for example on the patent US 2,158,542, that describes a double suc-
tion compressor comprising two independent valves located inside the com-
pressor. The compressor of the patent 2,158,542 has the disadvantage of
allowing the operation of both suctions valves at the same time, for that rea-
son, the compressor components (condenser and motor) need to be overpro-
tected in order to support the operation of both suction valves at the same
time.

Additionally, the patent US 5,867,995 recites a refrigeration sys-
tem comprising multiple evaporators, each one of the evaporators being con-
trolled by a expansion valve. However, the compressor of the patent US

5,867,995 is a convencional compressor, comprising just one suction valve.
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OBJECTIVES OF THE INVENTION

The objectives of this invention consist of providing systems and
methods for controlling a double suction compressor for application in refrig-
eration systems, capable of meeting the different demands for cost, efficiency
and temperature control by means of devices and techniques of complexity
levels and different configurations of the elements from the control loop (tem-
perature sensors, actuators, controllers, etc.).

BRIEF DESCRIPTION OF THE INVENTION

The objectives of the invention are achieved by means of a sys-

tem for controlling a double suction compressor for application in refrigeration
systems, the refrigeration system comprising at least two evaporators, the
double suction compressor being controllable to alternate its compression
capacity.

The objectives of the invention are achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising at least two evaporators,
an ON-OFF double suction compressor, one SET temperature sensor, the
method being characterized in that it comprises a step for configuring the
actuation and control of an ON-OFF double suction compressor with fixed
duty cycle, where the control to turn on/off the compressor comes from a sin-
gle SET element.

The objectives of the invention are also achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising at least two evaporators,
an ON-OFF double suction compressor, two SET temperature sensors, the
method being characterized in that it comprises a step for configuring the
actuation and control of an ON-OFF double suction compressor with two
fixed values for the duty cycle, there being two SET temperature sensors, the
compressor being turned off when both thermostats reach their respective
temperature reference values (set-points).

The objectives of the invention are also achieved by means of a

method for controlling a double suction compressor for application in refriger-
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ation systems, the refrigeration system comprising at least two evaporators,
an ON-OFF double suction compressor, two SET temperature sensors, the
method being characterized in that it comprises a step for configuring the
actuation and control of an ON-OFF double suction compressor with three or
more fixed values for the duty cycle, the duty cycle being chosen among
three or more fixed values, according to the logic of control which is based on
the reading of both thermostats’ states.

The objectives of the invention are also achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising at least two evaporators,
an ON-OFF double suction compressor, two SET or SCT temperature sen-
sors, the method being characterized in that it comprises a step for configur-
ing the actuation and control of an ON-OFF double suction compressor with
continuous and variable duty cycle within a work range from 0 to 100%, de-
fined based on the reading of both thermostats, either of SET or SCT type.

The objectives of the invention are also achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising at least two evaporators,
an ON-OFF double suction compressor, one or two SET or SCT temperature
sensors, one STQ sensor of Tps load of the motor, the method being charac-
terized in that it comprises a step for configuring the actuation and control of
an ON-OFF double suction compressor with continuous and variable duty
cycle within a work range from 0 to 100%, defined based on the reading of
one single temperature sensor positioned in one of the two evaporators, and
on the reading of the load processed by the motor (either a rotary motor or a
linear actuator) for each suction line.

The objectives of the invention are also achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising at least two evaporators,
one variable capacity double suction compressor (or VCC compressor), two
temperature sensors, the method being characterized in that it comprises a

configuration step in which the system control defines the capacity required
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by each compartment of the system, regulating these capacities through ad-
justments to the suction duty cycle and through the compressor capacity.

The objectives of the invention are also achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising at least two evaporators,
one variable capacity double suction compressor, one or two SET or SCT
temperature sensors, one sensor of Tpg load of the motor, the method being
characterized in that it comprises a configuration step in which both the duty
cycle, variable and continuous, within a work range, and the compressor ca-
pacities CAPcomp1 and CAPcomp2, or a combination of both action variables,
are defined based on the reading of one or two SET or SCT temperature
sensors and on the readings of loads T1ps and T2ps.

The objectives of the invention are also achieved by means of a
method for controlling a double suction compressor for application in refriger-
ation systems, the refrigeration system comprising a compressor with at least
two suctions, two evaporators, one condenser, at least one temperature sen-
sor located in one of the compartments to be refrigerated, having capillary
tubes connected to each one of the evaporators, and at least one valve for
flow control of one of the suctions, an electronic control operatively linked to
the compressor and the valve for suction control, capable of at least detect-
ing the compressor’s load point by a process that can be the observation of
the input current or the observation of the gap between the current and the
voltage applied to the compressor's motor, and of controlling the opening or
closing state of the suction valve, whereas the compressor has its on or off
operation state determined based on the observation of the temperature in at
least one of the compartments, characterized in that the electronic controller
keeps the suction valve alternatively opened and closed, at a time relation
calculated according to a mathematical function that considers fixed parame-
ters related to predefined characteristics of the refrigeration system, and load
parameters measured in the compressor when alternatively connected to the
freezer's or refrigerator’s suction line.

Particularly, the objectives are achieved through a method for
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controlling and adjusting the refrigeration capacities of a refrigeration system
equipped with a double suction compressor, the refrigeration system com-
prising compartments to be refrigerated and comprising at least two evapora-
tors 20 positioned at the compartments to be refrigerated 60,70, the double
suction compressor 10 being controllable to alternate its compression capaci-
ty, the method being characterized in that it comprises steps of: (i) continu-
ously measuring at least a temperature arising from a SET, SCT temperature
sensor associated with at least one of the evaporators 20 and (ii) acting on
the compression capacity of the compressor 10, based on the measurement
of the step (i).

Also, particularly, the objectives are achieved through a system
for controlling a double suction compressor 10 for application in refrigeration
systems, the refrigeration system comprising at least two evaporators 20,
positioned in the compartments to be refrigerated 60,70, the SC4,SC, double
suction compressor 10 being controllable to alternate its compression capaci-
ty, the compressor being controlled by an electronic control 90, the system
being characterized in that it comprises at least two evaporators 20; the elec-
tronic control being configured to act on the compression capacity of the
compressor 10, based on the measurement of at least one SET, SCT tem-
perature sensor associated with at least one of the evaporators 20; as well as
through a system for controlling a double suction compressor 10 for applica-
tion in refrigeration systems, the refrigeration system being characterized in
that it comprises: one compressor 10 with at least two suctions SC4,SC,, at
least two evaporators 20, positioned in the compartments to be refrigerated
60,70, at least one SET,SCT temperature sensor located in one of the com-
partments to be refrigerated 60,70, having capillary tubes linked to each one
of the evaporators, and at least one valve for flow control of one of the suc-
tions SC4,SC,, one electronic control 90 operatively linked to the compressor
10 and to the valve for suction control, the electronic control being configured
to detect a load of the compressor 10 and control an opening or closing state
of the suction valve, the compressor having its on or off operation state de-

termined based on the observation of a temperature T1,T2 in at least one of

AMENDED SHEET



10

15

20

25

30

9

P182044-PCT — PCT/BR2011/000455 - Specification and Claims (clean)

the compartments to be refrigerated 60,70, the electronic controller 90 keep-
ing the suction valve alternatively opened and closed, in a time relation calcu-
lated from the measurement of at least one SET,SCT temperature sensor
associated with at least one of the evaporators 20.

Finally, particularly, the objectives are achieved through a refrig-
erator that comprises a refrigeration circuit that includes one compressor 10
comprising at least two suctions SC4,SC;, the refrigerator comprising com-
partments to be refrigerated and comprising at least two evaporators 20 posi-
tioned in the compartments to be refrigerated 60,70; an electronic control
operatively linked to the compressor and to the valve for suction control; at
least one valve for flow control to separate the fluid connection of one of the
suctions for one of the evaporators 20; the refrigerator being characterized in
that the electronic control 90 is configured to measure at least one variable of
behavior of the refrigeration circuit to selectively command the suction vaive
and alternate an operation state of one of the evaporators 20 at an alterna-
tion proportion established by the relation of measurements of at least one
variable of behavior of the refrigeration circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in more detail below,

based on figures:

Figure 1 — illustrates an example of application of a double suc-
tion compressor to a system with two evaporators. The figure illustrates the
CDS element for actuation of the double suction valve internal to the com-
pressor, the compressor with its two suction lines; the two evaporators, each
with its temperature sensing means, which can be by SET element (ex.: elec-
tromechanical thermostat) or SCT element (ex.: NTC); the optional CVC el-
ements and respective valves that regulate the restriction of the capillary el-
ement;

Figure 2 — illustrates two usual forms of temperature sensing in
the compartment with which each evaporator is coupled. In figure 2a, there is
a SET element, generally an electromechanical thermostat contact. In figure

2b, the temperature is measured through a SCT element, and the information

AMENDED SHEET



10

15

20

25

30

10

P182044-PCT — PCT/BR2011/000455 - Specification and Claims (clean)

is processed by an ETH electronic control for later action implementation.
The ETH element can send control signals to another electronic control for
activating some actuator in the system, for instance, for a CDS element re-
sponsible for activating the valve of the double suction compressor. The con-
trol signals (in this example of the figure, as reference for Dpg) can be dis-
crete (on or off) or continuous. The temperature levels obtained by the SCT
element can also be processed by integrated electronic controls, as suggest-
edin §;

Figure 3 — illustrates a classic diagram of a control loop;

Figure 4 — illustrates an example of control of a double suction
compressor, where there is information of only one temperature sensor, in
this case, a SET element. The duty cycle Dps has only one fixed value, ap-
plied to the compressor whenever it is activated;

Figure 5 — illustrates an example of control of a double suction
compressor, where there is information of two temperature sensors, in this
case, two SET elements. The duty cycle Dps has two fixed values, applied to
the compressor whenever it is activated, and following some logic related to
the information of the temperature sensors;

Figure 6 — illustrates an example of control of a double suction
compressor, where there is information of one temperature sensor, in this
case, one SET element. The CDS element activates the suction valve with
duty cycle Dps and has an integrated sensor of STQ load of the compressor’s
motor (for Tps sensing);

Figure 7 — illustrates an example of control of a variable capacity
double suction compressor, where there is information of two temperature
sensors, in this case, two SET elements. The CDS element activates the
suction valve with duty cycle Dps and is integrated with the I-VCC inverter
and sensor of STQ load. The I-VCC inverter can activate the compressor
with distinct capacities for D1ps and D2ps; and

Figure 8 - illustrates an example of control of a variable capacity
double suction compressor, where there is information of two temperature

sensors, in this case, two SCT elements connected to a single control com-
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prised by one ETH thermostat, one CDS element that activates the suction
valve with duty cycle Dps, one I-VCC inverter with sensor of STQ load, and
CVC controls.

Figure 9 — represents the topology of the single-phase induction
motor with the control keys SP and SA for the winding of the main coil P and
start-up coil A. It also represents the feeding voltages VR and current in the
main winding IP. The current level (IP) observed in the main coil (P) is pro-
portional to the load level (torque T) applied to the motor.

Figure 10 — these different points of load or torque (Load 1 and
Load 2) imply current levels (IP2 and 1P2).

Figures 11 and 12 — represent the current levels observed in the
motor's working winding when operating with different loads (Load 1 and
Load 2), and it is also represented the gap (F1, F2) between the current vec-
tor (IP) and the voltage vector (VR) of the grid, respectively. This angle is
changed with the motor’s load level (Load).

Figure 13 — represents the full control system connected to the
compressor, and the control module (Control) receives the grid’s voltage in-
formation (VR), the current information in the main winding of the motor (IP),
and this current level changes between the values (IP1 and IP2) depending if
the compressor is connected to suction 1 or suction 2. This control (Control)
calculates, according to this information of load and predefined parameters,
the moments in which the suction valve must be activated (CDS) through the
control signal (control for the suction valve).

DETAILED DESCRIPTION OF THE FIGURES AND THE INVENTION
The elements and variable of the control loop

Considering the classic diagram of a contro! loop (Figure 3),
there is a brief description of the elements existing in a refrigeration system
having a double suction compressor.

BASIC SYSTEM

The basic system to be controlled is comprised at least by the

passive elements in a refrigeration circuit, such as the heat exchange ele-

ments (condenser 30 and evaporator 20) and restriction elements (capillary
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tube). The compartments to be refrigerated are indirect components of the
floor, once they are thermally coupled with the evaporators.

For the cases in which the double suction compressor is used,
there are at least two evaporators, where each one is coupled with a different
compartment of the refrigeration system (for instance, a freezer compartment
and a refrigerator compartment).

ACTUATORS

The actuators are the active elements inside a refrigeration cir-
cuit, such as the compressor (in this case, double suction compressor), the
compressor’s internal valve to switch the suction line, and one or two valves
that regulate the restriction of the capillary element of each evaporator. Other
actuators can be present, depending on the complexity and scope of the
floor, such as dampers, ventilators, block valves, efc.

The double suction compressor can have a conventional motor
or a variable rotation one, a linear displacement motor and fixed or variable
frequency. In the fixed capacity compressor, or "ON-OFF" compressor, there
are two states (on and off), where the refrigerant gas’ pumping capacity is
fixed when it is on. In the variable capacity compressor, or "VCC", the pump-
ing of the refrigerant gas is regulated according to the rotation of the motor or
displacement and frequency of a linear actuator, and there can be a specific
capacity for each one of the two suction lines.

In the case of the double suction compressor’s internal valve,
such valve acts by distributing the refrigerant gas to both suction lines, where
there will always be one of the lines transporting the gas and never two lines
transporting at the same moment (D1ps + D2ps = 1). The actuator of the
compressor’'s suction line operates at high frequency if compared to the dy-
namics of the refrigeration system; thus, both evaporators transport the re-
frigerant gas with pulsation coming from the switch of the suction valve prac-
tically imperceptible for the evaporators’ heat exchange capacity.

In high complexity systems, there can be valves that regulate the
restriction of capillary tubes. These actuators operate at a frequency different

from that used to switch the double suction compressor’s internal valve, so
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as to avoid instabilities in the system. In a system having a double suction
compressor and at least two evaporators, each evaporator has its capillary
element and, therefore, each evaporator can have a restriction regulating
valve in series associated with its capillary tube.

CONTROLLER

It is the element responsible for controlling the actuators accord-

ing to the error value between the reference variable and the actual value of
the controlled quantity. The controller can be of very low complexity, being
only an on and off control, while it can also be gradually more complex, being
capable of receiving and interpreting information referring to several quanti-
ties of the floor, and controlling several actuators simultaneously through dis-
crete or continuous signals.

In a low complexity system, equipped with a double suction com-
pressor, the controller will receive, at least, information on the temperature of
one or more electromechanical thermostats. And based on its control logic, it
will control the actuators: suction valve and compressor’s motor.

In a high complexity system, equipped with a variable capacity
double suction compressor, and also, regulating valves for one or more capil-
lary tubes, the controller may receive a larger set of information, such as the
actual temperature at different points of the system, load processed by the
compressor’s internal motor, compressor consumption, etc. And based on its
control logic, it will control the several actuators: compressor’s suction valve,
speed or displacement of the motor for each suction line, valve(s) that regu-
late the capillary tube(s), etc.

SENSORS

The most elementary sensor in a refrigeration system is the tem-
perature sensor, or thermostat, which can be SET (generally electromechan-
ical) or SCT (sensor coupled with an electronic control or electronic thermo-
stat). The first type, electromechanical SET, is widely used lower cost and
low complexity refrigeration systems and provides information on the state of
the system; that is, if the measured temperature achieved one of the two val-

ues that determine a hysteresis window. In the case of the electronic SCT
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thermostat, of higher cost and complexity, the temperature is actually and
continuously measured (except the measurement errors arising from the tol-
erance of the temperature sensor, quality of thermal coupling, etc.). The in-
formation on the actual temperature is processed by an electronic circuit,
where in this process the temperature value is translated into electrical sig-
nals for consequent actions of control of the refrigeration system.

As an indirect form of monitoring the work being performed by a
refrigeration circuit, it is possible to monitor the load processed by the motor
used in the compressor, either of fixed or variable speed or displacement.
The STQ load sensor, in turn, is comprised by sensors that monitor electrical
quantities of the motor (such as current, voltage, frequency, gap, efc).

Other types of sensors can be present in refrigeration systems
equipped with the double suction compressor, for instance, sensors of elec-
tric power consumption, door opening sensors, pressure sensors, etc.
REFERENCES - r(t):

These are the desirable values for the controlled quantities. In a
refrigeration system with double suction compressor, in general, the refer-
ences are related to the temperatures in the evaporators (or in the compart-
ments), in the load values of the motor for each one of the two suctions, efc.
DISTURBANCE — d(t):

It is all interference external to the system floor. In any refrigera-

tion system, the most common disturbances are door opening and addition of
thermal load in one or more compartments.
CONTROLLED QUANTITIES:

These are all physical quantities one wishes to control. Such

quantities can be monitored directly or indirectly through the sensors; or es-
timated based on a theoretical model of the system.

Depending on the complexity of the refrigeration system
equipped with double suction compressor, such quantities can go from one
single temperature up to a set of variables to be prioritized (temperatures,
consumption, response speed, etc.).

ACTION VARIABLES — ON-OFF, CAPcome. Dps, €efc.:
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These are discrete or continuous control variables applied to the
actuators. In a refrigeration system with double suction compressor, the main
action variables are related to the operation of the compressor (on, off, ca-
pacity value) and the operation of the compressor’s internal valve (duty cycle
and valve’s switching frequency).

Adjustment of the capacity for two refrigeration circuits

In a refrigeration system equipped with a double suction com-
pressor, there are at least two evaporators with refrigeration capacities de-
termined by the duty cycle of the compressor’s internal valve. As the valve is
switched at a high frequency if compared to the dynamic of the refrigeration
system, the evaporators transport the refrigerant gas with pulsation practical-
ly imperceptible for the heat exchange capacity (CAPgy) of the evaporators.

Thus, a refrigeration capacity is feasible for each evaporator
(CAPev1, CAPgyv2) which can be variable according to the duty cycle of the
compressor’s internal valve, and the compressor’s capacity value.

In a system with a fixed capacity compressor (ON-OFF), the var-
iation of the capacity of each evaporator depends on that of the other, once
the duty cycles of both suctions are complementary (D1ps + D2ps = 1). In
other words, with the compressor turned on:

CAPgyy < CAPcomp X D1ps

CAPgyy % CAPpopmp X (1 = D1p)
CAPcomp % CAPgy1 + CAPgys

Where: CAPcomp = Capacity delivered by the compressor;

CAPgv1 = Evaporator’s capacity 1;

CAPgv; = Evaporator’s capacity 2.

In a system with a variable capacity compressor, the variation of
the capacity of each evaporator can be controlled within a wider range, and
even uncoupled between the two evaporators through the independent ad-
justment of each capacity of the compressor for each suction line. For exam-
ple, a variable capacity compressor equipped with a rotary motor, and the

motor being connected in a rotation of same value for the two suction lines,
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(RPMgeT), the variation of the capacity of each evaporator will depend on this

rotation and on the suction’s duty cycle:

CAP, RPMser D1
of ——————
EV1I ™ RPMy 4y bs

RPMsgr
“ — —
CAPgy, RPMayax x (1= D1ps)

CAPcoyp < CAPgy, + CAPgy;

Where:RPMger = Motor’s rotation, kept the same for both suction
lines;
5 RPMmax = Maximum rotation of the compressor's motor
VCC.
With the VCC compressor of rotary motor operating at a different
rotation for each one of the two suction lines, the variation of the capacity can

be made in an independent manner for each evaporator:

CA —MEVI D1
Peyy X
Evi X ooy DS
RP Mgy,
CAPgy, x ————x (1 —-D1
V2 X b Myn ( ps)

CAPCOMP [>8 CAPEV1 + CAPEVZ

10 Where:RPMgy1 and RPMgyv; = Motor’s rotation, for each one of

the suction lines.

Methods of control proposed for the Double Suction Compressor

Methods of control are proposed for refrigeration systems
equipped with double suction compressor, either a fixed or variable capacity
15 compressor. The methods are mentioned in ascending order of system com-
plexity, seeking to point out the competitive advantages for each solution,
either by low cost, low error of temperature, lower consumption, etc.
1. Systemn with at least two evaporators, with double suction
compressor such as ON-OFF, one single SET temperature sensor, and
20 one single value of Dps ratio:
What:Configuration for activating and controlling a double suction

compressor ON-OFF with fixed duty cycle (Dps), where the compressor’s
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control on/off comes from one single SET element (ex.: contact of electrome-
chanical thermostat). Figure 4 exemplifies the configuration, where the SET
element is a contact which, apart from feeding the compressor, also feeds
element CDS 90.

SET D1ps D2ps Compressor
OFF OFF OFF OFF
ON Drixeo 1-Drixen ON

Why:Have an option for low cost applications, where there is only
one electromechanical thermostat and the electronics CDS 90 activate the
suctions at a fixed duty cycle, defined, for instance, by means of a simple and
lower cost timer.

Note 1.There is 1 SET element (ex.: electromechanical thermo-
stat) and 1 value for duty cycle Dps.

Note 2:Here, one of the evaporators will be in "open loop," follow-
ing the cycle of the other evaporator monitored by the thermostat.

2. System with at least two evaporators, with double suction
compressor such as ON-OFF, two SET temperature sensors and two possi-
ble values for DDS ratio:

What:ldem previous configuration, however with two fixed values
for the duty cycle Dps (ex.: 80, 20% and 20, 80%), a first value D1’pg being
higher than D2’ps and a second value D1"ps being Ibwer than D2”pg, with
two SET temperature sensors (ex.: two electromechanical thermostats). In
this case, the compressor is disconnected when both thermostats achieve
their respective temperature reference values (set-points). If the evaporator
which is receiving, in this example, 80% of the compressor's capacity,
achieves its set-point temperature before the other, the CDS control of the
suction valve may modify the duty cycle Dps to its second fixed value, apply-
ing the bigger capacity to that evaporator in which the thermostat has not
achieved its set-point yet. Figure 5'exempliﬁes the configuration, where the
SET elements are contacts of electromechanical thermostats, which apart
from feeding the compressor, also feed element CDS 90. However, the feed-

ing of element CDS 90 can be independent of the SET elements.
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SET1 SET2 D1DS D2DS Compressor
OFF OFF OFF OFF OFF
OFF ON 1-D27ps D2”ps > D17ps ON

ON OFF 1-D2’ps D2'ps < D1'ps ON

ON ON 1-D2ps D2'ps or D27'pg ON

Why:Reduce the error of the temperature not controlled in the so-
lution of the previous configuration. The high duty cycle (ex.: freezer 80%,
refrigerator 20%) generates capacity in excess in the freezer 60 (first refrig-
erated environment), and generates deficiency of capacity in the refrigerator
70 (second refrigerated environment). Low duty cycle is the inverse. In this
configuration, there will be 2 dominant SET element (thermostat), or the one
which firstly reaches its set-point.

Note 1:There are 2 SET elements (electromechanical thermo-
stats) and 2 possible values for duty cycle Dps.

Note 2:Both evaporators will be in closed loop; however one of
them will have priority, making the temperature in a second evaporator still
capable of traveling outside the limits of the hysteresis of its thermostat. To
reduce this error, the following configuration is suggested.

3. System with at least two evaporators, with double suction
compressor such as ON-OFF, two SET temperature sensors, and three or
more possible values for DDS ratio:

What:Idem previous configuration, however with three or more
fixed values for duty cycle Dps (ex.: 50, 50%; 20, 80% and 80, 20%), with two
SET elements. The duty cycle Dps is chosen among three or more fixed val-
ues, through the combination of both thermostats. Taking Figure 5 as refer-
ence, the condition in which both SET elements are on (ON) has a third value
of Dps, which can be, for instance, (50, 50%). Therefore, it may be necessary
an electronic control CDS 90 with a minimum processing capacity to interpret
these combinations and control the suction valve.

Why:Reduce the error of the temperature in a second evapora-

tor, which error exists in the previous configuration.

AMENDED SHEET




10

15

20

25

30

19

P182044-PCT - PCT/BR2011/000455 - Specification and Claims (clean)

Note 1:There are 2 SET elements and 3 or more possible values
for duty cycle Dps.

Note 2:An intermediate value for duty cycle reduces the tempera-
ture oscillation of a second evaporator. This configuration becomes no longer
interesting (cost) if the solution requires electronics identical to that of the
configuration to be suggested in 4 (with the use, for instance, of a microcon-
troller). In other words, the following configuration brings a control better than
that of this configuration and will only show disadvantage if there is higher
cost in electronics.

4. System with at least two evaporators, with a double suction
compressor such as ON-OFF, two temperature sensors (either SET or SCT),
and continuous value for DDS ratio:

What:Configuration for activating and controlling a double suction
compressor ON-OFF with variable and continuous duty cycle Dps within a
work range (0 to 100%), defined based on the reading of both thermostats,
either SET or SCT.

Why:Have continuous adjustment of duty cycle Dpg to search for
zero error (keep within the hysteresis) in at least two evaporators (freezer 60
and refrigerator 70), improving the performance and efficiency of the refriger-
ation system.

Note 1.There are 2 temperature sensors (electromechanical or
electronic thermostats, such as SET or SCT), and duty cycle Dps with contin-
uous value within a range.

Note 2:An electronic control having capacity of processing sig-
nals will have to adjust the duty cycle Dps through an algorithm for controlling
the temperatures of the evaporators, taking as re-feeding, the on and off con-
trol buttons of both SET (ex.: electromechanical) thermostats, or the tem-
perature values measured by electronic SCT thermostats (Figure 4 brings
examples of use of SET and SCT temperature sensors).

Note 3:0One of the advantages of using this configuration is the
possibility to control the suction valve with an ideal duty cycle Dps to obtain

an operation point, where both thermostats achieve their respective set-point
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temperatures at the same time, when at permanent regime. For such pur-
pose, control must have an algorithm that searches this operation point
based on the re-feeding of both thermostats. By making one of the controlled
variables be the moment in which the monitored temperatures (first tempera-
ture T1 and second temperature T2) achieve their respective reference val-
ues, it is possible to make the compressor’'s operation time (on) be mini-
mized, that is, the compressor will not need to be on because a single com-
partment has not achieved the desired temperature. Thus, when the temper-
ature in a first compartment (T1) is above the reference value, the suction
duty cycle D1ps is incremented and; in an identical manner, when the tem-
perature in a second compartment (T2) is above the reference value, the
suction duty cycle D2ps is incremented.

5. System with at least two evaporators, with double suction
compressor such as ON-OFF, one or two (SET or SCT) temperature sen-
sors, one STQ sensor of load Tps of the motor, and continuous value for Dps
ratio:

What:Configuration for activating and controlling a double suction
compressor ON-OFF with variable and continuous duty cycle Dps within a
work range, defined based on the reading of a single temperature sensor
positioned in one of the evaporators, and on the reading of the load pro-
cessed by the motor for each suction line (T1ps and T2ps). The need of a
second temperature sensor is excluded; however a second sensor, posi-
tioned in the second evaporator can be used for better controlling the tem-
perature. Figure 6 exemplifies the configuration where there is a SET sensor
(ex.: electromechanical).

Why:Reduce the error of the temperature of the evaporators, in a
system with a single temperature sensor, obtaining performance and effi-
ciency with a configuration of a cost lower than that suggested in conﬂgura-
tion 4.

Note 1:There is at least one SET or SCT temperature sensor
(that is, at least one evaporator has its temperature measured) and the duty

cycle Dps with continuous value within a range.
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Note 2:If there is preliminary knowledge on the refrigeration sys-
tem, which relates the motor’s load to the thermal load of each evaporator
(T1ps and T2ps) and the temperature of the monitored compartment (T1), it is
possible to estimate the temperature in the compartment not monitored (T2).
Thus, the system control will act over the duty cycle Dps until loads T1ps and
T2ps, together with the reading of the SET or SCT sensor of the monitored
compartment, achieve a value that corresponds to the value of the tempera-
ture estimated for the compartment not monitored.

6. System with at least two evaporators, with double suction VCC
compressor, two (SET or SCT) temperature sensors, continuous value for
duty cycle Dps, and compressor’s independent capacity value for each suc-
tion line:

What:Configuration where the system control defines the capaci-
ty required by each compartment or evaporator of the system and regulates
these capacities CAPgy by means of adjustments to the suction’s duty cycle
Dps and by means of the compressor’s capacity. There may be a capacity of
the compressor for each compartment (CAPcomp1 # CAPcome2), or a fixed
one (CAPcome1 = CAPcome2), prioritizing the best efficiency or the lowest
variation in capacity of the compressor.

Why:By means of the independent adjustment of the capacity in
each evaporator, it is possible to reduce consumption, once one of the evap-
orators will not have its performance impaired by occasional transitions of
thermal load in the second evaporator. There is also consumption reduction
by obtaining a capacity that is lower than the minimum obtained only by the
conventional variable capacity compressor; that is, the capacity of each
evaporator is defined by the compressor’'s minimum capacity and by the duty
cycle Dps, making it feasible a lower capacity and lower cycling of the com-
pressor.

Note 1:There are two (SET or SCT) temperature sensors, a duty
cycle Dps with continuous value within a range, and compressor’s capacities,

equal or different for each suction line (CAPcomp1 and CAPcome2).

AMENDED SHEET



10

15

20

25

30

22

P182044-PCT — PCT/BR2011/000455 - Specification and Claims (clean)

7. System with at least two evaporators, with VCC double suction
compressor, one or two (SET or SCT) temperature sensors, one sensor of
TDS load of the motor, continuous value for duty cycle Dps, and independent
capacity value of the compressor for each suction line:

What:Configuration identical to the previous one, however with
the addition of a sensor for the load processed by motor Tops. In this configu-
ration, both the duty cycle Dps (variable and continuous within a work range)
and the compressor’'s capacities CAPcomp1 and CAPconmp2, or a combination
of both variables of action, are defined based on the reading of one or two
(SET or SCT) temperature sensors and on the readings of loads T1ps and
T2ps. By combining this configuration with the proposal in 5, it is possible to
perform the control of the system with a single SET sensor (ex.: electrome-
chanical thermostat), and the temperature in the evaporator not monitored
(T2) is estimated based on the previous knowledge on the relation between
the temperature in the other evaporator (T1) and in loads T1ps and T2ps.

Why:Appropriate adjustment to the capacity of the double suction
compressor, without the need of ETH electronic thermostat in the system, but
of one or two SET sensors (ex.: electromechanical thermostats) and one
sensor for loads T1ps and T2ps. Please see figure 7.

Nota 1:There are one or two (SET or SCT) temperature sensors,
one duty cycle Dpg with continuous value within a range, and compressor’'s
capacities, which are equal or different for each suction line (CAPcomp1 and
CAPcowmp2).

8. System with at least two evaporators, with double suction
compressor such as ON-OFF, one or two (SET or SCT) temperature sen-
sors, one control capable of activating and quantifying the load of an induc-
tion motor, and continuous value for duty cycle Dps:

What: Configuration for activating and controlling a double suc-
tion compressor ON-OFF with variable and continuous duty cycle Dpg within
a work range, defined based on the reading of one or two (SET or SCT) sen-
sors, and on the reading of the load required by the induction motor for each

suction line. In this configuration, the system is equipped with a double suc-
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tion compressor, such as ON-OFF, having one single-phase induction motor,
the controller will be able to simultaneously control the power provided to the
induction motor, from the alternating current grid of 50Hz, 60Hz or another
frequency and voltage provided by the commercial power grid, and to control
the valve installed in the compressor’'s suction, by using the information cal-
culated by the controller of the motor regarding the level of load under which
this induction motor is operating, and based on a control logic, decide about
the proportion of time or number of compression cycles that the compressor
will operate by pumping the gas from each one of the suction lines. This con-
troller of the compressor can have at least one controllable bilateral switch
(such as Triac) connected in series to the main winding or one for motor op-
eration, whereas the controller measures the phase difference between the
voltage and the current applied to this motor, which allows for concluding
about the level of load to which this motor is subjected, being possible to
conclude, over time, about the evolution of this load applied to the shaft of
the motor, enabling to conclude about the proportion and evolution between
loads T1ps and T2ps when operating connected to the first or the second
suction line, the controller being able to decide about the opening time of the
suction valve according to a predefined logic. This load applied to the motor
when connected to each one of the suction lines keeps a proportion mainly
with the pressures of evaporation and, consequently, the temperatures of
evaporation in each evaporator.
Integration of the controllers to other elements of the System

There are suggestions of possible practical embodiments of the
control of the double suction compressor integrated to a refrigeration system,
where the elements "actuators”, "controls,” "sensors," inputs for sensor read-
ing and outputs of voltage and current can be integrated into a single elec-
tronic control already employed to perform other functions inside the refriger-
ation system.

The following integrated controls are suggested for the double

suction compressor:
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A. CDS with fixed timer: Electronic control with the main function
of activating the suction valve with a single fixed duty cycle, whenever a sin-
gle SET element acts (see Figure 4). The control has a simple timer circuit to
define the duty cycle Dps and can be built so as to be coupled or not with the
compressor. The control and the compressor can or cannot receive feeding
coming from the closing of the SET element. Low cost and complexity con-
trol, meeting the needs of the configuration for activation and control accord-
ingto 1.

B. CDS with fixed timers and sensoring of two SET elements:
Electronic control with the main function of activating the suction valve with
one of two prefixed duty cycles Dps, wherein each one of the two Dps values
refers to the actuation of one of two SET elements of the system (see Figure
5). The control has a circuit with simple timers to define the two Dpg values; it
has sensors to identify the state of both SET elements and can be built so as
to be coupled or not with the compressor. The control and the compressor
can or cannot receive feeding coming from the closing of the SET elements.
Low cost and complexity control, meeting the needs of configuration for acti-
vation and control according to 2.

C. CDS with fixed timers, logical processing capacity, and
sensoring of two SET elements: Electronic control with the main function of
activating the suction valve with one of three or more prefixed duty cycles
Dps, wherein the employment of each one of the Dps values is conditioned to
a control logic based on the state of at least two SET elements of the system.
The control has a circuit with simple timers to define the fixed values of Dps;
one logical circuit capable of defining the best Dpg value based on the state
of the SET elements; it has sensors to identify the state of the SET elements
and can be built so as to be coupled or not with the compressor. The CDS
control and the compressor can or cannot receive feeding coming from the
closing of the SET elements. Control of medium cost and complexity, meet-
ing the needs of the configuration for activation and control according to 3.

D. CDS with digital processing capacity, and sensoring of two

SET elements: Electronic control with the main function of activating the suc-
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tion valve with a continuous duty cycle Dpg within a range, wherein the Dps
value is continuously adjusted according to the control logic based on the
state of at least two SET elements of the system. The control has one digital
processing element (micro-controller or DSP — Digital Signal Processor); one
logic capable of defining the best Dps value based on the state of the SET
elements; it has sensors to identify the state of the SET elements and can be
built so as to be coupled or not with the compressor. The CDS control and
the compressor can or cannot receive feeding coming from the closing of the
SET elements. If it is necessary to have the history of the activations of the
SET elements to define the best Dps value, the CDS 90 element shall be
permanently energized or have the capacity of memorizing its state before
the simultaneous disconnection of the SET elements. Higher cost and com-
plexity control, meeting the needs of the configuration for activation and con-
trol according to 4.

E. CDS with digital processing capacity, having a STQ element
and sensoring of one or two SET elements: Electronic control with the main
function of activating the suction valve with a continuous Dps duty cycle with-
in a range, wherein the Dps value is continuously adjusted according to the
control logic based on the state of one or two SET elements of the system,
and on the values of load processed by the compressor's motor, obtained by
the STQ element. Figure 6 illustrates the configuration where there is only
one SET element. The control has one digital processing element (micro-
controller or DSP); one logic capable of defining the best Dps value based on
the state of one or two SET elements; one STQ element, and it has sensors to
identify the state of up to two SET elements, and can be built so as to be cou-
pled or not with the compressor. Higher cost and complexity control, meeting the
needs of the configuration for activation and control according to 5.

F. CDS control follower. Electronic control with the main function
of activating the suction valve with a continuous duty cycle Dps within a
range, wherein the Dps value is continuously adjusted according to control
signals coming from another electronic control, such as an ETH (please see

Figure 2b) or I-VCC control. The control has a circuit that follows control sig-
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nals, translating them into values of duty cycle Dps. It can be built so as to be
coupled or not with the compressor, or together with the ETH or I-VCC con-
trols. Lower cost and complexity control, being one of the elements neces-
sary to perform the configuration for activation and control according to 6.

G.CDS integrated fo I-VCC control: Single electronic set, con-
taining the I-VCC control and the CDS control described in CDS control fol-
lower. In this integrated control, the value of Dps and of the capacity of the
VCC compressor (CAPcome1 and CAPcome2) are continuously adjusted ac-
cording to the controls coming from an ETH control. It can be built so as to be
coupled or not with the compressor. Higher cost and complexity control, be-
ing one of the forms to perform the configuration for activation and control
according to 6.

H. CDS integrated with I-VCC and ETH controls: Single electron-
ic set, containing the |I-VCC and ETH controls, and the CDS control de-
scribed in CDS control follower. In this integrated control, the value of Dps
and of the capacity of the VCC compressor (CAPcomp1 and CAPcomp2) are
continuously adjusted according to control logic based on the readings of the
SCT sensors of the system. The control has a digital processing element
(micro-controller or DSP); a logic capable of defining the best set of variables
of action (Dps, CAPcomp1 and CAPcomp2) based on the readings of the SCT
sensors, and can be built so as to be coupled or not with the compressor.
Higher cost and complexity control, being one of the forms to perform the
configuration for activation and control according to 6.

I. CDS integrated with I-VCC controls, having a STQ element.
Single electronic set, containing I-VCC and CDS controls as described in
CDS follower of controls, further containing a STQ element (see Figure 7). In
this integrated control the value of Dps and of the capacity of the VCC com-
pressor (CAPcomp1 and CAPcomp2) are continuously adjusted according to
the state of one or two SET elements of the system, and to the values of load
processed by the compressor's motor, obtained by the STQ element. The
control has a digital processing element (micro-controller or DSP); a logic

capable of defining the best set of variables of action (Dps, CAPcompt and
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CAPcomr2) based on the state of one or two SET elements; one STQ ele-
ment, and it has sensors to identity the state of up to two SET elements, and
can be built so as to be coupled or not with the compressor. Higher cost and
complexity control, being one of the forms to perform the configuration for
activation and control according to 7.

J. CDS integrated with TSD control: Electronic set according to
"CDS with fixed timer;” "CDS with fixed timers and sensoring of two SET el-
ements", "CDS with fixed timers, logical processing capacity, and sensoring
of two SET elements;" "CDS with digital processing capacity, and sensoring
of two SET elements;" "CDS with digital processing capacity, having one
STQ element and sensoring of one or two SET elements” and; "CDS follower
of controls, " integrated with TSD control.

K. CDS integrated with CVC control. Electronic set according to
"CDS with digital processing capacity, and sensoring of two SET elements;"
and "CDS with digital processing capacity, having one STQ element and
sensoring of one or two SET elements” integrated with CVC 80 control,
where one single digital processing element (micro-controller or DSP) defines
the variables of action Dps and the duty cycle of the valve(s) that regulate 40
the restriction 50 of the capillary element (please see Figure 8).

L. CDS integrated with CVC control follower of controls: Electron-
ic set according to "CDS follower of controls," integrated with CVC 80 control,
with two circuits that follow control signals, translating them into values of

duty cycle Dps and duty cycle of the valve(s) that regulate 40 the restriction

50 of the capillary element. It can be built so as to be coupled or not with the

compressor.

A possible alternative solution for the control logic of the system
is represented in figures 9, 10, 11, 12 and 13.

In this solution, a refrigerator, comprised by a compressor with at
least two suctions, the refrigerator having at least two evaporators, one con-
denser, at least one temperature sensor located in one of the compartments
to be refrigerated, having capillary tubes connected to each one of the evap-

orators, and at least one valve for controlling the flow of one of the suctions,
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an electronic control operatively connected to the compressor and the valve
for suction control, capable of at least detecting the compressor’s load point
by a process that can be the observation of the input current or the observa-
tion of the gap between the current and the voltage applied to the compres-
sor's motor, and of controlling the suction valve’s opening or closing state,
wherein the compressor has its on or off operation state determined based
on the observation of the temperature in at least one of the compartments,
characterized in that the electronic controlier keeps the suction valve aiterna-
tively opened and closed, at a time relation calculated according to a mathe-
matical function that considers fixed parameters related to predefined charac-
teristics of the refrigeration system, and load parameters measured in the
compressor when alternatively connected to the freezer's or refrigerator’s
suction line.

This mathematical function considers predefined parameters of
the project on the refrigeration system, such as the temperatures desired in
each cabinet, its corresponding pressure of saturation of the refrigerant gas,
and the relation between these pressures, and parameters measured from
the compressor which are the loads of the compressor when connected to
each one of the suction lines, and the proportion between these loads.

After describing examples of preferred embodiments, it shall be
understood that the scope of the present invention encompasses other pos-
sible variations, being limited only by the contents of the attached claims,

where the possible equivalents are included.
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CLAIMS

1. Method for controlling and adjusting the refrigeration capaci-
ties of a refrigeration system equipped with a double suction compressor,
the system comprising compartments to be refrigerated and comprising at
least two evaporators (20) positioned in the compartments to be refrigerated
(60,70), the double suction compressor (10) being controllable to alternate its
compression capacity, the method being comprising the steps of:

(i) continuously measuring at least a temperature coming from
a temperature sensor (SET,SCT) associated with at least one of the evapora-
tors (20);

(if) acting in the compression capacity of the compressor (10),
based on the measurement of step (i), the acting in the compressor’s capaci-
ty (CAPcomp) Of the compressor (10) being performed through the intermittent
connection and disconnection of its operation,

the method being characterized in that under operation, the re-
frigeration system alternates the operation of each one of the suctions of the
compressor’s (10) double suction,

the interchange of operation of the suctions of the compressor
(10) is performed through modulation with a duty cycle (Dlps, D2ps), the
modulation being performed in a complementary manner between each one
of the suctions (SC1,SC,) such that:

a refrigeration capacity of a first refrigerated compartment (60),
related to the capacity of a first evaporator (CAPgy1) related to a first suction
line (SC,), and that the refrigeration capacity of a second refrigerated com-
partment (70), related to the capacity of a second evaporator (CAPg\2) relat-
ed to a second suction line (SC,), result from the multiplication of the com-
pressor’'s (10) capacity (CAPcomp) and from the respective suction duty cy-
cles (D1ps,D2ps).

2. Method according to claim 1, characterized in that the modula-
tion comprises variable duty cycles (D1ps, D2ps) between each one of the
suctions (SC4,SCy).

3. Method according to claim 1, characterized in that the modula-

tion comprises a duty cycle (D1ps, D2ps) with a fixed duty cycle value be-
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tween each one of the suctions (SC1,SCy).

4. Method according to claim 3, characterized in that it comprises
a step of measuring one first temperature (T1) from a single temperature
sensor (SET), the temperature sensor (SET) being positioned in a compart-
ment to be refrigerated (60,70) and which, in turn, is related to one first suc-
tion line that operates in a first duty cycle (D1ps).

5. Method according to claim 4, characterized in that the com-
pressor (10) is connected when the first temperature (T1) is above a refer-
ence value.

6. Method according to claim 3, characterized in that the step of
measuring a first temperature (T1) and a second temperature (T2) from tem-
perature sensors (SET,SCT), the temperature sensors (SET,SCT) being po-
sitioned in different compartments to be refrigerated (60,70), the compressor
(10) being disconnected when both the first and second temperatures
(T1,T2) achieve temperature reference values.

7. Method according to claim 3, characterized in that the duty
cycle (D1ps, D2ps) is adjusted to such a value that the first and second tem-
peratures (T1,T2) achieve their respective reference values at the same mo-
ment.

8. Method according to claim 3, characterized in that the step of
measuring a first temperature (T1) and a second temperature (T2) from tem-
perature sensors (SET,SCT), the temperature sensors (SET,SCT) being po-
sitioned in different compartments to be refrigerated (60,70), the compressor
(10) will have its capacity increased if the first or second temperatures
(T1,T2) achieve temperature reference values at different moments.

9. Method according to claim 7, characterized in that the inter-
change of operation of the compressor’s (10) suctions is performed though
the modulation with a duty cycle (D1lps, D2ps), the modulation being per-
formed in a complementary manner between each one of the suctions
(SC1,SC,), and being chosen among the three fixed values of duty cycle from
the combination of values obtained for the first temperature (T1) and the se-
cond temperature (T2).

10. Method according to claim 1, characterized in that the opera-
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tion in the compressor’s (10) capacity is performed through the phased varia-
tion in its operation state.

11. Method according to claim 9, characterized in that the inter-
change of operation of the compressor’s (10) suctions is performed through
modulation with a duty cycle (D1ps, D2ps), the modulation being performed in
a complementary manner between each one of the suctions (SC1,SC,).

12. Method according to claims 10, characterized in that the
modulation comprises variable duty cycles (D1ps, D2ps) between each one of
the suctions (SC1,SC,).

13. Method according to claim 12, characterized in that the mod-
ulation comprises duty cycle (D1ps, D2ps) with a fixed duty cycle value be-
tween each one of the suctions (SC1,SCy).

14. Method according to claim 1, characterized in that a first suc-
tion line (SC,) is activated from the measurement of the first temperature (T1)
and that the second suction line (SC,) is activated from the second tempera-
ture (T2).

15. Method according to claim 1, characterized in that the value
of the duty cycles (D1ps, D2ps) and the capacity values of the compressor
(CAPcomp1,CAPcomp2) are defined based on the reading of two temperature
sensors (SET,SCT), the first temperature sensor (SET,SCT) being related to
the first temperature (T1) of the first refrigerated compartment (60), which in
turn is related to the first suction line (SC;) which operates in a first duty cycle
(D1ps) and that the second temperature sensor (SET,SCT) is related to the
second temperature (T2) of a second refrigerated compartment (70), which in
turn is related to a second suction line that operates in a second duty cycle
(D2ps).

16. Method according to claim 15, characterized in that a de-
mand for capacity of the first refrigerated compartment (60), related to the
capacity of a first evaporator (CAPgy1), is obtained through the reading of the
first temperature (T1) and that a demand for capacity of the second refriger-
ated compartment (70), related to the capacity of the second evaporator
(CAPgy2), is obtained through the reading of the second temperature (T2).

17. Method according to claim 1, characterized in that the value
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of the duty cycles (D1ps, D2ps) and the values of capacity of the compressor
(CAPcomp1,CAPcowvp2) are defined based on the reading of two or more tem-
perature sensors (SET,SCT) and based on the reading of a load sensor
(STQ) of the compressor (10), where at least one first sensor is related to the
first temperature (T1) of the first refrigerated compartment (60), which, in
turn, is related to one first suction line (SC,) that operates in a first duty cycle
(D1ps) and that the second temperature sensor (SET, SCT) is related to the
second temperature (T2) of a second refrigerated compartment (70), which in
turn is related to a second suction line that operates in a second duty cycle
(D2ps).

18. Method according to claim 1, characterized in that the values
of the duty cycles (D1ps, D2ps) are defined based on the reading of a first
temperature (T1) and based on the reading of a load sensor (STQ) of the
compressor (10), the second estimated temperature (T2g) being calculated
from the value of the reading of a load sensor (STQ).

19. System for controlling a double suction compressor (10) for
application in refrigeration systems, the refrigeration system comprising at
least two evaporators (20), positioned in the compartments to be refrigerated
(60,70),

the double suction (SC1,SC,) compressor (10) being controllable
to alternate its compression capacity, the compressor being controlled by an
electronic control (90),

the system comprising:

at least two evaporators (20);

the electronic control being configured to act in the compression
capacity of the compressor (10), from the measurement of at least a temper-
ature sensor (SET,SCT) associated with at least one of the evaporators (20),
the system being characterized in that:

the action in the compressor’s capacity (CAPcowp) is performed
through the connection and intermittent disconnection of its operation,

the electronic control (90) controls an interchange of operation of
each one of the suctions of the compressor’s (10) double suction, and

the interchange of operation of the compressor’s (10) suctions is
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performed through modulation with a duty cycle (D1ps, D2ps), the modulation
being performed in complementary manner between each one of the suc-
tions (SC1,SC>) such that:

a refrigeration capacity of a first refrigerated compartment (60),
related to the capacity of a first evaporator (CAPgy1) related to a first suction
line (SC,), and that the refrigeration capacity of a second refrigerated com-
partment (70), related to the capacity of a second evaporator (CAPg\2) relat-
ed to a second suction line (SC,), result from the multiplication of the com-
pressor’'s (10) capacity (CAPcomp) and from the respective suction duty cy-
cles (D1ps,D2ps).

20. System according to claim 19, characterized in that the elec-
tronic control (90) controls the modulation between each one of the suctions
(SC41,SCy) in variable duty cycles (D1ps, D2ps).

21. System according to claim 20, characterized in that the mod-
ulation comprises duty cycle (D1ps, D2ps) with a fixed duty cycle value be-
tween each one of the suctions (SC1,SCy).

22. System according to claim 21, characterized in that it com-
prises a single temperature sensor (SET,SCT) to measure a first temperature
(T1), the temperature sensor (SET,SCT) being positioned in a compartment
to be refrigerated (60,70) and which, in turn, is related to a first suction line
(SC1) which operates in the first duty cycle (D1ps).

23. System according to claim 22, characterized in that the elec-
tronic control (90) is configured to turn on the compressor (10) when the first
temperature (T1) is above a reference value.

24. System according to claim 23, characterized in that it com-
prises temperature sensors (SET,SCT) positioned in different compartments
to be refrigerated (60,70), the electronic control (90) being configured to turn
off the compressor (10) when both the first and second temperatures (T1,T2)
achieve temperature reference values.

25. System according to claim 23, characterized in that it com-
prises temperature sensors (SET,SCT) positioned in different compartments
to be refrigerated (60,70), the electronic control (90) being configured to in-

crease the compressor’s (10) capacity if the first or the second temperatures



10

15

20

25

30

34

(T1,T2) achieve temperature reference values at different moments.

26. System according to claim 25, characterized in that the elec-
tronic control (90) is configured to control the interchange of operation of the
compressor’s (10) suctions (SC.,SC,) through modulation with a duty cycle
(D1ps, D2ps), the modulation being performed in a complementary manner
between each one of the suctions (SC,,SC,), and being chosen among the
three fixed values of duty cycle from the combination of values obtained from
the first temperature (T1) and from the second temperature (T2).

27. System according to claim 19, characterized in that the com-
pressor (10) is configured to have its capacity adjustable through the phased
variation in its operation state.

28. System according to claim 27, characterized in that the com-
pressor (10) is a variable capacity one.

29. System according to claim 28, characterized in that the elec-
tronic control is configured to control the interchange of operation of the
compressor’s (10) suctions (SC,,SC,), performed through modulation with a
duty cycle (D1ps, D2ps), the modulation being performed in a complementary
manner between each one of the suctions (SC,,SC,).

30. System according to claim 29, characterized in that the mod-
ulation comprises variable duty cycles (D1ps, D2ps) between each one of the
suctions (SC4,SCy).

31. System according to claim 29, characterized in that the mod-
ulation comprises variable duty cycles (D1ps, D2ps) between each one of the
suctions (SC,,SCy).

32. System according to claim 19, characterized in that the elec-
tronic control is configured so that a first suction line (SC,) is activated from
the measure of the first temperature (T1) and that the second suction line
(SCy,) is activated from the second temperature (T2).

33. System according to claim 32, characterized in that the value
of the duty cycles (D1ps, D2ps) and the capacity values of the compressor
(CAPcomp1,CAPcomp2) are defined based on the reading of two temperature
sensors (SET,SCT), the first temperature sensor (SET,SCT) being related to

the first temperature (T1) of the first refrigerated compartment (60), which in
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turn is related to the first suction line (SC1) which operates in a first duty cycle
(D1ps) and that the second temperature sensor (SET,SCT) is related to the
second temperature (T2) of a second refrigerated compartment (70), which in
turn is related to a second suction line (SC,) which operates in a second duty
cycle (D2ps).

34. System according to claim 33, characterized in that a de-
mand for capacity of the first refrigerated compartment (60), related to the
capacity of a first evaporator (CAPgy1), is obtained through the reading of the
first temperature (T1) and that a demand for capacity of the second refriger-
ated compartment (70), related to the capacity of the second evaporator
(CAPgy2), is obtained through the reading of the second temperature (T2).

35. System according to claim 34, characterized in that the value
of the duty cycles (D1ps, D2ps) and the values of the compressor’'s capacity
(CAPcomp1,CAPcowvp2) are defined based on the reading of two or more tem-
perature sensors (SET,SCT) and based on the reading of a load sensor
(STQ) of the compressor (10), where at least a first sensor is related to the
first temperature (T1) of the first refrigerated compartment (60), which in turn
is related to a first suction line (SC;) which operates in a first duty cycle
(D1ps) and in that the second temperature sensor (SET, SCT) is related to
the second temperature (T2) of a second refrigerated compartment (70),
which in turn is related to a second suction line that operates in a second du-
ty cycle (D2ps).

36. System according to claim 35, characterized in that the val-
ues of the duty cycles (D1ps, D2ps) are defined based on the reading of a
first temperature (T1) and based on the reading of a load sensor (STQ) of the
compressor (10), the second estimated temperature (T2g) being calculated
from the value of the reading of a load sensor (STQ).

37. System for controlling a double suction compressor (10) for
application in refrigeration systems, the refrigeration system being character-
ized in that it comprises:

- a compressor (10) with at least two suctions (SC1,SC,),

- at least two evaporators (20), positioned in the compartments to
be refrigerated (60,70),
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- at least one temperature sensor (SET,SCT) located in one of
the compartments to be refrigerated (60,70), having capillary tubes connect-
ed to each one of the evaporators, and at least a valve for controlling the flow
of one of the suctions (SC1,SCy,),

- an electronic control (90) operatively connected to the com-
pressor (10) and to the valve for suction control, the electronic control being
configured to detect a load of the compressor (10) and control an opening or
closing state of the suction valve, the compressor having its on or off opera-
tion state determined from the observation of a temperature (T1,T2) in at
least one of the compartments to be refrigerated (60,70), the electronic con-
troller (90) keeping the suction valve alternatively opened and closed and
modulating in a complementary manner the operation of each one of the suc-
tions (SC1,SC,), in a time relation calculated from the measurement of at
least one temperature sensor (SET,SCT) associated with at least one of the
evaporators (20),

a refrigeration capacity of a first refrigerated compartment (60),
related to the capacity of a first evaporator (CAPgy1) related to a first suction
line (SC,), and that the refrigeration capacity of a second refrigerated com-
partment (70), related to the capacity of a second evaporator (CAPg\2) relat-
ed to a second suction line (SC,), result from the multiplication of the com-
pressor’'s (10) capacity (CAPcomp) and from the respective suction duty cy-
cles (D1ps,D2ps).

38. Refrigerator that comprises a refrigeration circuit that in-
cludes a compressor (10) comprising at least two suctions (SC1,SC,),

the refrigerator comprising compartments to be refrigerated and
comprising at least two evaporators (20) positioned in the compartments to
be refrigerated (60,70);

an electronic control operatively connected to the compressor
and to the valve for suction control;

at least one valve for flow control to divide the fluid connection of
one of the suctions to one of the evaporators (20);

the refrigerator being characterized in that

the electronic control (90) is configured to measure at least a var-
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iable of behavior of the refrigeration circuit to selectively control the suction
valve and alternate an operation state of one of the evaporators (20) in a
complementary manner and in a proportion of interchange established by the
relation of measures of at least one variable of behavior of the refrigeration
circuit,

a refrigeration capacity of a first refrigerated compartment (60),
related to the capacity of a first evaporator (CAPgy1) related to a first suction
line (SC,), and that the refrigeration capacity of a second refrigerated com-
partment (70), related to the capacity of a second evaporator (CAPg\2) relat-
ed to a second suction line (SC,), result from the multiplication of the com-
pressor’'s (10) capacity (CAPcomp) and from the respective suction duty cy-
cles (D1ps,D2ps).

39. Refrigerator according to claim 38, characterized in that the
electronic control (90) is associated with at least one temperature sensor
(SET,SCT) located in at least one of the compartments to be refrigerated
(60,70), the electronic control (90) being configured so that the compressor’s
(10) operation is disconnected when the temperature sensor (SET,SCT)

achieves a temperature reference value previously established.



