
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

2 
48

2 
01

2
B

1
*EP002482012B1*

(11) EP 2 482 012 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.05.2020 Bulletin 2020/19

(21) Application number: 11195836.9

(22) Date of filing: 27.12.2011

(51) Int Cl.:
F25B 49/02 (2006.01)

(54) Compressor motor preheat control

Vorheizsteuerung für Kompressormotoren

Contrôle de préchauffage de moteur de compresseur

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 26.01.2011 US 201113014173

(43) Date of publication of application: 
01.08.2012 Bulletin 2012/31

(73) Proprietor: Hamilton Sundstrand Corporation
Charlotte, NC 28217 (US)

(72) Inventors:  
• Giunta, Joseph A.

Windsor, CT Connecticut 06095 (US)

• Deroy, Robert M.
Tolland, CT Connecticut 06084 (US)

• Rusich, Richard
Ellington, CT Connecticut 06029 (US)

(74) Representative: Dehns
St. Bride’s House 
10 Salisbury Square
London EC4Y 8JD (GB)

(56) References cited:  
JP-A- H10 141 739 US-A- 4 638 643
US-A- 5 195 327 US-A1- 2007 056 300



EP 2 482 012 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] The present invention relates to vapor cycle
systems having a compressor, and more particularly to
vapor cycle systems and methods of operating the same
to reduce flooded compressor startup conditions and/or
lubrication accumulation in the idle compressors of multi-
compressor systems.
[0002] Vapor cycle systems (VCSs) are known for pro-
viding cooling in a variety of contexts. In general, a re-
frigerant is compressed and expanded in a cyclical man-
ner to transfer thermal energy and help cool a given air-
space or fluid. Some VCSs have a dual compressor con-
figuration, with two compressors operable within the
same overall refrigerant circuit. The document US
2007/056300 A1 discloses a vapor cycle system with a
first and second compressor in parallel and the associ-
ated control thereof.
[0003] It is desired to reduce fluid migration issues in
dual compressor VCSs, and to provide a cold-start pro-
cedure for VCSs with any number of compressors.

SUMMARY

[0004] A method of controlling a vapor cycle system
having first and second compressors according to claim
1 is disclosed.
[0005] Viewed from a second aspect, the present in-
vention provides a vapor cycle system according to claim
9.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a block diagram schematically illustrating
a dual compressor vapor cycle system (VCS) ac-
cording to the present invention.
FIG. 2 is a flow chart illustrating an embodiment of
a method of controlling a VCS according to the
present invention.
FIG. 3 is a flow chart illustrating an alternative em-
bodiment of a method of controlling a VCS according
to the present invention.

DETAILED DESCRIPTION

[0007] In general, one embodiment the present inven-
tion relates to multi-compressor vapor cycle system
(VCS) and associated control logic. The present inven-
tors have discovered a problem with dual compressor
VCSs when one compressor is idle, that is not operating
to compress refrigerant, whereby liquid state refrigerant
and/or lubricant can migrate to the idle compressor. Mi-
grating fluid can undesirably starve the active compres-
sor of lubricant and negatively impact system perform-

ance, resulting in reduced cooling effectiveness as well
as potential failure of the operating compressor. Further-
more, the idle compressor flooded with liquid refrigerant
and/or lubricant can experience difficulties at startup
when requested to operate (called a "flooded start"),
which can lead to reliability issues. In one embodiment
of a multi-compressor VCS according to the present in-
vention, the compressors are connected in parallel,
which allows fluid to pass between the compressors and
into the idle compressor. Each compressor can be se-
lectively activated based on desired cooling capacity,
such that both compressors or only one of them are op-
erating simultaneously to compress refrigerant. When
only a single compressor is active, the control logic pro-
vides heating to an idle compressor to reduce or eliminate
migration of refrigerant and/or lubricant in a liquid state
into the idle compressor. The idle compressor has an
electric motor that can be used to generate heat that re-
duces migration of liquids and tends to drive out or evap-
orate any liquids that may be present. By default, a pre-
heat mode of the idle compressor generates heat with
windings of the idle compressor motor to a given motor
temperature range (e.g., 48.9°C (120°F) to 54.4°C
(130°F)), controlled by sensing the motor temperature
with a suitable sensor, such as a thermistor. The system
can further optionally provide a failsafe timer mechanism
to prevent overheating in the event of a failure of the
temperature sensor. The preheating mode of the idle
compressor is cycled on (i.e., operated) for a given time
period (e.g., 14 minutes), and can then by cycled off for
a given delay period (e.g., 30 minutes) before the pre-
heating time period is reactivated, thereby providing the
optional failsafe time functionality. By heating the idle
compressor according to the present invention, an active
(non-idle) compressor is not starved of refrigerant during
operation due to migration of fluid to the idle compressor.
Furthermore, the preheat mode helps reduce a risk of a
flooded start when the idle compressor is activated to
begin compressing refrigerant. In another embodiment
of the present invention, a preheating mode is provided
that is controlled based on sensed motor temperature,
such as using sensed resistance through a thermistor,
and can be implemented in single or multi-compressor
VCSs. Other features and benefits of the present inven-
tion will be appreciated in view of the discussion that fol-
lows.
[0008] FIG. 1 is a block diagram schematically illus-
trating one embodiment of a dual compressor VCS 10
that includes a vapor cycle circuit 12, a compressor 14,
a compressor 16, and a control module 18.
[0009] Each compressor 14 and 16 includes an electric
motor 14-1 and 16-1, respectively, and can be of any
suitable type (e.g., scroll, reciprocating, etc.). The electric
motors 14-1 and 16-1 can include suitable windings, etc.,
and can have a conventional configuration. The com-
pressors 14 and 16 can each be connected to a common
suction port manifold 20 and a common discharge port
manifold 26, with each manifold 20 and 26 connected in
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fluid communication with the vapor cycle circuit 12. In the
illustrated embodiment, the compressors 14 and 16 are
connected to the vapor cycle circuit 12 in parallel. Com-
mon discharge and suction manifolds can be omitted in
alternative embodiments, with separate discharge and
suction ports for each compressor 14 and 16. A temper-
ature sensor 28 and 30 is provided for each compressor
14 and 16, respectively, to sense a motor temperature
of the compressor 14 or 16. In one embodiment, the sen-
sors 28 and 30 are thermistors that allow temperature
sensing by changing resistance as a function of temper-
ature. A motor controller 32 and 34 is provided from each
compressor 14 and 16, respectively. The motor control-
lers 32 and 34 each accept power, send operational com-
mands to the motors 14-1 and 16-1 of the compressors
14 and 16, and receive temperature signals from the sen-
sors 28 and 30. Signals sent between the motor control-
lers 32 and 34 and the compressors 14 and 16 can all
be analog. The sensors 28 and 30 and the motor con-
trollers 32 and 34 can be part of a common assembly
with the compressors 14 and 16, respectively, in some
embodiments.
[0010] The control module 18 is operatively connected
to each motor controller 32 and 34, and communication
between the motor controllers 32 and 34 and the control
module 18 can be in the form of digital signals. The control
module 18 includes a data transfer interface 36 and con-
trol logic 38, which can be implemented through suitable
circuitry and/or software (e.g., suitable processor(s),
computer-readable memory, etc.). The data transfer in-
terface 36 facilitates communication between all of the
motor controllers 32 and 34 and the control logic 38 of
the control module 18. The control logic 38 provides high
level decision making for the VCS 10, while the motor
controllers 32 and 34 handle lower-level tasks such and
providing operational commands to the motors 14-1 and
16-1 of the compressors 14 and 16.
[0011] A refrigerant 40 (e.g., R134A refrigerant) and a
lubricant 42 are present within the VCS 10. In the illus-
trated embodiment, which shows the compressor 14 in
an active state and the compressor 16 in an idle state,
portions of the refrigerant 40 and the lubricant 42 in liquid
phases are present in the compressor 16. Vapor phase
portions of the refrigerant 40 and the lubricant 42 are also
present in the vapor cycle circuit 12 and the compressors
14 and 16.
[0012] During operation, the VCS 10 can activate one
or both of the compressors 14 and 16 to move and com-
press fluid (e.g., the refrigerant 40). Cooling can be pro-
vided by the VCS 10 in a conventional manner. The basic
operation of VCSs to provide cooling is well-known, and
will be understood by those of ordinary skill in the art.
Further discussion here is unnecessary. Depending up-
on cooling demand, both compressors 14 and 16 can be
operated simultaneously to provide relatively high levels
of cooling, or only one of the compressors 14 or 16 can
be operated while the other compressor 14 or 16 remains
idle (i.e., not moving or compressing fluid) to provide a

lower level of cooling. Operation of only a single one of
the compressors 14 and 16 can alternate between the
two, to provide relatively even usage of each compressor
14 and 16 over time.
[0013] FIG. 2 is a flow chart illustrating one embodi-
ment of a method of controlling the VCS 10. Initially, the
VCS 10 is operated in a mode with only one compressor
14 or 16 active to move or compress fluid (step 100). As
discussed above, the VCS 10 can also operate both com-
pressors 14 and 16 active simultaneously, and, further,
in single compressor operation the particular compressor
14 or 16 that is active can alternate. By default, a motor
temperature of the motor 14-1 or 16-1 of the idle com-
pressor 14 or 16 is sensed using the corresponding sen-
sor 28 or 30 (step 102). The temperature of fluid in the
idle compressor 14 or 16 need not be sensed directly,
only the temperature of motor windings of the motor 14-1
or 16-1 of the idle compressor 14 or 16. Temperature of
the motor windings can be sensed by delivering a current
and measuring resistance through a thermistor, or using
other methods as desired. The sensed temperature is
communicated to the control logic 38 of the control mod-
ule 18. The control logic 38 analyzes the sensed data
and determines if the motor temperature of the idle com-
pressor 14 or 16 is above a lower threshold (also called
a lower temperature threshold) (step 104). In the illus-
trated embodiment the lower threshold is approximately
48.9°C (120°F), though other temperatures can be se-
lected for the lower threshold in alternative embodiments.
For instance, the lower threshold can be selected to be
sufficiently high to ensure that the refrigerant 40 is va-
porized. If the motor temperature is above the lower
threshold, then it is okay to start (i.e., activate) the idle
compressor motor if desired (step 106). If the sensed
motor temperature is below the lower threshold, then a
preheating mode can be activated (step 108). The pre-
heating mode can generate thermal energy by delivering
power from the motor controller 32 or 34 to windings of
the motor 14-1 or 16-1 of the idle compressor 14 or 16,
thereby using the idle motor windings as a heater, without
activating the motor 14-1 or 16-1 of the idle compressor
14 or 16 to generate a motive force to move or compress
fluid. Thermal energy created by motor windings can va-
porize liquid, such as the refrigerant 40 and/or the lubri-
cant 42, that may be present in the idle compressor 14
or 16, and can help drive out refrigerant 40 or other liquid
from the idle compressor 14 or 16 to help prevent migra-
tion of fluid from the active compressor 14 or 16 through
the vapor cycle circuit 12 that may starve the active com-
pressor 14 or 16 of such fluid used for operation.
[0014] It is desirable to maintain the motor temperature
of the idle compressor 14 or 16 within a given range be-
tween the lower threshold and an upper threshold (also
called an upper temperature threshold). After the pre-
heating mode has been activated at step 108, it is deter-
mined whether the sensed motor temperature of the idle
compressor 14 or 16 is above the upper threshold (step
110). The upper threshold can be approximately 54.4°C
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(130°F), or other temperatures in alternative embodi-
ments. If the motor temperature is above the upper
threshold, then the preheating mode of the idle compres-
sor 14 or 16 can be turned off (step 112), and then it is
okay to start the motor of the idle compressor 14 or 16
at step 106. In this way, sensed motor temperature con-
trols the preheat mode by default, and turns on or off
preheating of the idle compressor 14 or 16 as a function
of sensed motor temperature. If the motor temperature
of the idle compressor 14 or 16 is below the upper thresh-
old, it is determined whether the motor temperature is
above the lower threshold and there is a command to
turn the idle compressor 14 or 16 on (i.e., activate the
idle compressor 14 or 16) (step 114). If the motor tem-
perature is above the lower threshold and the idle com-
pressor 14 or 16 is commanded on, then the preheat
mode is turned off at step 112 and it is okay to start the
motor 14-1 or 16-1 of the idle compressor 14 or 16 at
step 106.
[0015] If the motor temperature of the idle compressor
14 or 16 is either below the lower threshold or the motor
14-1 or 16-1 of the idle compressor 14 or 16 is not com-
manded on, then the preheat mode is maintained on for
a preheat time period (step 116). The preheat time period
can be 14 minutes, or another time period in alternative
embodiments. After the preheat time period, the preheat
mode is turned off (step 118) and thermal energy is no
longer generated by the motor of the idle compressor 14
or 16. The preheat time period thus provides a failsafe
to limit the maximum duration of the preheating and the
amount of time that heat is generated with the motor of
the idle compressor 14 or 16, which helps prevent a risk
of overheating in the event of a failure of the sensor 28
or 30. After the preheat time period has expired and the
preheat mode is turned off at step 118, then a determi-
nation is made as whether the idle compressor 14 or 16
has been commanded on (step 120). If there is a com-
mand to turn on the idle compressor after step 118, then
it is okay to start the motor at step 106. If the preheat
time period has lapsed, in effect overriding the default
sensed temperature control of the preheating mode, then
the motor 14-1 or 16-1 of the idle compressor 14 or 16
can be started regardless of the actual motor tempera-
ture. The preheat time period can selected to help pro-
mote a suitable motor temperature of the idle compressor
14 or 16 even without the benefit of temperature sensing.
If the preheat time period has lapsed at step 118 but there
is no command to turn on the idle compressor 14 or 16,
then a delay period is triggered (step 122). In one em-
bodiment the delay period can be 30 minutes, or other
periods in alternative embodiments. During the delay pe-
riod the preheat mode of the idle compressor 14 or 16 is
maintained in an off condition. The delay period helps
prevent overheating and provides further failsafe protec-
tion. After expiration of the delay period, the preheat
mode of the idle compressor 14 or 16 can be reactivated
at step 116.
[0016] At any time it is determined it is okay to start the

motor 14-1 or 16-1 of the idle compressor 14 or 16 at
step 106, the idle compressor 14 or 16 can be started
(i.e., activated) to move or compress fluid. After step 106,
a determination can be made as to whether single com-
pressor mode is desired (step 124). At this point, the sin-
gle compressor mode using the same active compressor
14 or 16 can be maintained or the active and idle com-
pressors 14 and 16 can alternate roles. If single com-
pressor mode is desired, then the method can proceed
to step 100 and begin again. If single compressor mode
is not desired and all compressors 14 and 16 are acti-
vated, then the method is finished because preheating
is not needed when all compressors 14 and 16 are active.
[0017] FIG. 3 is a flow chart illustrating an alternative
embodiment of a method of controlling a VCS to provide
a "cold start" routine. In the embodiment illustrated in
FIG. 3, a time fail-safe procedure, as provided in the em-
bodiment illustrated in FIG. 2, is omitted. It should be
appreciated that the method illustrated in FIG. 3 can read-
ily be applied to single-compressor VCSs, or to multi-
compressor systems such as VCS 10 shown in FIG. 1.
[0018] Initially, a motor temperature of the motor 14-1
or 16-1 of an idle compressor 14 or 16 is sensed using
a corresponding sensor 28 or 30 (step 202). The tem-
perature of fluid in the idle compressor 14 or 16 need not
be sensed directly, only the temperature of the motor
windings of the motor 14-1 or 16-1 of the idle compressor
14 or 16. Temperature of the motor windings can be
sensed by delivering a current and measuring resistance
through a thermistor, or using other methods as desired.
The sensed temperature is communicated to the control
logic 38 of the control module 18. The control logic 38
analyzes the sensed data and determines if the motor
temperature of the idle compressor 14 or 16 is above a
lower threshold (also called a lower temperature thresh-
old) (step 204). In the illustrated embodiment the lower
threshold is approximately 29.4°C (85°F), though other
temperatures can be selected for the lower threshold in
alternative embodiments. For instance, the lower thresh-
old can be selected to be sufficiently high to ensure that
the refrigerant 40 is vaporized. If the motor temperature
is above the lower threshold, then it is okay to start (i.e.,
activate) the idle compressor motor 14-1 or 16-1 if desired
(step 206). If the sensed motor temperature is below the
lower threshold, then a preheating mode can be activated
(step 208). The preheating mode can generate thermal
energy by delivering power from the motor controller 32
or 34 to windings of the motor 14-1 or 16-1 of the idle
compressor 14 or 16, thereby using the idle motor wind-
ings as a heater, without activating the motor 14-1 or 16-1
of the idle compressor 14 or 16 to generate a motive force
to move or compress fluid. Thermal energy created by
motor windings can vaporize liquid, such as the refriger-
ant 40 and/or the lubricant 42, that may be present in the
idle compressor 14 or 16, and can help drive out refrig-
erant 40 or other liquid from the idle compressor 14 or 16.
[0019] It is desirable to maintain the motor temperature
of the idle compressor 14 or 16 within a given range be-
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tween the lower threshold and an upper threshold (also
called an upper temperature threshold). After the pre-
heating mode has been activated at step 208, it is deter-
mined whether the sensed motor temperature of the idle
compressor 14 or 16 is above the upper threshold (step
210). The upper threshold can be approximately 32.2°C
(90°F), or other temperatures in alternative embodi-
ments. If the motor temperature is above the upper
threshold, then the preheating mode of the idle compres-
sor 14 or 16 can be turned off (step 212), and then it is
okay to start the motor 14-1 or 16-1 of the idle compressor
14 or 16 at step 206. In this way, sensed motor temper-
ature controls the preheat mode by default, and turns on
or off preheating of the idle compressor 14 or 16 as a
function of sensed motor temperature. If the motor tem-
perature of the idle compressor 14 or 16 is below the
upper threshold, then it is determined if there has been
a motor temperature sensor failure (step 215). This can
be accomplished through built-in-testing processes, or
any other suitable method. If the sensor is operating nor-
mally, preheating can continue at step 208. If the sensor
has failed, preheating is turned on for a time period (e.g.,
18 minutes) (step 216), then preheating is turned off (step
218). At this point it is determined if the idle compressor
14 or 16 is commanded on (step 220). If the idle com-
pressor 14 or 16 is commanded on, then it is okay to start
the motor 14-1 or 16-1 at step 206. If there is no on com-
mand, then a delay period (e.g., 30 minutes) is begun
(step 222). During the delay period, it is determined if
there is an on command (step 224). If there is an on
command any time during the delay period, then it is okay
to start the motor 14-1 or 16-1 at step 206. If there is no
on command after the expiration of the delay period, then
a preheating period can be cycled on for a new time pe-
riod (e.g., 14 minutes) (step 226), which returns to step
218 to continue the method.
[0020] At any time it is determined it is okay to start the
motor 14-1 or 16-1 of the idle compressor 14 or 16 at
step 206, the idle compressor 14 or 16 can be started
(i.e., activated) to move or compress fluid.
[0021] It should be noted that the method illustrated in
FIG. 3 can be limited only to use in relatively cold envi-
ronments or climates. For instance, use of the method
shown in FIG. 3 can be used only when a sensed ambient
temperature is below a suitable temperature threshold.

Claims

1. A method of controlling a vapor cycle system (10)
having first and second compressors (14, 16),
wherein each of the first and second compressors
has an electric motor, the method comprising:

operating the first compressor (14) to compress
refrigerant while the second compressor (16) is
idle;
operating the second compressor (16) by:

sensing a motor temperature of the second
compressor when the second compressor
is idle;
determining if the motor temperature is be-
low a lower temperature threshold;
activating a preheat mode when the motor
temperature is below the lower temperature
threshold by supplying current to the electric
motor to generate heat while the second
compressor remains idle; and
turning off the preheat mode when the
sensed motor temperature is above an up-
per temperature threshold; and

limiting the maximum duration of the preheating
mode to a preheating time period, such that the
preheating mode is turned off after being acti-
vated for the preheating time period.

2. The method of claim 1 and further comprising:
activating the second compressor when the motor
temperature is above the lower temperature thresh-
old and after turning off the preheat mode.

3. The method of claim 1 or 2, wherein the lower tem-
perature threshold is approximately 29.4°C (85°F),
and wherein the upper temperature threshold is ap-
proximately 32.2°C (90°F).

4. The method of claim 1, 2 or 3, wherein the motor
temperature is sensed by sensing a resistance with
a thermistor (28, 30).

5. The method of claim 1, wherein the preheating time
period is approximately 14 minutes.

6. The method of any preceding claim and further com-
prising:

maintaining the second compressor preheat
mode in an off condition for a delay period; and
reactivating the preheating mode for the second
compressor for the preheating time period fol-
lowing the delay period.

7. The method of claim 6 wherein the delay period is
approximately 30 minutes.

8. The method of any preceding claim and further com-
prising:
starting the second compressor to compress refrig-
erant after the preheat mode is turned off.

9. A vapor cycle system (10) comprising:

a first compressor (14) having an electric motor
(14-1), a motor temperature sensor (28), and a
motor controller (32);
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a second compressor (16) having an electric
motor (16-1), a motor temperature sensor (30),
and a motor controller (34);
a refrigerant circuit, wherein the first compressor
and the second compressor are connected in
fluid communication with the refrigerant circuit
in parallel; and
a control module (18) operatively connected to
the motor controller of each of the first and sec-
ond compressors, wherein the control module
is configured to command the motor controllers
of each of the first and second compressors to
operate only one of the first and second com-
pressors to compress refrigerant and to operate
the other, idle one of the first and second com-
pressors in a preheat mode, wherein the preheat
mode is activated to generate heat with the mo-
tor of the idle one of the first and second com-
pressors to a preheat temperature range, and
wherein the control module is further configured
to limit a duration of the preheat mode to a pre-
heating time period.

10. The vapor cycle system of claim 9, wherein the pre-
heat temperature range is approximately 48.9°C
(120°F) to approximately 54.4°C (130°F).

11. The vapor cycle system of claim 9 or 10, wherein the
motor temperature sensors of each of the first and
second compressors is a thermistor.

12. The vapor cycle system of claim 9, 10 or 11, wherein
the control module is further configured to maintain
the preheat mode of the idle one of the first and sec-
ond compressors in an off condition for a delay period
and then reactivate the preheating mode for the idle
one of the first and second compressors for the pre-
heating time period following the delay period.

13. The vapor cycle system of claim 12, wherein the pre-
heating time period is approximately 14 minutes, and
wherein the delay period is approximately 30 min-
utes.

Patentansprüche

1. Verfahren zum Steuern eines Dampfzyklussystems
(10), das einen ersten und zweiten Kompressor (14,
16) aufweist, wobei jeder des ersten und zweiten
Kompressors einen Elektromotor aufweist, wobei
das Verfahren Folgendes umfasst:

Betreiben des ersten Kompressors (14), damit
er Kühlmittel komprimiert, während sich der
zweite Kompressor (16) im Leerlauf befindet;
Betreiben des zweiten Kompressors (16) durch
Folgendes:

Erfassen einer Motortemperatur des zwei-
ten Kompressors, wenn sich der zweite
Kompressor im Leerlauf befindet;
Bestimmen, ob die Motortemperatur unter-
halb einer unteren Temperaturschwelle
liegt;
Aktivieren eines Vorheizmodus, wenn die
Motortemperatur unterhalb der unteren
Temperaturschwelle liegt, indem dem Elek-
tromotor Strom zugeführt wird, um Wärme
zu erzeugen, während der zweite Kompres-
sor im Leerlauf bleibt; und
Abschalten des Vorheizmodus, wenn die
erfasste Motortemperatur oberhalb einer
oberen Temperaturschwelle liegt; und

Begrenzen der maximalen Dauer des Vorheiz-
modus auf einen Vorheizzeitraum, sodass der
Vorheizmodus abgeschaltet wird, nachdem er
für den Vorheizzeitraum aktiviert war.

2. Verfahren nach Anspruch 1 und ferner umfassend:
Aktivieren des zweiten Kompressors, wenn die
Motortemperatur oberhalb der unteren Temperatur-
schwelle liegt und nachdem der Vorheizmodus ab-
geschaltet wurde.

3. Verfahren nach Anspruch 1 oder 2, wobei die untere
Temperaturschwelle etwa 29,4 °C (85 °F) entspricht,
und wobei die obere Temperaturschwelle etwa 32,2
°C (90 °F) entspricht.

4. Verfahren nach Anspruch 1, 2 oder 3, wobei die
Motortemperatur durch das Erfassen eines Wider-
stands mit einem Thermistor (28, 30) erfasst wird.

5. Verfahren nach Anspruch 1, wobei der Vorheizzeit-
raum etwa 14 Minuten entspricht.

6. Verfahren nach einem der vorhergehenden Ansprü-
che und ferner umfassend:

Halten des zweiten Kompressorvorheizmodus
in einem abgeschalteten Zustand für einen Ver-
zögerungszeitraum; und
Reaktivieren des Vorheizmodus für den zweiten
Kompressor für den Vorheizzeitraum im An-
schluss an den Verzögerungszeitraum.

7. Verfahren nach Anspruch 6, wobei der Verzöge-
rungszeitraum etwa 30 Minuten entspricht.

8. Verfahren nach einem der vorhergehenden Ansprü-
che und ferner umfassend:
Starten des zweiten Kompressors zum Komprimie-
ren von Kühlmittel, nachdem der Vorheizmodus ab-
geschaltet wurde.

9 10 
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9. Dampfzyklussystem (10), umfassend:

einen ersten Kompressor (14), der einen Elek-
tromotor (14-1), einen Motortemperatursensor
(28) und eine Motorsteuerung (32) aufweist;
einen zweiten Kompressor (16), der einen Elek-
tromotor (16-1), einen Motortemperatursensor
(30) und eine Motorsteuerung (34) aufweist;
einen Kühlmittelkreislauf, wobei der erste Kom-
pressor und der zweite Kompressor in Fluid-
kommunikation mit dem Kühlmittelkreislauf pa-
rallelgeschaltet sind; und
ein Steuermodul (18), das mit der Motorsteue-
rung von jedem des ersten und zweiten Kom-
pressors wirkverbunden ist, wobei das Steuer-
modul konfiguriert ist, um den Motorsteuerun-
gen von jedem des ersten und zweiten Kom-
pressors zu befehlen, lediglich einen des ersten
und zweiten Kompressors zu betreiben, um
Kühlmittel zu komprimieren und den anderen,
im Leerlauf befindlichen des ersten und zweiten
Kompressors in einem Vorheizmodus zu betrei-
ben, wobei der Vorheizmodus aktiviert wird, um
mit dem Motor des im Leerlauf befindlichen des
ersten und zweiten Kompressors Wärme zu ei-
nem Vorheiztemperaturbereich zu erzeugen,
und wobei das Steuermodul ferner konfiguriert
ist, um eine Dauer des Vorheizmodus auf einen
Vorheizzeitraum zu begrenzen.

10. Dampfzyklussystem nach Anspruch 9, wobei der
Vorheiztemperaturbereich etwa 48,9 °C (120 °F) bis
etwa 54,4 °C (130 °F) entspricht.

11. Dampfzyklussystem nach Anspruch 9 oder 10, wo-
bei die Motortemperatursensoren von jedem des
ersten und zweiten Kompressors einem Thermistor
entsprechen.

12. Dampfzyklussystem nach Anspruch 9, 10 oder 11,
wobei das Steuermodul ferner konfiguriert ist, um
den Vorheizmodus des im Leerlauf befindlichen des
ersten und zweiten Kompressors für einen Verzöge-
rungszeitraum in einem abgeschalteten Zustand zu
halten und dann den Vorheizmodus für den im Leer-
lauf befindlichen des ersten und zweiten Kompres-
sors für den Vorheizzeitraum im Anschluss an den
Verzögerungszeitraum zu reaktivieren.

13. Dampfzyklussystem nach Anspruch 12, wobei der
Vorheizzeitraum etwa 14 Minuten entspricht, und
wobei der Verzögerungszeitraum etwa 30 Minuten
entspricht.

Revendications

1. Procédé de contrôle d’un système de cycle de va-

peur (10) ayant des premier et second compresseurs
(14, 16), dans lequel chacun des premier et second
compresseurs a un moteur électrique, le procédé
comprenant :

le fonctionnement du premier compresseur (14)
pour comprimer un fluide réfrigérant tandis que
le second compresseur (16) est inactif ;
le fonctionnement du second compresseur
(16) :

en détectant une température de moteur du
second compresseur lorsque le second
compresseur est inactif ;
en déterminant si la température de moteur
est en dessous d’un seuil de température
inférieur ;
en activant un mode de préchauffage lors-
que la température de moteur est en des-
sous du seuil de température inférieur en
fournissant du courant au moteur électrique
pour générer de la chaleur tandis que le se-
cond compresseur reste inactif ; et
en désactivant le mode de préchauffage
lorsque la température de moteur détectée
est au-dessus d’un seuil de température
supérieur ; et
en limitant la durée maximale du mode de
préchauffage à une période de préchauffa-
ge, de sorte que le mode de préchauffage
est désactivé après avoir été activé pendant
la période de préchauffage.

2. Procédé selon la revendication 1, et comprenant en
outre :
l’activation du second compresseur lorsque la tem-
pérature de moteur est au-dessus du seuil de tem-
pérature inférieur et après la désactivation du mode
de préchauffage.

3. Procédé selon la revendication 1 ou 2, dans lequel
le seuil de température inférieur est d’environ 29,4
°C (85 °F) et dans lequel le seuil de température
supérieur est d’environ 32,2 °C (90 °F).

4. Procédé selon la revendication 1, 2 ou 3, dans lequel
la température de moteur est détectée par la détec-
tion d’une résistance avec une thermistance (28, 30).

5. Procédé selon la revendication 1, dans lequel la pé-
riode de de préchauffage est d’environ 14 minutes.

6. Procédé selon une quelconque revendication pré-
cédente et comprenant en outre :

le maintien du mode de préchauffage du second
compresseur dans une condition d’arrêt pen-
dant une période d’attente ; et
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la réactivation du mode de préchauffage pour le
second compresseur pendant la période de pré-
chauffage suivant la période d’attente.

7. Procédé selon la revendication 6, dans lequel la pé-
riode d’attente est d’environ 30 minutes.

8. Procédé selon une quelconque revendication pré-
cédente et comprenant en outre :
le démarrage du second compresseur pour compri-
mer un fluide réfrigérant après la désactivation du
mode de préchauffage.

9. Système de cycle de vapeur (10) comprenant :

un premier compresseur (14) ayant un moteur
électrique (14-1), un capteur de température de
moteur (28) et un dispositif de commande de
moteur (32) ;
un second compresseur (16) ayant un moteur
électrique (16-1), un capteur de température de
moteur (30) et un dispositif de commande de
moteur (34) ;
un circuit réfrigérant, dans lequel le premier
compresseur et le second compresseur sont re-
liés en communication fluidique avec le circuit
réfrigérant en parallèle ; et
un module de contrôle (18) relié de manière opé-
rationnelle au dispositif de commande de mo-
teur de chacun des premier et second compres-
seurs, dans lequel le module de contrôle est
configuré pour ordonner aux dispositifs de com-
mande de moteur de chacun des premier et se-
cond compresseurs de faire fonctionner unique-
ment l’un des premier et second compresseurs
pour comprimer un fluide réfrigérant et de faire
fonctionner l’autre compresseur, le compres-
seur inactif des premier et second compres-
seurs dans un mode de préchauffage, dans le-
quel le mode de préchauffage est activé pour
générer de la chaleur avec le moteur du com-
presseur inactif des premier et second compres-
seurs dans une plage de température de pré-
chauffage, et dans lequel le module de contrôle
est en outre configuré pour limiter une durée du
mode de préchauffage à une période de pré-
chauffage.

10. Système de cycle de vapeur selon la revendication
9, dans lequel la plage de température de préchauf-
fage est comprise entre environ 48,9 °C (120 °F) et
environ 54,4 °C (130 °F).

11. Système de cycle de vapeur selon la revendication
9 ou 10, dans lequel les capteurs de température de
moteur de chacun des premier et second compres-
seurs sont une thermistance.

12. Système de cycle de vapeur selon la revendication
9, 10 ou 11, dans lequel le module de contrôle est
en outre configuré pour maintenir le mode de pré-
chauffage du compresseur inactif des premier et se-
cond compresseurs dans un état d’arrêt pendant une
période d’attente, puis réactiver le mode de pré-
chauffage pour le compresseur inactif des premier
et second compresseurs pendant la période de pré-
chauffage suivant la période d’attente.

13. Système de cycle de vapeur selon la revendication
12, dans lequel la période de préchauffage est d’en-
viron 14 minutes, et dans lequel la période d’attente
est d’environ 30 minutes.
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