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(57) ABSTRACT

A method and system for detecting and correcting unintended
reverse or backward operation of an electric motor driven
scroll compressor of a refrigeration system is characterized
by monitoring the pressure at a suction side of the compressor
during operation of the refrigeration and determining whether
the pressure, after a first time interval following startup of the
compressor, exceeds and remains in excess of a predeter-
mined upper pressure limit for at least a second time interval.
If'it does, the compressor is turned off for a third time interval
and is then restarted. The foregoing is repeated and if the
compressor is turned off a selected number of times because
of successive occurrences of high suction side pressures dur-
ing operation of the refrigeration system in a chilling cycle, an
error indication is generated and the refrigeration system is
shut down.

18 Claims, 3 Drawing Sheets
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1
DETECTION AND CORRECTION OF
REVERSE OPERATION OF A COMPRESSOR
IN A REFRIGERATION SYSTEM

This application claims benefit of provisional patent appli-
cation Ser. No. 61/128,796, filed May 23, 2008.

FIELD OF THE INVENTION

The present invention relates to refrigeration systems that
utilize a compressor, and in particular to a control system for
detecting and correcting unintended reverse operation of a
compressor of a refrigeration system.

BACKGROUND OF THE INVENTION

Refrigeration systems having scroll compressors are used
in various applications, for example to provide chilling of
freeze barrels or cylinders in frozen product machines, such
as frozen beverage dispensers. An evaporator of the refrigera-
tion system is heat transfer coupled to a freeze barrel, and the
refrigeration system chills the evaporator during a chilling
cycle of the freeze barrel to chill and freeze product in the
barrel. The refrigeration system is also operable to heat the
evaporator during a defrost cycle of the barrel to warm and
defrost product in the barrel.

During operation of a refrigeration system having an elec-
tric motor driven scroll compressor, for example a refrigera-
tion system used in a frozen product machine, the motor
driven compressor is cycled on and off. Normally, with an
uninterrupted power supply and controlled on/off cycling of
the motor driven compressor, the time between turning the
compressor off and turning it on again is sufficient for refrig-
erant pressures in the system to generally equalize, so that
when the motor is turned on again, it will rotate the compres-
sor in its proper and intended direction of rotation. However,
it can happen that if there is a brief and transient loss of
electric power during a chilling cycle of the refrigeration
system, during which chilling cycle the pressure of refriger-
ant on the high side of the scroll compressor is considerably
greater than the pressure on the low or suction side, in the
short period while electric power is off a flow of refrigerant
from the high to the suction side of the scroll compressor can
rotate the compressor and its drive motor backward. Should
electric power be restored while the drive motor and com-
pressor are rotating backward, the electric motor can be ener-
gized in a reverse direction of rotation, such that it then rotates
the scroll compressor backward in a reverse mode opposite
from its intended and proper direction of rotation. Should
reversal of compressor operation occur, the pressure on its
suction side will begin to rise above a known limit prescribed
for normal operation of the compressor, with an attendant loss
of refrigeration and eventual overheating and unexpected
shutdown of the refrigeration system.

OBIJECT OF THE INVENTION

A primary object of the present invention is to provide a
control system for detecting the occurrence of operation of an
electric motor driven scroll compressor of a refrigeration
system in a reverse mode, and for then operating motor driven
compressor in a manner to return the compressor to its
intended direction of rotation.

SUMMARY OF THE INVENTION

In accordance with the present invention, a controller for a
refrigeration system having an electric motor driven com-
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pressor comprises means for monitoring refrigerant pressure
at a suction side of the compressor; means responsive to
monitored suction pressure being at least equal to a predeter-
mined pressure at selected times after the motor driven com-
pressor is turned on for turning off the motor driven compres-
sor; and means for turning on the motor driven compressor a
predetermined time after the means responsive turns off the
COMpressor.

In a contemplated embodiment of the invention, a control
system for a refrigeration system having an electric motor
driven compressor comprises means for sensing whether the
compressor is on; first means for determining whether com-
pressor suction side pressure is at least equal to a predeter-
mined pressure at the end of a first time interval following
sensing that the compressor is on; second means for deter-
mining whether compressor suction side pressure is at least
equal to the predetermined pressure at the end of a second
time interval following a determination at the end of the first
time interval that compressor suction side pressure is at least
equal to the predetermined pressure; means for turning off the
motor driven compressor for a third time interval in response
to a determination at the end of the second time interval that
compressor suction side pressure is at least equal to the pre-
determined pressure; and means for turning on the motor
driven compressor at the end of the third time interval.

The electric motor driven compressor is a scroll compres-
sor, the refrigeration system is operable in both chilling and
defrost cycles, the sensing means senses whether the com-
pressoris onin a defrost cycle of the refrigeration system, and
the first means for determining is responsive to the sensing
means sensing that the compressor is on, but not in a defrost
cycle of the refrigeration system, to determine whether com-
pressor suction side pressure is at least equal to the predeter-
mined pressure at the end of the first time interval. A counter
means may be provided for storing a count of the number of
successive times that the compressor is turned off by the
means for turning off the compressor, along with means
responsive to the count in the counter means reaching a
selected count to terminate operation of the refrigeration sys-
tem.

In a more specific embodiment of the apparatus of the
invention, a refrigeration system has an electric motor driven
scroll compressor operable in chilling and defrost cycles of
the refrigeration system. In this more specific embodiment,
the refrigeration system comprises means for energizing the
electric motor to turn on the compressor; means for monitor-
ing refrigerant pressure at a suction side of the compressor;
first timer means responsive to the compressor being turned
on in a chilling cycle of the refrigeration system to initiate
timing of a first time interval; and first means for comparing
monitored compressor suction side pressure to a predeter-
mined pressure and for generating a first signal if the moni-
tored pressure is at least equal to the predetermined pressure
at the end of the first time interval. Also included is second
timer means responsive to generation of the first signal to
initiate timing of a second time interval; second means for
comparing monitored compressor suction side pressure to the
predetermined pressure and for generating a second signal if
the monitored pressure is at least equal to the predetermined
pressure at the end of the second time interval; means respon-
sive to generation of the second signal for de-energizing the
electric motor to turn off the compressor; third timer means
responsive to generation of the second signal for initiating
timing of a third time interval; and means for re-energizing
the electric motor at the end of the third time interval to turn
on the compressor in a chilling cycle of the refrigeration
system.
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The invention also contemplates a method of controlling a
refrigeration system having an electric motor driven scroll
compressor, which method comprises the steps of energizing
the electric motor to operate the compressor; monitoring
refrigerant pressure at a suction side of the compressor; deter-
mining whether monitored refrigerant pressure is at least
equal to a predetermined pressure both after expiration of a
first time interval following energization of the motor and
after expiration of a second time interval following expiration
of the first time interval; de-energizing the motor to turn off
the compressor for a third time interval in response to the
determining step determining that monitored compressor
suction side pressure is at least equal to the predetermined
pressure after expiration of each of the first and second time
intervals; and re-energizing the electric motor to operate the
compressor following expiration of the third time interval.

A more specific practice of the method of the invention is
for controlling a refrigeration system having an electric motor
driven scroll compressor operable in chilling and defrost
cycles of the refrigeration system. In this more specific case,
the method comprising the steps of energizing the electric
motor to turn on the compressor; monitoring refrigerant pres-
sure at a suction side of the compressor; sensing whether the
compressor is onin a defrost cycle of the refrigeration system;
initiating timing of a first time interval in response to the
sensing step sensing that the compressor is on and not in a
defrost cycle of the refrigeration system; and determining,
after expiration of the first time interval, whether monitored
pressure at the suction side of the compressor is at least equal
to a predetermined pressure. Also included are the steps of
initiating timing of a second time interval in response to the
determining step determining that monitored compressor
suction side pressure is at least equal to the predetermined
pressure after expiration of the first time interval; ascertain-
ing, after expiration of the second time interval, whether
monitored compressor suction side pressure is at least equal
to the predetermined pressure; turning off the compressor in
response to the ascertaining step ascertaining that monitored
compressor suction side pressure is at least equal to the pre-
determined pressure after expiration of the second time inter-
val; initiating timing of a third time interval in response to
performance of the turning off step; and re-energizing the
electric motor to turn on the compressor in a chilling cycle of
the refrigeration system after expiration of the third time
interval.

Advantageously included are the steps of counting the
number of times of expiration of the third time interval; and
terminating operation of the refrigeration system upon the
counting step reaching a selected count.

The foregoing and other objects advantages and features of
the invention will become apparent upon a consideration of
the following detailed description when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a refrigeration
system of a type that may be used in a frozen product machine
and with which the teachings of the invention may advanta-
geously be employed;

FIG. 2 is a schematic representation of one possible type of
frozen beverage dispensing system having two beverage
product freeze barrels and a pre-chiller that may be chilled by
the refrigeration system of FIG. 1; and

FIG. 3 is aflow chart of an algorithm employed by a control
system in operating the refrigeration system of FIG. 1 in
accordance with the teachings of the present invention, such
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that an unexpected operation in a reverse mode of an electric
motor driven scroll compressor of the refrigeration system is
detected and corrected to restore the refrigeration system to
normal operation.

DETAILED DESCRIPTION

The invention advantageously provides a control system
for automatically restoring proper operation of a refrigeration
system utilizing an electric motor driven scroll compressor,
such for example as a refrigeration system for a frozen prod-
uct machine, following an unintended reversal in the direction
of rotation of the compressor. The control system detects and
resolves an occurrence of a reversal in the intended direction
of operation the scroll compressor, which reversal can occur
as a result of a brief or transient loss of electrical power to the
compressor motor during a refrigeration cycle. Should there
be an intermittent loss of power to the motor and a reversal in
the direction of rotation of the compressor, absent correction
the result will be a loss of refrigeration with eventual over-
heating and unexpected shutdown of the refrigeration system.

A motor driven scroll compressor has a high pressure dis-
charge side and a lower pressure suction side. Should a rever-
sal occur in the direction of operation of the compressor, the
pressure of refrigerant at the suction side will rise above a
known upper limit prescribed for normal operation. The
invention contemplates that the pressure of refrigerant on the
low side of the compressor be monitored and provided to a
central processing system or controller, which uses the sensed
pressure and an algorithm to detect and correct a reversal of
compressor operation. When refrigeration is called for and
the refrigeration system enters a chilling cycle, the compres-
sor is initially started and allowed to run for a first period of
time to allow system pressures to stabilize and achieve their
required and expected values. If after the first period of time
monitored suction side pressure is above a predetermined
limit and remains above the predetermined limit for a second
period of time, the compressor is turned off by the control
system. After the compressor has been off for a third period of
time, it is restarted and the above described sequence of
monitoring suction side pressure is repeated. If after a
selected number of trials of shutting off and turning back on
the compressor, the measured suction side pressure does not
decrease to and remain below its known upper limit, which
means that the compressor is continuing to run in reverse
mode, the compressor is turned off and the stop and restart
process ended, and an error indication is generated. In most
cases, by the time the compressor has been turned off and on
the condition that produced the reversal in the direction of
operation of the scroll compressor will have ceased, so suc-
tion side pressure will decrease to within predetermined nor-
mal limits and normal operation of the refrigeration system
will be restored without loss of service or operation of the
frozen product machine.

Referring to FIG. 1, a refrigeration system as may be used
with a frozen product dispenser is indicated generally at 20.
The refrigeration system may advantageously be of a type
used in practice of a prescriptive refrigerant flow control as
disclosed in co-pending application Ser. No. 11/974,061,
filed Oct. 11, 2007, the teachings of which are incorporated
herein by reference. The refrigeration system includes an
electric motor driven scroll compressor 22, hot refrigerant at
an outlet from which motor/compressor is coupled through a
refrigerant line 24 to an inlet to a condenser 26, through which
air is drawn by a fan 28 to cool the refrigerant. Cooled refrig-
erant at an outlet from the condenser flows through a refrig-
erant line 30 to and through a filter/dryer 32 and a refrigerant
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line 34 to inlets to each of three electronically controlled
expansion valves 36, 38 and 40, which expansion valves may
be of the stepper motor driven or pulse valve modulated type,
such that the valves may be controlled to meter selected
refrigerant flows. Refrigerant exiting an outlet from the
expansion valve 36 is delivered to an inlet to an evaporator
coil 42 heat transfer coupled to a first beverage product freeze
barrel 44 of a frozen product dispenser, which may be a frozen
carbonated beverage (FCB) dispenser, to chill the barrel and
freeze product in the barrel. Refrigerant exiting an outlet from
the expansion valve 38 is delivered to an inlet to an evaporator
coil 46 heat transfer coupled to a second product freeze barrel
48 of the dispenser to chill the barrel and freeze product in the
barrel. Refrigerant exiting an outlet from the expansion valve
40 is delivered to an inlet to an evaporator coil 50 heat transfer
coupled to a pre-chiller 52 of the dispenser to chill the pre-
chiller and, as will be described, to chill product flowed
through the pre-chiller before the product is delivered into the
freeze barrels 44 and 48. After passing through each freeze
barrel evaporator 42 and 46, refrigerant exiting the evapora-
tors flows through a refrigerant line 54, an accumulator 56 and
a suction line 57 to an inlet to the scroll compressor 22. After
passing through the pre-chiller evaporator 50, refrigerant
exiting the evaporator flows through an evaporator pressure
regulating valve 58 and then through the refrigerant line 54,
accumulator 56 and suction line 57 to the inlet to the scroll
compressor. The evaporator pressure regulating valve 58
serves to prevent the pressure of refrigerant in the evaporator
50 from falling below a lower limit, thereby to prevent freez-
ing of product in the pre-chiller 52.

The refrigeration system 20 has two defrost circuits, a first
one of which is for defrosting the freeze barrel 44 and
includes a solenoid operated refrigerant valve 60 having an
inlet coupled directly to hot refrigerant at the outlet from the
electric motor driven scroll compressor 22 through a refrig-
erant line 62 and an outlet coupled to the inlet to the freeze
barrel evaporator 42 through a refrigerant line, 64. A second
defrost circuit is for defrosting the freeze barrel 48 and
includes a solenoid operated refrigerant valve 66 having an
inlet coupled directly to hot refrigerant at the outlet from the
scroll compressor 22 through a refrigerant line 68 and an
outlet coupled to the inlet to the freeze barrel evaporator 46
through a refrigerant line 70. In a defrost cycle of the refrig-
eration system 20, the defrost circuits are operated to heat the
evaporators 42 and 46 to warm and defrost the product barrels
44 and 48. In a chilling cycle of the refrigeration system,
when the refrigeration system is operated to chill the product
freeze barrel 44, the refrigerant valve 60 is closed and the
expansion valve 36 is open, and when the refrigeration system
is operated in a defrost mode to defrost product in the freeze
barrel 44, the refrigerant valve 60 is open and the expansion
valve 36 is closed. Similarly, when the refrigeration system is
operating to chill the product freeze barrel 48, the refrigerant
valve 66 is closed and the expansion valve 38 is open, and
when the refrigeration system is operated to defrost product
in the freeze barrel 48, the refrigerant valve 66 is open and the
expansion valve 38 is closed. A sensor 72 is provided to sense
refrigerant pressure in the scroll compressor suction line 57
for a purpose as will be described.

While the refrigeration system 20 is structured to provide
chilling for two product freeze barrels, since that enables two
different types or flavors of frozen product to be prepared by
a frozen product machine, as will be apparent the teachings of
the invention may also be used with a frozen product machine
that has only a single product freeze barrel, or with one that
has more than two product freeze barrels.
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One arrangement of FCB dispenser that may utilize the
refrigeration system 20 and with which the automatic recov-
ery system of the invention may be used is shown in FIG. 2
and indicated generally at 80. The dispenser includes the two
beverage product freeze barrels 44 and 48, only the barrel 44
being shown. This particular embodiment of FCB dispenser
utilizes ambient temperature carbonation, and while not spe-
cifically shown in FIG. 2 (but shown in FIG. 1), it is under-
stood that the evaporator coil 42 is heat transfer coupled to the
barrel 44 to chill the barrel in order to freeze beverage product
mixture delivered into the barrel. With reference to the por-
tion of the dispenser 80 shown and associated with the freeze
barrel 44, it being understood that a like description applies to
a similar but less than fully shown portion of the dispenser
associated with the freeze barrel 48, a frozen beverage prod-
uct dispensing valve 82 is provided on the barrel 44 for
service of frozen beverage product to customers. To deliver
liquid beverage components into the barrel for being frozen,
an externally pumped beverage syrup concentrate is delivered
to an inlet to a syrup brixing valve 84 through a syrup line 85,
to which line is coupled a sensor 86 for detecting a syrup-out
condition. To deliver liquid beverage components to the bar-
rel 48 (shown in FIG. 1), an externally pumped beverage
syrup is delivered to an inlet to a syrup brixing valve 87
through a syrup line 88, to which line is coupled a sensor 89
for detecting a syrup-out condition. A potable water supply,
such as from a city main, is connected to the dispenser
through a strainer/pressure regulator 92, to which is coupled
a pressure switch 94 for detecting a water-out condition.
From the strainer/pressure regulator the water passes through
a carbonator pump 96 and a check valve 98 to a water inlet to
a carbonator 100. The carbonator 100 operates in a manner
well understood in the art to carbonate water introduced
therein, and carbonated water at an outlet from the carbonator
is delivered to each of an inlet to a water brixing valve 102
associated with the syrup brixing valve 84 and to an inlet to a
water brixing valve 104 associated with the syrup brixing
valve 87. The brixing valves 104, 87 comprise an associated
pair of brixing valves that delivers a water and syrup mixture,
in a selected and adjustable ratio, through an associated fluid
circuit (not shown) that includes the pre-chiller 52 and to the
freeze barrel 48. The brixing valves 102, 84 also comprise an
associated pair of brixing valves that delivers a water and
syrup mixture, in a selected and adjustable ratio, through an
associated fluid circuit that includes the pre-chiller 52 and to
the freeze barrel 44. The water and syrup beverage mixture
provided at an outlet from each pair of brixing valves is in a
ratio determined by the settings of the individual valves of
each pair, and the mixture passed though the brixing valves
102, 84 is delivered through a 3-way valve 106 and the pre-
chiller 52 to the freeze cylinder or barrel 44, it being under-
stood that, although not shown (but shown in FIG. 1), the
evaporator coil 50 is heat exchange coupled to the pre-chiller.
The3-way valve 106 has an outlet 108 leading to atmosphere,
by means of which a sample of the water and syrup mixture
output by the pair of brixing valves 102 and 84 may be
collected for analysis, so that any necessary adjustments may
be made to the brixing valves to provide a desired water/syrup
ratio.

To carbonate water in the carbonator tank 100, an exter-
nally regulated supply of CO, is coupled through a tempera-
ture compensated pressure regulator 110 and a check valve
112 to the carbonator, the regulator 110 including a capillary
sensor 114 for detecting the temperature of incoming water. A
sensor 116 detects a CO,-out condition, and the supply of
CO, is also coupled to inlets to each of two CO, pressure
regulators of a manifold 118. An outlet from a first one of the



US 8,225,621 B2

7

manifold pressure regulators is coupled through a solenoid
shut-off valve 119, a CO, flow control valve 120 and a CO,
check valve 121 to an inlet to the freeze barrel 44. In addition,
CO, at an outlet from a second one of the manifold pressure
regulators is coupled to an upper opening to an expansion
tank 122, alower opening to which is coupled to the water and
syrup mixture line between the pre-chiller and freeze barrel.
The flow control valve 120 accommodates adjustment of the
carbonation level in the barrel 44 by enabling the introduction
of CO, into the barrel for a brief period before a mixture of
water and syrup is delivered into the barrel. A pressure trans-
ducer 124 monitors the pressure of the water and syrup mix-
ture in the barrel 44 and serves as a pressure cut-in/cut-out
sensor to control filling and refilling of the barrel with liquid
beverage product to be frozen in the barrel. As is understood
by those skilled in the art, when the pressure transducer 124
detects a lower limit cut-in pressure in the barrel, for example
23 psi, the pair of brixing valves 102, 84 is opened for delivery
of'a water and syrup mixture to and into the barrel to refill the
barrel, until the pressure transducer detects an upper limit
cut-out pressure, for example 29 psi, whereupon the pair of
brixing valves is closed. During flow of the water and syrup
mixture to the barrel, the mixture is cooled as it flows through
an associated circuit in the pre-chiller 52. As the beverage
mixture is frozen in the barrel 44 it expands, and the expan-
sion chamber 122 accommodates such expansion.

As mentioned, the dispenser 80 includes the freeze barrel
48 and, therefore, includes further structure (not shown) that
is generally duplicative of that to the right of the pair of
brixing valves 102, 84 and that accommodates delivery of a
water and syrup mixture from the pair of brixing valves 104,
87 to the barrel 48, except that the beverage mixture does not
flow through a separate pre-chiller, but instead flows through
an associated circuit of the pre-chiller 52. In addition, a line
126 delivers CO, to an upper opening to an expansion cham-
ber, a lower opening from which couples to an inlet to the
barrel 48, and to accommodate addition of CO, to the barrel
48, the outlet from the manifold first CO, pressure regulator is
also coupled through a solenoid shut-oft valve 128, a CO,
flow control valve 130 and a CO, check valve 132 to the inlet
to the barrel.

In operation of the FCB machine 80, liquid beverage com-
ponents are introduced through the pre-chiller and into the
freeze barrels 44 and 48 by their respective pairs of brixing
valves 84, 102 and 87, 104. The refrigeration system 20
provides chilling for the pre-chiller 52 via the heat transfer
coupled evaporator 50, so that the liquid beverage compo-
nents delivered into the freeze barrels 44 and 48 are chilled.
The refrigeration system also provides chilling for the freeze
barrels 44 and 48 via the respective heat transfer coupled
evaporators 42 and 46, to freeze the liquid beverage compo-
nents in the barrels while the components are agitated by
associated motor driven beater bar and scraper assemblies, all
in a manner understood by those skilled in the art. Frozen
beverage product prepared within the freeze barrels is dis-
pensed for service to customers, such a by the dispense valve
82 coupled to the freeze barrel 44.

As discussed, should there be a relatively brief interruption
of electric power to the motor/scroll compressor 22 while the
refrigeration system 20 is operating in a chilling cycle of one
or both of the freeze barrels 44 and 48, because of the resultant
flow of refrigerant through the scroll compressor from the
high to the suction side of the compressor when the motor is
first deenergized, which can cause rotation of the compressor
and its drive motor in a reverse or backward direction of
operation, it can happen that if electric power is restored while
the motor/compressor is still rotating in the reverse direction,
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the motor can be energized in the reverse direction and will
then rotate the compressor in the reverse direction. Under this
circumstance, refrigerant is drawn into the compressor high
side outlet and pumped out of the compressor suction inlet,
and the refrigeration system will overheat and shutdown.

To avoid overheating, shutdown and potential damage to a
refrigeration system should a reversal in the direction of rota-
tion or operation of its motor/scroll compressor occur, the
invention advantageously provides a control system that
detects the occurrence of backward or reverse operation of the
motor/scroll compressor and automatically restores proper
operation of the motor/scroll compressor. The controller for
the refrigeration system is provided with such a control sys-
tem, which in operation implements an algorithm that, in
accordance with one contemplated practice of the invention,
may be represented by the flow chart of FIG. 3.

With reference to the FIG. 3 algorithm, at a box 200 there
is begun a periodically implemented check for a reversal in
the direction of operation of the motor/scroll compressor 22
of the refrigeration system 20. Since the motor/compressor
will not enter a reverse mode of operation if the refrigeration
system is off or in a defrost cycle at the time of occurrence of
a brief interruption of electrical power to the refrigeration
system, at a box 202 it is determined whether the motor/
compressor is on and, if so, if it being used in a defrost cycle.
If the compressor is not on, or if it is on and the refrigeration
system is being operated in a defrost cycle, at a box 204 the
compressor timers (described below) are reset and at a box
206 algorithm returns to the box 200.

If at the box 202 it is determined that the motor/scroll
compressor 22 is on and the refrigeration system 20 is not in
a defrost cycle and, therefore, is in a chilling cycle, a check is
begun to determine whether the motor/scroll compressor is
operating in a reverse mode. This check is begun at a box 208,
where a Compressor ON Timer is started at the time of each
energization of the motor/scroll compressor when the refrig-
eration system is in a chilling cycle. At a box 210 the Com-
pressor ON time is compared to a First Time Limit; which
First Time Limit is a selected minimum time interval during
which the compressor must be operating, upon the refrigera-
tion system being operated in a chilling cycle, before moni-
tored refrigerant pressure at the suction inlet to the compres-
sor, as detected by the sensor 72, can be used to reliably
determine whether the motor/compressor is or is not operat-
ing in a reverse mode. If the Compressor ON time is not
greater than the First Time Limit, at the box 206 the algorithm
returns the box 200.

If at the box 210 it is determined that the Compressor ON
time is greater than the First Time Limit, at a box 212 a
determination is made whether the Low Side Pressure at the
suction inlet to the compressor is greater than a Predeter-
mined Limit, which Predetermined Limit has a value selected
to be greater than the maximum known pressure that would be
reached at the suction inlet in normal, non-reverse operation
of'the compressor. If the Low Side Pressure is not greater than
the Predetermined Limit, at the box 206 the algorithm returns
to the box 200. However, if the Low Side Pressure is greater
than the Predetermined Limit, then at a box 214 a High
Pressure Timer is started, the value of which indicates the
time for which monitored Low Side Pressure has been
detected to exceed the Predetermined Limit. Ata box 216, the
value of the High Pressure Timer is compared to a Second
Time Limit, the value of which is selected such that if the
High Pressure Timer exceeds the Second Time Limit, a deter-
mination can be made that the motor/scroll compressor is
operating backward in reverse mode. On the other hand, if the
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value of the High Pressure Timer does not exceed the Second
Time Limit, the algorithm returns through the exit box 206 to
the start box 200.

If at the box 216 the High Pressure Timer is determined to
exceed the Second Time Limit, which indicates that the
motor/scroll compressor 22 is running backward, then at a
box 218 the motor/compressor is turned off and at a box 220
a timer is started to measure a Third Time Limit, which Third
Time Limit is selected to be a length of time that is sufficient
for refrigerant pressures in the refrigeration system 20 to
normalize to a point that, upon restarting of the motor/com-
pressor, there is an expectation that the motor/compressor
will operate in its normal mode and not in a reverse mode. At
the end of the Third Time Limit a Trial Counter is incre-
mented at a box 222, which Trial Counter stores a count of the
number of times that the motor/compressor has been shut off
and then upon starting up again ran in reverse mode, without
first running in normal mode. If the count in the Trial Counter
is not greater than a selected Defined Limit, which Defined
Limit is the number of successive restarts of the motor/com-
pressor in reverse mode that are allowed to occur before it is
determined that there is a failure of the system requiring a
service call, at a box 226 the motor/compressor is restarted
and at a box 206 the algorithm returns to the box 200. How-
ever, if at the box 224 the count in the Trial Counter is
incremented to a value greater than the Defined Limit, ata box
228 a Flag Error is generated and the system is shut down
pending a service call.

In most cases, the condition that produced a reversal in the
direction of operation of the motor driven scroll compressor
22, i.e., the brief interruption in power that caused the motor/
compressor to shut down and then restart in reverse mode,
will have ceased during the Third Time Limit while the motor/
compressor are off, such that normal operation of the refrig-
eration system and frozen product machine will be restored
without loss of service or operation of the machine.

Thus, the invention contemplates that upon sensing that an
electric motor driven scroll compressor of a refrigeration
system is on, a determination be made whether the refrigera-
tion system is in a chilling mode. If it is, then following a first
time interval after startup of the compressor, the pressure of
refrigerant at the suction side of the compressor is compared
with a predetermined upper pressure limit, which predeter-
mined upper pressure limit is chosen to be greater than the
maximum pressure anticipated to occur at the suction side of
the compressor during normal operation of the refrigeration
system. If the monitored suction side pressure of the com-
pressor exceeds the predetermined upper pressure limit for a
second time interval, it is an indication that the compressor is
operating in reverse and it is turned off. After the compressor
has been turned off for a third time interval sufficient for
refrigeration system pressures to at least somewhat stabilize,
the compressor is restarted and the above described sequence
is repeated. Upon the compressor being turned off a selected
number of times as a result of continuing to operate in reverse
mode following successive startups of the compressor, it is
assumed that the reverse mode of operation is not being
caused by transient conditions, a system error is generated
and the refrigeration system is shut down pending a service
call.

If desired, means for detecting an interruption of power to
the scroll compressor drive motor can be provided and the
algorithm implemented only in response to detecting an inter-
ruption, or only in response to detecting an interruption of
power while the refrigeration system is operating in a chilling
cycle.
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It is to be appreciated that while the invention has been
described in terms of its use in a refrigeration system for a
frozen beverage dispenser, it can also find use with other types
of refrigeration systems that utilize an electric motor driven
scroll compressor that has the potential of starting up in a
reverse mode of operation should a transient electric power
interruption occur while the refrigeration system is in a chill-
ing cycle. It also is to be appreciated that if the refrigeration
system is always to operate the motor driven scroll compres-
sor in chilling cycles, then in implementing the algorithm it is
not necessary to first determine whether the compressor is
operating in a defrost cycle.

While embodiments of the invention have been described
in detail, various modifications and other embodiments
thereof may be devised by one skilled in the art without
departing from the spirit and scope of the invention, as
defined in the appended claims.

What is claimed is:

1. A control system for a refrigeration system having an
electric motor driven compressor, said control system com-
prising:

means for sensing whether said compressor is on;

first means for determining whether compressor suction

side pressure is at least equal to a predetermined pres-
sure at the end of a first time interval following sensing
that said compressor is on;

second means for determining whether compressor suction

side pressure is at least equal to said predetermined
pressure at the end of a second time interval following a
determination at the end of said first time interval that
compressor suction side pressure is at least equal to said
predetermined pressure;

means for turning off said motor driven compressor for a

third time interval in response to a determination at the
end of said second time interval that compressor suction
side pressure is at least equal to said predetermined
pressure; and

means for turning on said motor driven compressor at the

end of said third time interval.

2. A control system as in claim 1, wherein said electric
motor driven compressor is an electric motor driven scroll
compressor.

3. A control system as in claim 1, wherein said refrigeration
system is operable in both chilling and defrost cycles, said
sensing means further senses whether said compressor is on
in a defrost cycle of said refrigeration system, and said first
means for determining is responsive to said sensing means
sensing that said compressor is on but not in a defrost cycle of
said refrigeration system for determining whether compres-
sor suction side pressure is at least equal to said predeter-
mined pressure at the end of said first time interval.

4. A control system as in claim 1, further including:

counter means for storing a count of the number of succes-

sive times that said compressor is turned off by said
means for turning off said compressor; and

means responsive to the count in said counter means reach-

ing a selected count for terminating operation of said
refrigeration system.

5. A controller for a refrigeration system having an electric
motor driven compressor, said refrigeration system compris-
ing:

means for monitoring refrigerant pressure at a suction side

of said compressor;

means responsive to monitored suction pressure being at

least equal to a predetermined pressure at selected times
after said motor driven compressor is turned on for turn-
ing off said motor driven compressor; and



US 8,225,621 B2

11

means for turning on said motor driven compressor a pre-
determined time after said means responsive turns off
said compressor.

6. A controller as in claim 5, wherein said refrigeration
system compressor is a scroll compressor.

7. A controller as in claim 5, including a frozen product
dispenser, said refrigeration system having an evaporator heat
exchange coupled to a freeze barrel of said frozen product
dispenser and being operable to turn on said compressor in
each of chilling and defrost cycles of said refrigeration system
to chill and defrost said freeze barrel.

8. A controller as in claim 7, including:

means for sensing when said compressor is on in a chilling

cycle of said refrigeration system;

first timer means responsive to said sensing means sensing

that said compressor is on in a chilling cycle of said
refrigeration system for initiating timing of a first time
interval; and

second timer means for initiating timing of a second time

interval at the end of said first time interval if at the end
of'said first time interval monitored refrigerant pressure
at said compressor suction side is at least equal to said
predetermined pressure, said first and second time inter-
vals being said selected times.

9. A controller as in claim 8, including:

counter means for storing a count of the number of times

said compressor is successively turned off by said means
responsive and then turned on by said means for turning
on; and

means responsive to a selected count in said counter means

for terminating operation of said refrigeration system.

10. A refrigeration system having an electric motor driven
scroll compressor operable in chilling and defrost cycles of
said refrigeration system, said refrigeration system compris-
ing:

means for energizing said electric motor to turn on said

compressor;

means for monitoring refrigerant pressure at a suction side

of said compressor;

first timer means responsive to said compressor being

turned on in a chilling cycle of said refrigeration system
to initiate timing of a first time interval;
first means for comparing monitored compressor suction
side pressure to a predetermined pressure and for gen-
erating a first signal if said monitored pressure is at least
equal to said predetermined pressure at the end of said
first time interval,;
second timer means responsive to generation of said first
signal to initiate timing of a second time interval;

second means for comparing monitored compressor suc-
tion side pressure to the predetermined pressure and for
generating a second signal if said monitored pressure is
atleast equal to said predetermined pressure at the end of
said second time interval,

means responsive to generation of said second signal for

de-energizing said electric motor to turn off said com-
pressor;
third timer means responsive to generation of said second
signal for initiating timing of a third time interval; and

means for re-energizing said electric motor at the end of
said third time interval to turn on said compressor in a
chilling cycle of said refrigeration system.

11. A refrigeration system as in claim 10, including:

counter means for counting the number of successive times

that said electric motor is de-energized due to compres-
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sor suction side pressure being at least equal to said
predetermined pressure at the end of said second time
interval; and

means responsive to said counter means reaching a

selected count to terminate operation of said refrigera-
tion system.

12. A method of controlling a refrigeration system having
an electric motor driven scroll compressor, said method com-
prising the steps of:

energizing the electric motor to operate the compressor;

monitoring refrigerant pressure at a suction side of the

compressor;

determining whether monitored refrigerant pressure is at

least equal to a predetermined pressure both after expi-
ration of a first time interval following energization of
the motor and after expiration of a second time interval
following expiration of the first time interval;

de-energizing the motor to turn off the compressor for a

third time interval in response to said determining step
determining that monitored compressor suction side
pressure is at least equal to the predetermined pressure
after expiration of each of the first and second time
intervals; and

re-energizing the electric motor to operate the compressor

following expiration of the third time interval.

13. A method of controlling a refrigeration system having
an electric motor driven compressor, said method comprising
the steps of:

sensing whether the compressor is on;

determining whether compressor suction side pressure is at

least equal to a predetermined pressure at the end of a
first time interval following said sensing step sensing
that the compressor is on;
ascertaining, in response to said determining step deter-
mining that compressor suction side pressure is at least
equal to the predetermined pressure at the end of the first
time interval, whether compressor suction side pressure
is at least equal to the predetermined pressure at the end
of asecond time interval following the first time interval;

turning off the motor driven compressor for a third time
interval in response to said ascertaining step ascertain-
ing that compressor suction side pressure is at least equal
to the predetermined pressure at the end of the second
time interval; and

turning on the motor driven compressor at the end of the

third time interval.

14. A method as in claim 13, wherein the electric motor
driven compressor is a scroll compressor.

15. A method as in claim 13, wherein the refrigeration
system is operable in chilling and defrost cycles, said sensing
step senses whether the compressor is on in a defrost cycle of
the refrigeration system, and said determining step is respon-
sive to said sensing step sensing that the compressor is on but
not in a defrost cycle of the refrigeration system to determine
whether compressor suction side pressure is at least equal to
the predetermined pressure at the end of the first time interval.

16. A method as in claim 13, including the steps of:

counting the number of successive times of performance of

said turning off step; and

terminating operation of the refrigeration system upon said

counting step reaching a predetermined count.

17. A method of controlling a refrigeration system having
an electric motor driven scroll compressor operable in chill-
ing and defrost cycles of the refrigeration system, said
method comprising the steps of:

energizing the electric motor to turn on the compressor;
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monitoring refrigerant pressure at a suction side of the
compressor;

sensing whether the compressor is on in a defrost cycle of
the refrigeration system;

initiating timing of a first time interval in response to said
sensing step sensing that the compressor is on and not in
a defrost cycle of the refrigeration system;

determining, after expiration of the first time interval,
whether monitored pressure at the suction side of the
compressor is at least equal to a predetermined pressure;

initiating timing of a second time interval in response to
said determining step determining that monitored com-
pressor suction side pressure is at least equal to the
predetermined pressure after expiration of the first time
interval;

ascertaining, after expiration of the second time interval,
whether monitored compressor suction side pressure is
at least equal to the predetermined pressure;

14

turning off the compressor in response to said ascertaining
step ascertaining that monitored compressor suction
side pressure is at least equal to the predetermined pres-
sure after expiration of the second time interval;

initiating timing of a third time interval in response to
performance of said turning off step; and

re-energizing the electric motor to turn on the compressor
in a chilling cycle of the refrigeration system after expi-
ration of the third time interval.

18. A method as in claim 17, including the steps of:

counting the number of times of expiration of the third time
interval; and

terminating operation of the refrigeration system upon said
counting step reaching a selected count.



