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(54) Sequential dual evaporator refrigerator and method of controlling the same

(57) A refrigerator and method are provided where
the refrigerator includes at least a refrigerator compart-
ment (C2) cooled by a refrigerator evaporator, a freezer
compartment (C1) cooled by a freezer evaporator, a com-
pressor, a controller, and a valve that selectively couples
the compressor to a selected one of the refrigerator evap-
orator and the freezer evaporator. The method includes
determining both refrigerator and freezer compartment

cooling priorities as a function of the respective actual
refrigerator or freezer compartment temperatures, de-
sired refrigerator or freezer compartment temperatures,
and refrigerator or freezer hysteresis. The refrigerator
and freezer compartment cooling priorities having one of
the following priority levels: high, medium, low, and sat-
isfied. The method further includes selecting a current
refrigerator system mode in response to the refrigerator
and freezer compartment cooling priorities.
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Description

[0001] The present invention generally relates to a sequential dual evaporator refrigerator, and more particularly relates
to a particular method of controlling the same.
[0002] According to one aspect of the present invention, a method is disclosed for controlling a refrigerator having at
least a refrigerator compartment cooled by a refrigerator evaporator, a freezer compartment cooled by a freezer evap-
orator, a compressor, and a valve that selectively couples the compressor to a selected one of the refrigerator evaporator
and the freezer evaporator. The method comprises the steps of: (a) determining the refrigerator compartment cooling
priority as a function of the actual refrigerator compartment temperature, a desired refrigerator compartment temperature,
and a refrigerator hysteresis, wherein the refrigerator compartment cooling priority has one of the following priority levels:
high, medium, low, and satisfied; (b) determining the freezer compartment cooling priority as a function of the actual
freezer compartment temperature, a desired freezer compartment temperature, and a freezer hysteresis, wherein the
freezer compartment cooling priority has one of the following priority levels: high, medium, low, and satisfied; (c) selecting
a current refrigerator system mode in response to a refrigerator compartment cooling priority and a freezer compartment
cooling priority, the current refrigerator system mode is selected from at least the following modes: a pull down mode
during which both the freezer and refrigerator compartments are alternatingly and periodically cooled, a refrigerator
compartment cooling mode in which the refrigerator compartment is cooled, a freezer compartment cooling mode in
which the freezer compartment is cooled, and a satisfied mode in which neither the refrigerator or freezer compartments
are cooled; and (d) controlling the valve and the compressor to selectively cool one, both or neither of the refrigerator
compartment and the freezer compartment based on the current refrigerator system mode.
[0003] According to another aspect of the present invention, a refrigerator is provided that comprises: a refrigerator
compartment; a freezer compartment; a refrigerator compartment temperature sensor for sensing an actual refrigerator
compartment temperature; a freezer compartment temperature sensor for sensing an actual freezer compartment tem-
perature; a refrigerator evaporator associated with the refrigerator compartment; a freezer evaporator associated with
the freezer compartment; a compressor; a valve fluidly coupled between the compressor and the refrigerator evaporator
and the freezer evaporator, wherein, in response to a valve control signal, the valve is selectively operative to open or
close between the compressor and the refrigerator evaporator to allow or prevent refrigerant from flowing therebetween
and to open or close between the compressor and the freezer evaporator to allow or prevent refrigerant from flowing
therebetween; and a controller electrically coupled to the compressor, the valve, the refrigerator compartment temperature
sensor, and the freezer compartment temperature sensor. The controller is provided for turning the compressor on and
off, for selecting operational states of the valve, and for determining a current refrigerator system mode in response to
a refrigerator compartment cooling priority and a freezer compartment cooling priority, the current refrigerator system
mode is selected from at least the following modes: a pull down mode during which both the freezer and refrigerator
compartments are alternatingly and periodically cooled, a refrigerator compartment cooling mode in which the refrigerator
compartment is cooled, a freezer compartment cooling mode in which the freezer compartment is cooled, and a satisfied
mode in which neither the refrigerator or freezer compartments are cooled. The refrigerator compartment cooling priority
has one of the following priority levels: high, medium, low, and satisfied, wherein the refrigerator compartment cooling
priority is determined of as a function of the actual refrigerator compartment temperature, a desired refrigerator com-
partment temperature, and a refrigerator hysteresis. The freezer compartment cooling priority has one of the following
priority levels: high, medium, low, and satisfied, wherein the freezer compartment cooling priority is determined of as a
function of the actual freezer compartment temperature, a desired freezer compartment temperature, and a freezer
hysteresis.
[0004] The invention will be further described by way of example with reference to the accompanying drawings, in which:

Fig. 1 is a schematic representation of a refrigerator constructed in accordance with an embodiment of the present
invention;
Fig. 2 is a temperature controller main state diagram;
Fig. 3 is a temperature controller enable state diagram;
Fig. 4 is a control initialization state machine;
Fig. 5 is a no error state machine;
Fig. 6 is a satisfied mode state diagram;
Fig. 7 is a pull-down mode state diagram;
Fig. 8 is a C1 cooling mode state diagram;
Fig. 9 is a process C1 pre-cooling activity diagram;
Fig. 10 is a C2 cooling mode state diagram;
Fig. 11 is a C1 sensor error state diagram;
Fig. 12 is a C2 sensor error state diagram;
Fig. 13 is a C1 and C2 sensor error state diagram;
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Fig. 14 is a defrost preparation state diagram;
Fig. 15 is a temperature controller disabled state diagram; and
Fig. 16 is a graph illustrating average refrigerator compartment temperature, average freezer compartment temper-
ature and wattage taken with respect to time for a refrigerator constructed in accordance with the present invention.

[0005] Reference will now be made in detail to the present preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawings. Wherever possible, the same reference numerals will be used through-
out the drawings to refer to the same or like parts.
[0006] Fig. 1 shows a schematic representation of a refrigerator 10 according to a first embodiment. The refrigerator
shown is a sequential dual evaporator refrigerator in that it includes a refrigerator compartment 20 and a freezer com-
partment 30 as well as separate evaporators for each compartment, namely, a refrigerator evaporator 24 associated
with refrigerator compartment 20 and a freezer evaporator 34 associated with freezer compartment 30, wherein the
refrigerant is sequentially supplied to each evaporator using a valve 45 and a compressor 40. Valve 45 is fluidly coupled
between compressor 40 and refrigerator evaporator 24 and freezer evaporator 34, wherein, in response to a valve control
signal, valve 45 is selectively operative to open or close between compressor 40 and refrigerator evaporator 24 to allow
or prevent refrigerant from flowing therebetween and to open or close between compressor 40 and freezer evaporator
34 to allow or prevent refrigerant from flowing therebetween.
[0007] Refrigerator 10 may further comprise a refrigerator compartment (RC) temperature sensor 22 for sensing an
actual refrigerator compartment temperature; a freezer compartment (FC) temperature sensor 32 for sensing an actual
freezer compartment temperature; and a controller 50 electrically coupled to compressor 40, valve 45, refrigerator
compartment temperature sensor 22, and freezer compartment temperature sensor 32. Controller 50 is programmed
or otherwise configured for turning compressor 40 on and off, for selecting operational states of valve 45, and for
determining a current refrigerator system mode in response to a refrigerator compartment cooling priority and a freezer
compartment cooling priority.
[0008] Refrigerator 10 may further comprise a refrigerator fan 26 coupled to controller 50 for moving air past refrigerator
evaporator 24 into refrigerator compartment 20, where controller 50 turns refrigerator fan 26 on and off. As described
further below, the refrigerator fan on time is extended at the end of each refrigerator cooling cycle, and is turned off when
the actual refrigerator evaporator temperature is getting closer to the actual refrigerator compartment temperature. The
refrigerator fan extension helps to continue cooling the refrigerator compartment and also helps to defrost the refrigerator
evaporator without a heater. Refrigerator 10 may also further comprise a freezer fan 36 coupled to controller 50 for
moving air past freezer evaporator 34 into freezer compartment 30, where controller 50 turns freezer fan 36 on and off.
[0009] A refrigerator evaporator temperature sensor 28 may be provided on or at refrigerator evaporator 24 so as to
sense the temperature thereof and provide the sensed temperature to controller 50. Similarly, a freezer evaporator
temperature sensor 38 may be provided on or at freezer evaporator 34 so as to sense the temperature thereof and
provide the sensed temperature to controller 50. Controller 50 may use these temperature readings to control fans 26
and 36 as described further below.
[0010] Refrigerator 10 may additionally include a condenser 42 and a drier 44 fluidly connected between compressor
40 and valve 45. A check valve 48 may be provided between the output line of freezer evaporator 34 and compressor
40 so as to prevent backflow of refrigerant to freezer evaporator 34.
[0011] Lastly, refrigerator 10 may include a user interface 55 coupled to controller 50 for allowing a user to manually
set a desired refrigerator compartment temperature, and a desired freezer compartment temperature. User interface 55
may optionally include door open sensors for both refrigerator compartment 20 and freezer compartment 30.
[0012] Valve 45 is preferably a three-way valve, but may consist of two or more two-way valves. Valve 45 is fluidly
coupled to refrigerator evaporator 24 via a first capillary tube 47 and is coupled to freezer evaporator 34 through a second
capillary tube 49. Valve 45 may have four different positions: (1) open to refrigerator evaporator 24 only (when controller
50 determines that the variables C2_VALVE = OPEN and C1_VALVE = CLOSE); (2) open to freezer evaporator 34 only
(when controller 50 determines that the variables C1_VALVE = OPEN and C2_VALVE = CLOSE); (3) open to both
refrigerator evaporator 24 and freezer evaporator 34 (when controller 50 determines that the variables C1_VALVE =
OPEN and C2_VALVE = OPEN); and (4) closed to both refrigerator evaporator 24 and freezer evaporator 34 (when
controller 50 determines that the variables C1_VALVE = CLOSE and C2_VALVE = CLOSE).
[0013] Having generally described the structure of refrigerator 10, a method for controlling refrigerator 10 is now
described. The method is generally executed by controller 50, which executes an algorithm in order to control the
operation of valve 45, compressor 40, refrigerator fan 26, and freezer fan 36 in response to various inputs from user
interface 55, RC temperature sensor 22, FC temperature sensor 32, refrigerator evaporator temperature sensor 28, and
freezer evaporator temperature sensor 38. The method generally may comprise the steps of: (a) determining the refrig-
erator compartment cooling priority as a function of the actual refrigerator compartment temperature, a desired refrigerator
compartment temperature, and a refrigerator hysteresis, wherein the refrigerator compartment cooling priority has one
of the following priority levels: high, medium, low, and satisfied; (b) determining the freezer compartment cooling priority
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as a function of the actual freezer compartment temperature, a desired freezer compartment temperature, and a freezer
hysteresis, wherein the freezer compartment cooling priority has one of the following priority levels: high, medium, low,
and satisfied; (c) selecting a current refrigerator system mode in response to a refrigerator compartment cooling priority
and a freezer compartment cooling priority, the current refrigerator system mode is selected from at least the following
modes: a pull-down mode during which both the freezer and refrigerator compartments are alternatingly and periodically
cooled, a refrigerator compartment cooling mode in which the refrigerator compartment is cooled, a freezer compartment
cooling mode in which the freezer compartment is cooled, and a satisfied mode in which neither the refrigerator nor
freezer compartments is cooled; and (d) controlling the valve and the compressor to selectively cool one, both or neither
of the refrigerator compartment and the freezer compartment based on the current refrigerator system mode. The freezer
hysteresis may be different from the refrigerator hysteresis, and is preferably greater than the refrigerator hysteresis.
However, this is not a necessary condition.
[0014] The refrigerator system mode may be set to satisfied mode when both the refrigerator compartment cooling
priority and the freezer compartment cooling priority are in the satisfied priority levels. The refrigerator system mode
may be set to pull-down mode when both the refrigerator compartment cooling priority and the freezer compartment
cooling priority are in the high priority levels.
[0015] In general, and with some exceptions explained below, the refrigerator system mode is set to refrigerator
compartment cooling mode when the refrigerator compartment cooling priority is greater than the freezer compartment
cooling priority. In general, and with some exceptions explained below, the refrigerator system mode may be set to
freezer compartment cooling mode when the freezer compartment cooling priority is at the high priority level and the
refrigerator compartment cooling priority is not at the high priority level, or when the actual refrigerator compartment
temperature is lower than the desired refrigerator compartment temperature minus the refrigerator hysteresis.The re-
frigerator compartment cooling priority may be determined to be in a satisfied priority level when the actual refrigerator
compartment temperature minus the desired refrigerator compartment temperature is less than or equal to the refrigerator
hysteresis. The freezer compartment cooling priority may be determined to be in a satisfied priority level when the actual
freezer compartment temperature minus the desired freezer compartment temperature is less than or equal to the freezer
hysteresis.
[0016] Controller 50 may determine that the refrigerator compartment cooling priority should be in a high priority level
when the actual refrigerator compartment temperature minus the desired refrigerator compartment temperature is greater
than or equal to a sum of a refrigerator compartment high priority constant and the refrigerator hysteresis. The freezer
compartment cooling priority may be determined to be in a high priority level when the actual freezer compartment
temperature minus the freezer refrigerator compartment temperature is greater than or equal to a sum of a freezer
compartment high priority constant and the freezer hysteresis. The freezer compartment high priority constant may be
the same as or different from the refrigerator compartment high priority constant.
[0017] Controller 50 may determine that the refrigerator compartment cooling priority should be in a medium priority
level when the actual refrigerator compartment temperature minus the desired refrigerator compartment temperature
is: (1) greater than a sum of a refrigerator compartment medium priority constant and the refrigerator hysteresis, and
(2) less than or equal to a sum of a refrigerator compartment high priority constant and the refrigerator hysteresis. The
freezer compartment cooling priority may be determined to be in a medium priority level when the actual freezer com-
partment temperature minus the freezer refrigerator compartment temperature is: (1) greater than a sum of a freezer
compartment medium priority constant and the freezer hysteresis, and (2) less than or equal to a sum of a freezer
compartment high priority constant and the freezer hysteresis. The freezer and refrigerator compartment medium priority
constants can be different or the same.
[0018] The refrigerator compartment cooling priority is determined to be in a low priority level when the actual refrigerator
compartment temperature minus the desired refrigerator compartment temperature is: (1) greater than the refrigerator
hysteresis, and (2) less than or equal to a sum of a refrigerator compartment medium priority constant and the refrigerator
hysteresis. The freezer compartment cooling priority is determined to be in a low priority level when the actual freezer
compartment temperature minus the freezer refrigerator compartment temperature is: (1) greater than the freezer hys-
teresis, and (2) less than or equal to a sum of a freezer compartment medium priority constant and the freezer hysteresis.
The freezer and refrigerator compartment medium priority constants can be different or the same.
[0019] As explained further below, the embodiment disclosed herein allows the ON/OFF cycles of compressor 40 to
be reduced which lowers power consumption. The values of the hysteresis and medium and high priority constants may
be independent for the freezer and refrigerator compartments and may be optimized to minimize the ON/OFF cycles of
compressor 40.
[0020] Having generally described the operation of controller 50, a more specific example of operation is described
below with respect to Figs. 2-16. The following example is provided for purposes of illustration and should not be
considered as limiting the scope of the present invention.
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EXAMPLE

[0021] In this example, various parameters and variables are used by the algorithm executed by controller 50. Pa-
rameters are constants that may be stored in non-volatile memory (if available) or in program memory. Parameters may
be used to set values for key parts of an algorithm (especially those that are difficult to specify without performance
evaluation or are model specific). These variables may be easily modified for development of algorithms and calibration
of product performance. A list of the parameters and some exemplary default values, ranges, resolutions and units are
provided in Table 3 appearing at the end of this example. A list of the variables and some exemplary default values,
ranges, resolutions and units are provided in Table 4 appearing at the end of this example. The parameters and variables
in Tables 3 and 4 are just for reference. Each application may have its own default values for parameters and variables.
[0022] Fig. 2 shows a main temperature controller state diagram in which the high-level behavior is illustrated of the
dual evaporator temperature controller operation. Sub-states are described below with respect to other drawing figures.
[0023] As shown in Fig. 2, there are two main states including a Temperature Controller Enabled and Locked state
100 and a Temperature Controller Disabled state 102. Controller 50 may enter either state as a default state upon
power-up, but will transition between states based upon certain transition criteria. Specifically, controller 50 transitions
from the Temperature Controller Enabled and Locked state 100 to the Temperature Controller Disabled state 102 when
the following criterion of Transition 1 is met:

Transition 1:

[0024] Receive opcode "set Temp Control Enable (TEMP_CONTROL_ENABLE==DISABLED)"
[0025] Controller 50 transitions from the Temperature Controller Disabled state 102 to the Temperature Controller
Enabled and Locked state 100 when the following criterion of Transition 2 is met:

Transition 2:

[0026] Receive opcode "set Temp Control Enable (TEMP_CONTROL_ENABLE==ENABLED)" OR receive opcode
"set Temp Control Enable (TEMP_CONTROL_ENABLE==LOCKED)"
[0027] When in the Temperature Controller Disabled state 102, controller 50 performs the functions described below
and shown in Fig. 15 and then sits idle until such time that the criterion of Transition 2 is met. When in the Temperature
Controller Enabled and Locked state 100, controller 50 enters one of the three sub-states: No Error sub-state 200;
Sensor Error sub-state 300; or Defrost Preparation sub-state 400, and moves between these sub-states based upon
the criteria of Transitions 3-8 as described further below and shown in Fig. 3. For example, controller 50 moves from
the No Error sub-state 200 to the Sensor Error sub-state 300 if an error is found to exist in either refrigerator compartment
temperature sensor 22 or freezer compartment temperature sensor 32. More specifically, as set forth in Transition 3
below, if the variable THERM_ERROR is found to be equal to C1_SENSOR_ERROR, which represents an error in the
output from freezer compartment temperature sensor 32, or to be equal to C2_SENSOR_ERROR, which represents an
error in the output from refrigerator compartment temperature sensor 22, controller 50 transitions to the Sensor Error
sub-state 300. If the variable THERM_ERROR is later found to be equal to NO_ERROR, controller 50 transitions back
to the No Error sub-state 200 per Transition 4 below.

Transition 3:

[0028] THERM_ERROR == C1_SENSOR_ERROR OR THERM_ERROR == C2_SENSOR_ERROR

Transition 4:

[0029] THERM_ERROR ==NO_ERROR
[0030] It should be noted that for purposes of this example, any reference to "C1" refers to variables or constants
associated with freezer compartment 30 and any reference to "C2" refers to variables or constants associated with
refrigerator compartment 20. It will be appreciated however that "C1" and "C2" may instead refer to any two compartments
of a refrigerator. The references to the freezer and refrigerator compartments are made to assist in the understanding
of this example relative to the most common commercial units that include a refrigerator compartment and a freezer
compartment. Further, this example may be implemented in side-by-side, top mount, and bottom mount refrigerators.
[0031] Controller 50 transitions from the No Error sub-state 200 to the Defrost Preparation sub-state 400 when the
criterion of the following Transition 5 is met:
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Transition 5:

[0032] DEFROST_STATE == READY TO DEFROST
[0033] Controller 50 transitions from the Defrost Preparation sub-state 400 to the No Error sub-state 200 when the
criteria of the following Transition 6 are met:

Transition 6:

[0034] (DEFROST_STATE == MONITOR AND THERM_ERROR == NO_ERROR AND
[0035] DEFROST_DELAY_TIMER timeout)
[0036] Controller 50 transitions from the Sensor Error sub-state 300 to the Defrost Preparation sub-state 400 when
the criterion of the following Transition 7 is met:

Transition 7:

[0037] DEFROST_STATE == READY TO DEFROST
[0038] Controller 50 transitions from the Defrost Preparation sub-state 400 to the Sensor Error sub-state 300 when
the criteria of the following Transition 6 are met:

Transition 8:

[0039] (DEFROST_STATE == MONITOR AND THERM_ERROR == C1_ERROR AND DEFROST_DELAY_TIMER
timeout) OR (DEFROST_STATE == MONITOR AND
[0040] THERM_ERROR == C2_ERROR AND DEFROST_DELAY_TIMER timeout)
[0041] As described further below, while in the No Error sub-state 200, controller 50 determines a current refrigerator
mode in Figs. 4 and 5 and performs the functions of Figs. 6-10 depending on the current refrigerator mode. While in the
Sensor Error sub-state 300, controller 50 performs the functions of Figs. 11-13. While in the Defrost Preparation sub-
state 400, controller 50 performs the functions of Fig. 14.
[0042] When in the No Error sub-state 200, controller 50 determines which cooling priority to assign to the C1 com-
partment (e.g., freezer compartment 30) and the C2 compartment (e.g., refrigerator compartment 20) based on actual
compartment temperatures (as sensed by sensors 22 and 32, set points, hysteresis and temperature constants asso-
ciated with each compartment and determines a current refrigerator mode so as to decide which compartment(s) will
be cooled and in what order. The priority calculus is executed every 1 minute and uses as reference the difference (Delta
Temperature) between the actual temperature of the compartment (C#_ACTUAL-TEMP) and the control point (C#_
TEMP) associated with the compartment (C#). Note that the designation C# refers to a generic compartment that may
be either of the C1 or C2 compartments.
[0043] Based on Delta Temperature, hysteresis (C#_HYSTERESIS) and the priority calculation parameters
(C#_TEMP_HIGH_PRIORITY_CONSTANT and
[0044] C#_TEMP_MEDIUM_PRIORITY_CONSTANT), controller 50 assigns a priority for each compartment (C#) as
set forth in Table 1 below.

[0045] The refrigerator compartment cooling priority (C2_PRIORITY) is thus be determined to be in a satisfied priority
level (C2_PRIORITY=0) when the actual refrigerator compartment temperature (C2_ACTUAL_TEMP) minus the desired
refrigerator compartment temperature (C2_TEMP) is less than or equal to the refrigerator hysteresis (C2_HYSTERESIS).

TABLE 1

Compartment Priority Calculus Compartment Priority Priority Level

Delta Temperature > C# _TEMP_ HIGH_PRIORITY_CONSTANT+C#_
HYSTERESIS

3 High

C#_TEMP_MEDIUM_PRIORITY_CONSTANT + C#_HYSTERESIS < 
Delta Temperature <= C#_TEMP_HIGH_PRIORITY_CONSTANT+C#_
HYSTERESIS

2 Medium

C#_ HYSTERESIS < Delta Temperature <= C#_TEMP_MEDIUM 
PRIORITY_CONSTANT + C#_HYSTERESIS

1 Low

Delta Temperature <= C#_HYSTERESIS 0 Satisfied
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The freezer compartment cooling priority (C1_PRIORITY) is determined to be in a satisfied priority level
(C1_PRIORITY=0) when the actual freezer compartment temperature (C1_ACTUAL_TEMP) minus the desired freezer
compartment temperature (C1_TEMP) is less than or equal to the freezer hysteresis (C1_HYSTERESIS).
[0046] The freezer hysteresis, refrigerator hysteresis, the freezer and refrigerator compartment high priority constant
and medium priority constant are selected based on the market preference, freezer and refrigerator storage volume and
product heat gain volume for the best performance and energy consumption. These parameters may all be stored in
memory of the user interface so as to be introduced to the refrigerator as a parameter set suitable for the refrigerator
characteristics and the particular market and to which the particular model is to be shipped. Such markets may vary
considerably, particularly depending upon the country in which the model will be sold.
[0047] Controller 50 determines that the refrigerator compartment cooling priority is in a high priority level
(C2_PRIORITY=3) when the actual refrigerator compartment temperature (C2_ACTUAL_TEMP) minus the desired
refrigerator compartment temperature (C2_TEMP) is greater than or equal to a sum of a refrigerator compartment high
priority constant (C2_TEMP_HIGH_PRIORITY_CONSTANT) and the refrigerator hysteresis (C2_HYSTERESIS).
[0048] The freezer compartment cooling priority is determined to be in a high priority level (C1_PRIORITY=3) when
the actual freezer compartment temperature (C1_ACTUAL_TEMP) minus the desired freezer refrigerator compartment
temperature (C1_TEMP) is greater than or equal to a sum of a freezer compartment high priority constant (C1_TEMP_
HIGH_PRIORITY_CONSTANT) and the freezer hysteresis (C1_HYSTERESIS).
[0049] Controller 50 determines that the refrigerator compartment cooling priority is in a medium priority level
(C2_PRIORITY=2) when the actual refrigerator compartment temperature (C2_ACTUAL_TEMP) minus the desired
refrigerator compartment temperature (C2_TEMP) is: (1) greater than a sum of the refrigerator compartment medium
priority constant (C2_TEMP_MEDIUM_PRIORITY_CONSTANT) and the refrigerator hysteresis (C2_HYSTERESIS),
and (2) less than or equal to a sum of the refrigerator compartment high priority constant (C2_TEMP_HIGH_PRIORITY_
CONSTANT) and the refrigerator hysteresis (C2_HYSTERESIS).
[0050] The freezer compartment cooling priority is determined to be in a medium priority level (C1_PRIORITY=2)
when the actual freezer compartment temperature (C1_ACTUAL_TEMP) minus the desired freezer refrigerator com-
partment temperature (C1_TEMP) is: (1) greater than a sum of a freezer compartment medium priority constant
(C1TEMP_MEDIUM_PRIORITY_CONSTANT) and the freezer hysteresis (C1_HYSTERESIS), and (2) less than or
equal to a sum of a freezer compartment high priority constant (C1_TEMP_HIGH_PRIORITY_CONSTANT) and the
freezer hysteresis (C1_HYSTERESIS). The freezer and refrigerator compartment medium priority constants can be
different or the same.
[0051] The refrigerator compartment cooling priority is determined to be in a low priority level (C2_PRIORITY=1) when
the actual refrigerator compartment temperature (C2_ACTUAL_TEMP) minus the desired refrigerator compartment
temperature (C2_TEMP) is: (1) greater than the refrigerator hysteresis (C2_HYSTERESIS), and (2) less than or equal
to a sum of a refrigerator compartment medium priority constant (C2_TEMP_MEDIUM_PRIORITY_CONSTANT) and
the refrigerator hysteresis (C2_HYSTERESIS).
[0052] The freezer compartment cooling priority is determined to be in a low priority level (C1_PRIORITY=1) when
the actual freezer compartment temperature (C1_ACTUAL_TEMP) minus the desired freezer refrigerator compartment
temperature (C1_TEMP) is: (1) greater than the freezer hysteresis (C1_HYSTERESIS), and (2) less than or equal to a
sum of a freezer compartment medium priority constant (C1_TEMP_MEDIUM_PRIORITY_CONSTANT) and the freezer
hysteresis (C1_HYSTERESIS).
[0053] Using the default values in Table 3 for the parameters used to calculate the compartment priorities, namely:

C1_TEMP = -18°C,
C1_HYSTERESIS = 2°C,
C1_TEMP_MEDIUM_PRIORITY_CONSTANT = 4°C,
C1_TEMP_HIGH_PRIORITY_CONSTANT = 5°C,
C2_TEMP = 3°C,
C2_HYSTERESIS = 1 °C,
C2_TEMP_MEDIUM_PRIORITY_CONSTANT = 1°C, and
C2_TEMP_HIGH_PRIORITY_CONSTANT = 2°C,

the following priorities in Table 2 would be established:

TABLE 2

Delta Temp C1_ACTUAL_TEMP C1_PRIORITY C2_ACTUAL_TEMP C2_PRIORITY

0 -18°C 0 3°C 0
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[0054] Thus, with these exemplary parameter default values, the refrigerator compartment is given a high priority at
a much lower delta temperature than is the freezer compartment, which as explained further below, tends to more often
give cooling priority to the refrigerator compartment over the freezer compartment.
[0055] As described further below and shown in Figs. 4 and 5, the current refrigerator system mode is selected from
at least the following modes: a satisfied mode 204 in which neither refrigerator compartment 20 nor freezer compartment
30 is cooled, a pull-down mode 210 during which both freezer compartment 30 and refrigerator compartment 20 are
alternatingly and periodically cooled, a freezer compartment (C1) cooling mode in which freezer compartment 30 is
cooled, and a refrigerator compartment (C2) cooling mode in which refrigerator compartment 20 is cooled.
[0056] Whenever the refrigerator is plugged in or after a power outage, controller 50 initializes valve 45 (block 202,
Fig. 4) and determines which refrigerator mode to select as the current mode based upon which one of Transitions 9-12
below are true.

Transition 9:

[0057]

(C1_PRIORITY == 3) AND (C2_PRIORITY == 3)

Transition 10:

[0058]

((C1_PRIORITY < 3) OR (C2_PRIORITY < 3)) AND ((C1_PRIORITY >C2_PRIORITY) AND
(C2_ACTUAL_TEMP < C2_TEMP - C2_HYSTERESIS))

Transition 11:

[0059]

((C1_PRIORITY < 3) OR (C2_PRIORITY < 3)) AND ((C1_PRIORITY > 0) OR
(C2_PRIORITY> 0)) AND ((C1_PRIORITY < C2_PRIORITY) OR (C2_ACTUAL_TEMP>= C2_TEMP -
C2_HYSTERESIS))

Transition 12:

[0060]

(C1_PRIORITY == 0) AND (C2_PRIORITY == 0)

(continued)

Delta Temp C1_ACTUAL_TEMP C1_PRIORITY C2_ACTUAL_TEMP C2_PRIORITY

1 -17°C 0 4°C 0

2 -16°C 0 5°C 1

3 -15°C 1 6°C 2

4 -14°C 1 7°C 3

5 -13°C 1 8°C 3

6 -12°C 1 9°C 3

7 -11°C 2 10°C 3

8 -10°C 3 11°C 3

9 -9°C 3 12°C 3

10 -8°C 3 13°C 3
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[0061] Controller 50 initially selects the pull-down mode 210 if Transition 9 is true, the C1 cooling mode 230 if Transition
10 is true, the C2 cooling mode 230 if Transition 11 is true, and the satisfied mode if Transition 12 is true. Only one of
Transitions 9-12 may be true.
[0062] After selecting an initial mode per Fig. 4, controller 50 may change the modes from one to another based upon
various criteria set forth in Transitions 13-25 as shown in Fig. 5.

Transition 13:

[0063]

(C1_PRIORITY == 0) AND
(C2_PRIORITY == 0)

Transition 14:

[0064] Expired (SATISFIED_TIME) AND

(C1_PRIORITY == 3) AND
(C2_PRIORITY == 3)

Transition 15:

[0065]

((C1_PRIORITY < 3) OR (C2_PRIORITY < 3)) AND
((C1_PRIORITY > 0) OR (C2_PRIORITY > 0)) AND
(C1_PRIORITY >= C2_PRIORITY)

Transition 16:

[0066]

(C1_VALVE_OPEN_TIMER >= C1_ON_COOLING_TIMER) AND
(C1_PRIORITY == 3) AND
(C2_PRIORITY == 3)

Transition 17:

[0067]

((C1_PRIORITY < 3) OR (C2_PRIORITY < 3)) AND
((C1_PRIORITY > 0) OR (C2 PRIORITY> 0)) AND
(C2_PRIORITY > C1_PRIORITY)

Transition 18:

[0068]

(C2_VALVE_OPEN_TIMER >= C2_ON_COOLING_TIMER) AND
(C1_PRIORITY == 3) AND
(C2_PRIORITY == 3)

Transition 19:

[0069] Expired (SATISFIED_TIME) AND

[((C1_PRIORITY < 3) OR (C2_PRIORITY < 3)) AND
((C1_PRIORITY > 0) OR (C2_PRIORITY > 0)) AND
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(C1_PRIORITY >= C2_PRIORITY) AND
(C2_ACTUAL_TEMP < C2_TEMP - C2_HYSTERESIS)]

Transition 20:

[0070]

(C1_ACTUAL_TEMP <= C1_TEMP - C1_HYSTERESIS) AND
(C2_PRIORITY == 0)

Transition 21:

[0071] Expired (SATISFIED_TIME) AND

((C1_PRIORITY < 3) OR (C2_PRIORITY < 3)) AND
((C1_PRIORITY > 0) OR (C2_PRIORITY > 0)) AND
((C1_PRIORITY < C2_PRIORITY) OR (C2_ACTUAL_TEMP >= C2_TEMP-C2_HYSTERESIS))

Transition 22:

[0072]

(C2_ACTUAL_TEMP <= C2_TEMP - C2_HYSTERESIS) AND
(C1_ACTUAL_TEMP < C1_TEMP + C1_HYSTERESIS/2)

[0073] Transition 23:

(C1_VALVE_OPEN_TIMER > C1_ON_COOLING_TIMER) AND
(C2_PRIORITY> C1_PRIORITY)

Transition 24:

[0074]

(C2_VALVE_OPEN_TIMER> C2_ON_COOLING_TIMER) AND
[(C1_PRIORITY == 3) OR {((C1_PRIORITY > C2_PRIORITY) OR (C1_ACTUAL_TEMP >= C1_TEMP +
C1_HYSTERESIS/2)) AND (C2_ACTUAL_TEMP < C2_TEMP-C2_HYSTERESIS)}]

Transition 25:

[0075] Expired (SATISFIED_TIME) AND

(C1_PRIORITY == 0) AND
(C2_PRIORITY == 0)

[0076] From the above and Fig. 5, it will be apparent that controller 50 will generally select the satisfied mode 204
when the cooling priorities for both compartments are satisfied from the initial state 202 or if previously in the pull-down
mode 210. Once in the satisfied mode 204, controller 50 will stay in the satisfied mode for at least a set time period
corresponding to the parameter (SATISFIED_TIME). If at the end of this time period, the cooling priorities remain in the
satisfied priority level, controller remains in the satisfied mode 204 until such time that one of the cooling priorities changes.
[0077] From the above, it will also be apparent that controller 50 will generally select the pull-down mode 210 whenever
the cooling priorities for both compartments are high and will remain in the pull-down mode until one or both of the cooling
priorities is no longer high. In this event, controller 50 will transition from the pull-down mode 210 to C1 cooling mode
230 if the cooling priority of the freezer (C1_PRIORITY) is equal to or greater than that of the refrigerator (C2_PRIORITY),
otherwise it will transition from the pull-down mode 210 to C2 cooling mode 270 if the cooling priority of the freezer
(C1_PRIORITY) is less than that of the refrigerator (C2_PRIORITY). The other transitions between states are apparent
from Fig. 5 and Transitions 13-25 that govern such transitions.
[0078] Having described how controller 50 determines the cooling priorities of the refrigerator and freezer compartments
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20 and 30, and how controller determines a current refrigerator mode from the satisfied mode 204, the pull-down mode
210, the freezer (C1) cooling mode 230, and the refrigerator (C2) cooling mode 270, the controller functions performed
in each of these modes is now described with reference to Figs. 6-10.
[0079] Fig. 6 shows the functions 205 of controller 50 during the satisfied mode 204 in which cooling is no longer
required. As illustrated, controller 50 turns of compressor 40, controls valve 45 to be closed to freezer evaporator 34
and open to refrigerator evaporator 24, expires the extended refrigerator fan 26 run time to turn that fan off, restarts a
timer for which valve 45 is open to refrigerator evaporator 24, and sets the pump out flag to ON.
[0080] Fig. 7 shows the functions 212-226 that controller 50 may perform during the pull-down mode 210 in which
pull-down cooling is required (both compartments warm). As illustrated, controller 50 executes some or all of the functions
212-226 in a particular sequence depending upon which of the following Conditions 1-8 are true:

Condition 1:

[0081] PUMP_OUT_FLAG==ON

Condition 2:

[0082] PUMP_OUT_FLAG==OFF

Condition 3:

[0083] PROTECTION_OFF_TIME timeout

Condition 4:

[0084] C2_PUMP_OUT_TIME > PULL_DOWN_REFRNT_RTRN

Condition 5:

[0085] (C1_PRIORITY < 3) OR (C2_PRIORITY < 3)

Condition 6:

[0086] (C1_PRIORITY == 3) AND (C2_PRIORITY == 3) AND PULL_DOWN_COMP_TIME is expired

Condition 7:

[0087] (C1_PRIORITY < 3) OR (C2_PRIORITY < 3)

Condition 8:

[0088] (C1_PRIORITY == 3) AND (C2_PRIORITY == 3) AND PULL_DOWN_COMP_TIME is expired
[0089] Pull Down Pump Out function 212 is executed if PUMP_OUT_FLAG==ON. If executed, controller 50 controls
valve 45 by closing it to both compartments and turns on compressor 40 in order to allow refrigerant gas return to the
evaporators.
[0090] Pre-C2 Pull Down function 214 is executed if PUMP_OUT_FLAG==OFF. If executed, controller 50 turns on
compressor 40, controls valve 45 by opening it to the refrigerator (C2) compartment, and after a specified delay period,
turns refrigerator fan 26 on at a 100% duty cycle in order to prepare the loads to cool the refrigerator (C2) compartment.
Provided C2_PUMP_OUT_TIME> PULL_DOWN_REFRNT_RTRN, Pre-C2 Pull Down function 214 is also executed
following Pull Down Pump Out function 212 and function 216 in which the C2_PUMP_OUT_TIME timer is restarted
following a PROTECTION_OFF_TIME timeout after function 212 is executed.
[0091] C2 Pull Down function 218 is the actual cooling of the refrigerator (C2) compartment. After PULL_DOWN_
COMP_TIME it will wait for a refrigerator fan extend period before turning off refrigerator fan 26, if the product needs to
switch to cool the freezer compartment or go to the satisfied mode, depending on the priorities for each compartment.
More specifically, if either compartment priority is no longer at the high priority level, function 220 is performed whereby
the PUMP_OUT_FLAG is set to OFF before moving to a different mode and its associated functions. If the priorities of
both compartments are still high (Condition 6), controller 50 executes the Pre-C1 Pull Down function 222 whereby the
loads are prepared to cool the freezer (C1) compartment.
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[0092] When executing the Pre-C1 Pull Down function 222, controller 50 turns on freezer fan 36, closes valve 45 to
the refrigerator compartment and opens it to the freezer compartment while keeping compressor 40 on. Thereafter,
controller 50 executes the C1 Pull Down function 224 which is the actual cooling of the freezer (C1) compartment. After
PULL_DOWN_COMP_TIME it will switch to another state, depending on the priorities for each compartment. More
specifically, if either compartment priority is no longer at the high priority level, function 226 is performed whereby the
PUMP_OUT_FLAG is set to ON before moving to a different mode and its associated functions. If the priorities of both
compartments are still high (Condition 8), controller 50 returns to the Pull Down Pump Out function 212. The functions
of Fig. 7 are repeatedly executed such that the refrigerator compartment is cooled for a specified time period (PULL_
DOWN_COMP_TIME) and then the freezer compartment is cooled for a specified time period (PULL_DOWN_COMP_
TIME) over and over until such time that the actual temperature of one of the compartments falls to a level that results
in a change of cooling priorities of one of the compartments to be less than a high priority level.
[0093] If controller 50 required to leave Pull Down Mode 210 for another mode, freezer fan 36 (C1_Fan) or refrigerator
fan 26 (C2_Fan) will remain on until PULL_DOWN_C1_FAN_EXTENDED or PULL_DOWN_C2_FAN_EXTENDED is
expired, respectively.
[0094] Figs. 8 and 9 show the functions 232-258 performed by controller 50 during the C1 cooling mode 230 in which
freezer compartment 30 is cooled continuously until such time as one of Transitions 16, 20, or 23 (see Fig. 5) causes
controller 50 to go to another refrigerator mode (i.e., 204, 210, or 270). As shown in Fig. 8, cooling of freezer compartment
30 includes three main functions including C1 Pre-Cooling function 232 in which loads are prepared to cool the freezer
(C1) compartment, a C1Cooling function 256 that follows C1 Pre-Cooling function 232, and a C1 Extra Cooling function
258 that may be executed after C1Cooling function 256.
[0095] Fig. 9 shows the various sub-functions 234-254 performed in Pre-Cooling function 232. As shown, controller
50 first decides in block 234 whether compressor 40 is ON or OFF. Note that compressor 40 may be ON or OFF
depending upon which refrigerator mode the controller was in, prior to entering the C1 Cooling mode 204. If compressor
40 is OFF, controller 50 executes sub-function 236. Otherwise, controller 50 executes function 238 in which it decides
whether valve 45 is open or closed to refrigerator evaporator 24. If it is closed to refrigerator evaporator 24, controller
50 opens valve 45 to freezer evaporator 34 in block 240 and then executes sub-function block 242 in which a timer is
restarted to monitor the time valve 45 is open in this manner. Also in block 242, controller 50 sets another timer (C1_ON_
COOLING_TIMER) to be equal to C1_COOLING_TIME. If controller 50 determines in block 238 that valve 45 is open
to refrigerator evaporator 24, controller 50 executes block 246 whereby valve 45 is opened to freezer evaporator 34 and
then after a delay, valve 45 is closed to refrigerator evaporator 24 while remaining open to freezer evaporator 34. Then,
after a short delay, freezer fan 36 is turned on in block 248 before proceeding to the aforementioned block 242.
[0096] If in block 234, controller 50 determines that compressor 40 is OFF, it determines in block 236 whether valve
45 is open to both evaporators 24 and 34 or only one of the evaporators. If valve 45 is open to both evaporators, controller
50 executes block 250 whereby valve 45 is closed to refrigerator evaporator 24 and compressor 40 is turned on. Then,
after a longer delay, freezer fan 36 is turned on in block 252 before proceeding to the aforementioned block 242. If valve
45 is open to only one of the evaporators, controller 50 executes block 254 whereby valve 45 is closed to refrigerator
evaporator 24 and opened to freezer evaporator 34 and compressor 40 is turned on. Then, controller 50 executes the
aforementioned blocks 248 and 242.
[0097] Referring back to Fig. 8, after the above described C1 Pre-Cooling function 232, controller 50 executes the C1
Cooling function 256 in which the freezer (C1) compartment continues to get colder until one of Transitions 16, 20, or
23 force controller 50 to leave the C1 cooling mode 230 based on the priority of the compartments. If none of Transitions
16, 20, or 23 has forced controller 50 to leave the C1 cooling mode 230, the C1 Extra Cooling function 258 adds an
extra cooling time to the C1_ON_COOLING_TIMER to allow the temperature in the freezer (C1) compartment to continue
to decrease.
[0098] If one of Transitions 16, 20, or 23 force controller 50 to leave the C1 cooling mode 230, controller first closes
valve 45 to freezer evaporator 34, waits for a fan delay period and turns off freezer fan 36 (C1_FAN), and then sets
PUMP_OUT_FLAG to ON in block 256.
[0099] When controller 50 goes from C1 cooling mode 230 to another mode the freezer (C1) fan 36 will remain ON
until C1_COOLING_C1_FAN_EXTEND is expired. In order to avoid the system to switch to another cooling mode at
beginning of C1 cooling mode 230, controller 50 shall stay in C1 cooling Mode for a minimum amount of time (C1_ON_
COOLING TIME), even if the C2_PRIORITY is higher than C1_PRIORITY.
[0100] Fig. 10 shows the functions 272-280 executed by controller 50 when in the C2 cooling mode 270 in which the
refrigerator (C2) compartment 20 is cooled continuously until such time as one of Transitions 18, 22, or 24 (see Fig. 5)
causes controller 50 to go to another refrigerator mode (i.e., 204, 210, or 230). In order to avoid the system to switch to
another cooling mode at beginning of C2 cooling mode 270, the system shall stay in C2 Cooling Mode for a minimum
amount of time (C2_ON_COOLING TIME), even iftransitioning conditions are met.
[0101] As shown, the process begins with a determination as to whether the PUMP_OUT_FLAG is ON or OFF. If it
is ON, controller 50 proceeds to the C2 Pump Out function 272, and if it is OFF, controller 50 proceeds to the C2
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Pre-Cooling function 274.
[0102] In the C2 Pump Out function 272, controller 50 closes valve 45 to both evaporators and turns on compressor
40 to allow refrigerant gas return to the condenser. When the compressor is prevented from being turned on by the
compressor protection time, controller 50 will wait for the compressor protection time out before it restarts
C2_PUMP_OUT_TIME in block 276 and proceeds to C2 Pre-Cooling function 274 when C2_PUMP_OUT_TIME is
greater than C2_REFRIGERANT_RETURN_TIME.
[0103] In the C2 Pre-Cooling function 274, the loads are prepared to cool the refrigerator (C2) compartment. Specifically,
the compressor is turned on, valve 45 is opened to refrigerator evaporator 34, turns refrigerator fan 26 on at 100% duty
cycle after a delay, and sets C2_ON_COOLING_TIMER to C2_COOLING_TIME.
[0104] C2 Cooling function 278 is executed after C2 Pre-Cooling function 274. During C2 Cooling function 278, the
temperature in refrigerator compartment 20 gets colder until one of Transitions 18, 22, or 24 force controller 50 to leave
the C2 cooling mode 270 based on the priority status of both compartments. If transitioning conditions are not met,
controller 50 will add an extra cooling time to C2_ON_COOLING_TIMER to allow the temperature in refrigerator com-
partment 20 to continue to drop in the C2 Extra Cooling function 280.
[0105] When the system goes from C2 cooling mode 270 to another mode, refrigerator fan 26 (C2 fan) will remain on
until C2_COOLING_C2_FAN_EXTEND is expired or C2_ACTUAL_TEMP - C2 EVAP ACTUAL TEMP < C2_FAN_OFF_
DELTA_T as shown in block 278.
[0106] Figs. 11-13 show state diagrams for when the refrigerator is in the Sensor Error sub-state 300, which is active
while a sensor error is detected on the sensor associated with one or both compartments (per Fig. 3). Sub-states are
described below. When the system comes out of error it shall calculate the priorities and based on this go to the appropriate
cooling mode. In the Sensor Error sub-state 300, controller 50 determines whether the sensor error is in the FC (C1)
temperature sensor 32, the RC (C2) temperature sensor 22, or both, and operates in the sub-states shown in Fig. 11
when the sensor error is in the FC (C1) temperature sensor 32, in the sub-states shown in Fig. 12 when the sensor error
is in the RC (C2) temperature sensor 22, and in the sub-states shown in Fig. 13 when the sensor error is in the both the
FC (C1) temperature sensor 32 and the RC (C2) temperature sensor 22.
[0107] As shown in Fig. 11, during a C1 sensor error condition, controller 50 will run C2 Cooling Mode 270 when
necessary and a Timed C1 Cooling Mode 302 right after. C2 Cooling Mode 270 is the same as described above. Timed
C1 Cooling Mode 302 operates the same as C1 Cooling Mode 230 except that, as the C1 sensor cannot be read due
to its error, no logic related to C1_PRIORITY is executed. As a consequence, the product remains in Timed C1 Cooling
Mode 302 for a determined period of time (C1_ERROR_COOLING_TIMEOUT). Thus, the exit condition for Timed C1
Cooling Mode 302 will be only C1_ERROR_COOLING_TIMEOUT expired. Once it comes out of Timed C1 Cooling
Mode 302, controller 50 shall stay in Satisfied Mode 204 until C2_PRIORITY > 0, at which time it will repeat the cycle
shown in Fig. 11 until such time that a sensor error is no longer detected.
[0108] As shown in Fig. 12, during C2 sensor error condition, controller 50 will run Timed C2 Cooling Mode 304 every
time before the C1 compartment asks for cooling and then will go to the C1 Cooling Mode 230. C1 Cooling Mode 230
is the same as described above. Timed C2 Cooling Mode 304 operates the same as C2 Cooling Mode 270 except that,
as the C2 sensor cannot be read due to its error, no logic related to C2_PRIORITY is executed. As a consequence, the
product remains in Timed C2 Cooling Mode 304 for a determined period of time (C2_ERROR_COOLING_TIMEOUT).
Thus, the exit condition for Timed C2 Cooling Mode 304 will be only C2 _ERROR_COOLING_TIMEOUT expired.
C2_ERROR_COOLING_TIMEOUT shall be greater than C2_REFRIGERANT_RETURN_TIME to allow C2 Pump Out
be executed before cooling C2.Once it comes out of C1 Cooling Mode 230, controller 50 shall stay in Satisfied Mode
204 until C1_PRIORITY > 0, at which time it will repeat the cycle shown in Fig. 12 until such time that a sensor error is
no longer detected. As the C2 sensor is in error, controller 50 shall execute C2 fan extension for C2_COOLING_C2_FAN_
EXTEND, after exit Timed C2 Cooling Mode 304.
[0109] As shown in Fig. 13, during C1 and C2 error condition, controller 50 will run Timed C2 Cooling Mode 304
followed by Timed C1 Cooling Mode 302 and then a Timed Error Off mode 306 for ERROR_OFF_TIMEOUT . In Timed
Error Off mode 306 the refrigerator remains in Satisfied Mode 204 for a determined period of time (ERROR_OFF_
TIMEOUT). As the C2 Sensor is in error, controller 50 shall execute C2 fan extension for C2_COOLING_C2_FAN_
EXTEND, after exit Timed C2 Cooling Mode. As soon as controller 50 enters this routine it shall set PUMP OUT FLAG ON.
[0110] As mentioned above, refrigerator evaporator temperature sensor 28 (C2 Evap Sensor) is used to control re-
frigerator fan 26 (C2 Evap fan) extension. If refrigerator evaporator temperature sensor 28 (C2 Evap Sensor) is in error,
control refrigerator fan 26 (C2 Evap fan) extension will be executed until C2_COOLING_C2_FAN_EXTEND is elapsed.
[0111] Fig. 14 shows the details of the Defrost Preparation sub-state 400 (Fig. 3). During the Defrost Preparation
sub-state 400, if the refrigerator (C2) compartment temperature (C2_ACTUAL_TEMP) is above C2_TEMP -
C2_HYSTERESIS, controller 50 will execute C2 Cooling Mode 270 until the refrigerator C2 compartment temperature
is satisfied or until C2_VALVE_OPEN_TIMER is greater than C2_ON_COOLING_TIMER. For the freezer (C1) com-
partment there is no temperature restriction to execute a defrost. It can occur at any time. No Extra Cooling Time is
allowed on C2 Cooling during defrost preparation. In case of a C2 sensor error it shall execute C2 cooling for C2_ERROR_
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COOLING_TIMEOUT. When the system enters in the defrost mode, valve 45 shall be initialized.
[0112] In the OK to Defrost sub-state 402, which is used to determine when the refrigerator is ready to defrost, controller
50 opens valve 45 to freezer evaporator 34, turns freezer fan 36 off, opens valve 45 to refrigerator evaporator 24, turns
refrigerator fan 26 off, and turns compressor 40 off.
[0113] Fig. 15 shows Temperature Controller Disabled State 102, which describes the operation of both compartments
of the refrigerator while temperature control is disabled. In this state, controller 50 performs an idle function 103 in which
it turns off compressor 40, closes valve 45 to freezer evaporator 34, turns freezer fan 36 off, closes valve 45 to refrigerator
evaporator 24, and turns refrigerator fan 26 off.
[0114] Fig. 16 is a chart showing the power consumption (in wattage) of the refrigerator over time along with the
respective average temperatures of the freezer and refrigerator compartments. As apparent from this chart, power
consumption is initially very high which is when the temperatures of the refrigerator and freezer compartments would
be high. After a defrost cycle. The product could be set to pull down mode, freezer cooling mode or refrigerator cooling
mode, depending on the freezer and refrigerator cooling priorities. In Fig. 16, controller 50 set the refrigerator to the
refrigerator cooling mode for a short time, then switched to freezer cooling mode when the freezer cooling priority changed
into the high level and the refrigerator cooling priority was not at the high level. After the freezer temperature was reduced
enough to lower the freezer cooling priority, controller 50 switched the refrigerator to the refrigerator cooling mode
followed by another freezer cooling cycle before the refrigerator entered into the satisfied mode. Subsequently, the power
consumption is more cyclical and tends to spike when the compressor is first turned on but then tapers off as the
refrigerator compartment (C2) cooling mode begins. The compressor remains on while the system transitions to the
freezer compartment (C1) cooling mode and then turns off until the next refrigerator compartment (C2) cooling mode is
to begin. Compared to prior sequential dual evaporator refrigerators, the compressor is not turned on and off as frequently,
instead it is turned on longer during each on/off cycle and is off longer during each cycle. By turning the compressor on
and off less frequently, there are far fewer of the power consumption spikes over time and therefore lower overall power
consumption.
[0115] As mentioned above, Tables 3 and 4 below are provided to give some exemplary values of the various param-
eters and variables used in the above example. These parameters and variables are not limited to the values provided
and may be varied to achieve optimal performance, and more specifically to minimize power consumption.

Table 3

Parameters Name Default 
Value 

(in 
units)

Range 
(in 

units)

Resolution 
(1 bit)

Units Comment

C1_TEMP -18 -2048 .. 
2048

1/16 °C Compartment temperature 
control point

C1_HYSTERESIS 2,22 -2048 .. 
2048

1/16 °C Compartment Hysteresis

C1_TEMP_HIGH_PRIORITY_
CONSTANT

5,55 0 .. 16 1/16 °C Temperature constant used 
to calculate C priority

C1_TEMP_MEDIUM_PRIORITY_
CONSTANT

4,44 0 .. 16 1/16 °C Temperature constant used 
to calculate C priority

C2_TEMP 3 -2048 .. 
2048

1/16 °C Compartment2 temperature 
control point

C2_HYSTERESIS 1,11 -2048 .. 
2048

1/16 °C Compartment2 Hysteresis

C2_TEMP_HIGH_PRIORITY_
CONSTANT

2,77 0 .. 16 1/16 °C Temperature constant used 
to calculate C2 priority.

C2_TEMP_MEDIUM_PRIORITY_
CONSTANT

1,66 0 .. 16 1/16 °C Temperature constant used 
to calculate C2 priority
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(continued)

Parameters Name Default 
Value 

(in 
units)

Range 
(in 

units)

Resolution 
(1 bit)

Units Comment

C2_EVAP_FAN_OFF_DELTA_T 0,55 0 .. 16 1/16 °C The temperature difference 
between C2 compartment 
and C2 evaporator that can 
keep C2 fan running before 
C2_COOLING_C2_EVAP_
F AN_EXTEND timer 
expires.

PULL_DOWN_REFRNT_RTRN 1 0 .. 255 1 min Amount of necessary time to 
the refrigerant fluid to return 
to condenser area, during 
Pull Down mode.

PULL_DOWN_C1_FAN_DELAY 15 0 .. 
1275

5 sec Amount of time to keep the 
C1 fan off before start of C1 
cooling during Pull Down 
mode.

PULL_DOWN_C1_FAN_EXTEND 2 0 .. 255 1 min Amount of time to keep the 
C1 fan on after the end of C1 
cooling during Pull Down 
mode.

PULL_DOWN_C2_FAN_DELAY 0 0 .. 255 1 min Amount of time to keep the 
C2 fan off before start of C2 
cooling during Pull Down 
mode.

PULL_DOWN_C2_FAN_EXTEND 20 0 .. 255 1 min Amount of time to keep the 
C2 fan on after the end of C2 
cooling during Pull Down 
mode.

PULL_DOWN_C2_VALVE_
CLOSE_DELAY

60 0 .. 
1275

5 sec Amount of time to keep C2 
valve open before starting 
C1 cooling during Pull Down 
mode.

PULL_DOWN_COMP_TIME 20 0 .. 255 1 min Amount of time that C1 or C2 
valve has to remain opened 
during each cycle of the Pull 
Down Mode.

C1_COOLING_TIME 15 0 .. 255 1 min Minimum time that the 
product must remain in C 
Cooling Mode if C1 
compartment is not satisfied.

C1_COOLING_C1_FAN_EXTEND 2 0 .. 255 1 min Amount of time to keep the 
C1 fan on after the end of C1 
cooling mode.

C1_COOLING_C1_LONG_FAN_
DELAY

5 0 .. 255 1 min Amount of maximum time to 
keep the C fan off after the 
1st C1 cooling cycle after C1 
defrost cycle.
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(continued)

Parameters Name Default 
Value 

(in 
units)

Range 
(in 

units)

Resolution 
(1 bit)

Units Comment

C1_COOLING_C1_SHORT_FAN_
DELAY

20 0 .. 
1275

5 sec Amount of maximum time to 
keep the C fan off after the 
start of C1 cooling mode and 
not right after C defrost

C1_COOLING_C2_VALVE_
EXTEND

0 0..255 1 min Amount of time to keep the 
C2 valve opened before 
being closed when product 
switches from C2 cooling to 
C1 cooling directly.

C1_ERROR_COOLING_TIMEOUT 40 0..255 1 min Amount of time to stay in C1 
cooling mode during C 
sensor error.

C2_COOLING_TIME 15 0..255 1 min Minimum time that the 
product must remain in C2 
Cooling Mode if C2 sensor is 
not satisfied.

C2_COOLING_C2_FAN_EXTEND 20 0..255 1 min Maximum amount of time to 
keep the C2 fan on after the 
end of C2 cooling mode.

C2_COOLING_C2_FAN_DELAY 0 0..255 1 min Amount of time to keep the 
C2 fan off before start of C2 
cooling during C2 Cooling 
Mode.

C2_REFRIGERANT_RETURN_
TIME

1 0..255 1 min Amount of necessary time to 
the refrigerant fluid to return 
to condenser area.

C2_ERROR_COOLING_TIMEOUT 8 0..255 1 min Amount of time to stay in C2 
cooling mode during C2 
sensor error.

SATISFIED_TIME 7 0..255 1 min Amount of time that the 
product must remain in 
Satisfied Mode before leave 
such state.

EXTRA_COOLING_TIME 5 0..255 1 min Extra amount of time to stay 
in C1 or C2 Cooling mode.

DEFROST_DELAY_TIME 3 0..255 1 min This timer is used to count 
the time a Temperature 
Control instance will not be 
active after a Defrost.

ERROR_OFF_TIMEOUT 20 0..255 1 min Amount of time to stay in 
satisfied mode during C1 
and C2 sensor error.
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Table 4

Variable Name Default 
Value

Range Resolution Units Comment

C1_ACTUAL_TEMP -2048 .. 2048 1/16 °C The 
compartment 
1 sensor actual 
temperature 
reading.

C2_ACTUAL_TEMP -2048 .. 2048 1/16 °C The 
compartment2 
sensor actual 
temperature 
reading.

C2_EVAP_ACTUAL_TEMP -2048 .. 2048 1/16 °C The 
compartment2 
Evap sensor 
actual 
temperature 
reading.

C1_VALVE_OPEN_TIMER 0 0..2048 1 min Defines time 
that C1 valve is 
open.

C1_VALVE_CLOSE_TIMER 0 0..2048 1 min Defines time 
that C valve is 
close.

C1_ON_COOLING_TIMER 0 0..2048 1 min Defines the 
time since the 
products start 
C1 cooling.

C2_VALVE_OPEN_TIMER 0 0..2048 1 min Defines time 
that C2 valve is 
open.

C2_VALVE_ CLOSE_TIMER 0 0..2048 1 min Defines time 
that C2 valve is 
close.

C2_ON_COOLING_TIMER 0 0..2048 1 min Defines the 
time since the 
products start 
C2cooling.

C2_PUMP_OUT_TIME 0 0..2048 1 Min Defines the 
time since C1 
and C2 valves 
are closed and 
compressor is 
ON.

TEMP_CONTROL_ENABLE DISABLED ENABLED N/A N/A Defines if the 
temperature 
controller is 
enabled, 
disabled or 
locked.

DISABLED

LOCKED
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[0116] The above description is considered that of the preferred embodiments only. Modifications of the invention will
occur to those skilled in the art and to those who make or use the invention. Therefore, it is understood that the embod-
iments shown in the drawings and described above are merely for illustrative purposes and not intended to limit the
scope of the invention, which is defined by the following claims.

Claims

1. A method for controlling a refrigerator having at least a refrigerator compartment cooled by a refrigerator evaporator,
a freezer compartment cooled by a freezer evaporator, a compressor, and a valve that selectively couples the
compressor to a selected one of the refrigerator evaporator and the freezer evaporator, the method comprising the
steps of:

determining a refrigerator compartment cooling priority as a function of the actual refrigerator compartment

(continued)

Variable Name Default 
Value

Range Resolution Units Comment

THERM_ERROR N/A N/A N/A N/A

DEFROST_STATE N/A N/A N/A N/A

PUMP_OUT_FLAG ON ON N/A min Flag used to 
indicate that 
product is 
coming from 
FC defrost, FC 
cooling, pull 
down-FC or 
power up.

OFF

C1_PRIORITY 0 0..3 1 N/A Defines 
cooling priority 
of C1 
compartment.

C2_PRIORITY 0 0..3 1 N/A Defines 
cooling priority 
of C2 
compartment.

TEMP_CTRL_STATE SATISFIED 
MODE

INITIALIZATION N/A N/A Defines 
Temperature 
Control State 
during no 
sensor error.

SATISFIED MODE
PULL_DOWN_MODE
C1_COOLING_MODE
C2 COOLING MODE

OK TO DEFROST

ERROR_CODE NO ERROR NO_ERROR N/A N/A Defines which 
sensor is in 
error.

C1_SENSOR_ERROR

C2_SENSOR_ERROR
C2_EV_AP_SENSOR 
ERROR
C1_AND_C2_SENSOR 
ERROR
C1_C2_AND_C2_EVAP_
SENSOR
_ERROR
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temperature, a desired refrigerator compartment temperature, and a refrigerator hysteresis, wherein the refrig-
erator compartment cooling priority has one of the following priority levels: high, medium, low, and satisfied;
determining a freezer compartment cooling priority as a function of the actual freezer compartment temperature,
a desired freezer compartment temperature, and a freezer hysteresis, wherein the freezer compartment cooling
priority has one of the following priority levels: high, medium, low, and satisfied;
selecting a current refrigerator system mode in response to a refrigerator compartment cooling priority and a
freezer compartment cooling priority, the current refrigerator system mode is selected from at least the following
modes: a pull down mode during which both the freezer and refrigerator compartments are alternatingly and
periodically cooled, a refrigerator compartment cooling mode in which the refrigerator compartment is cooled,
a freezer compartment cooling mode in which the freezer compartment is cooled, and a satisfied mode in which
neither the refrigerator or freezer compartments are cooled; and
controlling the valve and the compressor to selectively cool one, both or neither of the refrigerator compartment
and the freezer compartment based on the current refrigerator system mode.

2. The method of claim 1, wherein the refrigerator system mode is set to satisfied mode when both the refrigerator
compartment cooling priority and the freezer compartment cooling priority are in the satisfied priority levels.

3. The method of claim 1 or 2, wherein the refrigerator system mode is set to pull down mode when both the refrigerator
compartment cooling priority and the freezer compartment cooling priority are in the high priority levels.

4. The method of claim 1, 2 or 3, wherein the refrigerator system mode is set to refrigerator compartment cooling mode
when the refrigerator compartment cooling priority is greater than the freezer compartment cooling priority, or when
the actual refrigerator compartment temperature is higher than the desired refrigerator compartment temperature
minus the refrigerator hysteresis, and the freezer compartment cooling priority is not at the high priority level.

5. The method of claim 1, 2, 3 or 4, wherein the refrigerator system mode is set to freezer compartment cooling mode
when the freezer compartment cooling priority is at the high priority level and the refrigerator compartment cooling
priority is not at the high priority level, or when the actual refrigerator compartment temperature is lower than the
desired refrigerator compartment temperature minus the refrigerator hysteresis.

6. The method of any one of the preceding claims, wherein:

the refrigerator compartment cooling priority is determined to be in a satisfied priority level when the actual
refrigerator compartment temperature minus the desired refrigerator compartment temperature is less than or
equal to the refrigerator hysteresis; and
the freezer compartment cooling priority is determined to be in a satisfied priority level when the actual freezer
compartment temperature minus the desired freezer compartment temperature is less than or equal to the
freezer hysteresis.

7. The method of any one of the preceding claims, wherein:

the refrigerator compartment cooling priority is determined to be in a high priority level when the actual refrigerator
compartment temperature minus the desired refrigerator compartment temperature is greater than or equal to
a sum of a refrigerator compartment high priority constant and the refrigerator hysteresis; and
the freezer compartment cooling priority is determined to be in a high priority level when the actual freezer
compartment temperature minus the freezer refrigerator compartment temperature is greater than or equal to
a sum of a freezer compartment high priority constant and the freezer hysteresis.

8. The method of any one of the preceding claims, wherein:

the refrigerator compartment cooling priority is determined to be in a medium priority level when the actual
refrigerator compartment temperature minus the desired refrigerator compartment temperature is: (1) greater
than a sum of a refrigerator compartment medium priority constant and the refrigerator hysteresis, and (2) less
than or equal to a sum of a refrigerator compartment high priority constant and the refrigerator hysteresis; and
the freezer compartment cooling priority is determined to be in a medium priority level when the actual freezer
compartment temperature minus the freezer refrigerator compartment temperature is: (1) greater than a sum
of a freezer compartment medium priority constant and the freezer hysteresis, and (2) less than or equal to a
sum of a freezer compartment high priority constant and the freezer hysteresis.
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9. The method of claim 7 or 8, wherein the freezer compartment high priority constant is greater than the refrigerator
compartment high priority constant.

10. The method of any one of the preceding claims, wherein said controller:

the refrigerator compartment cooling priority is determined to be in a low priority level when the actual refrigerator
compartment temperature minus the desired refrigerator compartment temperature is: (1) greater than the
refrigerator hysteresis, and (2) less than or equal to a sum of a refrigerator compartment medium priority constant
and the refrigerator hysteresis; and
the freezer compartment cooling priority is determined to be in a low priority level when the actual freezer
compartment temperature minus the freezer refrigerator compartment temperature is: (1) greater than the freezer
hysteresis, and (2) less than or equal to a sum of a freezer compartment medium priority constant and the
freezer hysteresis.

11. The method of claim 8, 9 or 10, wherein the freezer compartment medium priority constant is greater than the
refrigerator compartment medium priority constant.

12. The method of any one of the preceding claims, wherein the freezer hysteresis is: (a) different from; or (b) greater
than the refrigerator hysteresis.

13. A refrigerator comprising:

a refrigerator compartment;
a freezer compartment;
a refrigerator compartment temperature sensor for sensing an actual refrigerator compartment temperature;
a freezer compartment temperature sensor for sensing an actual freezer compartment temperature;
a refrigerator evaporator associated with said refrigerator compartment;
a freezer evaporator associated with said freezer compartment;
a compressor;
a valve fluidly coupled between said compressor and said refrigerator evaporator and said freezer evaporator,
wherein, in response to a valve control signal, said valve is selectively operative to open or close between said
compressor and said refrigerator evaporator to allow or prevent refrigerant from flowing therebetween and to
open or close between said compressor and said freezer evaporator to allow or prevent refrigerant from flowing
therebetween; and
a controller electrically coupled to said compressor, said valve, said refrigerator compartment temperature
sensor, and said freezer compartment temperature sensor, for turning said compressor on and off, for selecting
operational states of said valve, and for determining a current refrigerator system mode in accordance with the
method of any one of the preceding claims.

14. The refrigerator of claim 13 further comprising a user input interface coupled to said controller for allowing a user
to manually select the desired refrigerator compartment temperature and the desired freezer compartment temper-
ature.

15. The refrigerator of claim 13 or 14, further comprising at least one of: (a) a refrigerator fan coupled to said controller
for moving air past said refrigerator evaporator into said refrigerator compartment, wherein said controller turns said
refrigerator fan on and off; or (b) a freezer fan coupled to said controller for moving air past said freezer evaporator
into said freezer compartment, wherein said controller turns said freezer fan on and off.
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