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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 60/567,171, filed on April 30,
2004 and U.S. Utility Application No. 11/086,787, filed
on March 22, 2005. The disclosures of the above appli-
cation are incorporated herein by reference.

FIELD

[0002] The present teachings relate to generally to
compressor systems and, more specifically, to compres-
sor system architecture and control.

BACKGROUND

[0003] Compressors are used in a wide variety of in-
dustrial and residential applications to circulate refriger-
ant within a refrigeration or heat pump system to provide
a desired heating or cooling effect. Compressors are also
used to inflate or otherwise impart a fluid force on an
external object such as a tire, sprinkler system, or pneu-
matic tool. In any of the foregoing applications, it is de-
sirable that a compressor provide consistent and efficient
operation to ensure that the particular application (i.e.,
refrigeration system or pneumatic tool) functions proper-
ly. To that end, monitoring and controlling compressor
performance helps ensures reliable and efficient com-
pressor and system operation.
[0004] Scroll compressors are becoming more and
more popular for use in refrigeration and heat pump ap-
plications due primarily to their capability of extremely
efficient and consistent operation. Such compressors
typically incorporate a pair of intermeshed spiral wraps
that receive and compress a fluid. In operation, one of
the spiral wraps is caused to orbit relative to the other so
as to define one or more moving chambers, which pro-
gressively decrease in size as they travel from an outer
suction port toward a center discharge port. As the mov-
ing chambers decrease in size, the fluid disposed therein
becomes compressed prior to being expelled by the com-
pressor through the discharge port. Typically, one of the
scroll members is driven by an electrical motor disposed
within an outer shell of the scroll compressor and is con-
trolled by an external controller to regulate power to the
motor. The electric motor, in conjunction with the control-
ler, operates to drive the one scroll member via a suitable
drive shaft to compress the fluid between the individual
wraps upon demand.
[0005] Some scroll compressors are capable of adjust-
ing capacity in response to fluctuating demand and gen-
erally referred to as "variable capacity" or "variable
speed" scroll compressors. Variable capacity scroll com-
pressors are adjusted through manipulation of the in-
termeshed spiral wraps such that the relative position
between the individual wraps is varied and the volume

of fluid disposed generally between each wrap is in-
creased or decreased. Variable speed scroll compres-
sors achieve a similar end, but do so without adjusting
the relative position of the spiral wraps. The variable
speed scroll compressor monitors system and/or com-
pressor parameters and adjusts the speed of the electric
motor that drives the orbiting spiral wrap accordingly.
Such fluctuations in wrap speed affects the output of the
compressor, and thus, varies the overall capacity.
[0006] In either of the foregoing variable scroll com-
pressors, adjustment of the compressor capacity allows
a system controller, such as a refrigeration system con-
troller, to adjust the individual capacity of each scroll com-
pressor to optimize the efficiency of the multiple-com-
pressors rack system. For example, the controller is able
to reduce capacity on a compressor if demand is de-
creasing, and thus, is able to reduce the energy con-
sumed by the individual compressor. Such adjustments
effectively tailor energy consumption for each compres-
sor to only that which is minimally needed to run the sys-
tem. Because the energy consumption of each variable
scroll compressor may be varied, energy is regulated,
and the overall system efficiency is improved.
[0007] In conventional refrigeration systems, a rack of
scroll compressors may be grouped so as to function as
a single unit and may provide a cooling effect to a plurality
of refrigerators, refrigerator cases, or freezers. However,
most compressors in a conventional rack are Fixed and
their on/off cycling rate is limited by reliability require-
ments, thus reducing system efficiency. In any of the fore-
going applications, the compressor bank generally in-
cludes a variable scroll compressor and at least one other
fixed-capacity compressor. The capacity of the variable
compressor may be adjusted to increase the system ef-
ficiency, as previously discussed, while the fixed scroll
compressor includes a non-variable or fixed capacity.
[0008] A controller conventionally monitors the various
refrigerated cases and determines an appropriate load
for the system at a given time and sends a demand signal
to the compressor rack accordingly. The demand signal
instructs the variable compressor to operate at a partic-
ular output (i.e., one to one hundred percent of total ca-
pacity) and instructs the fixed compressor(s) to start up,
continue, or shut down, depending on the state of the
fixed scroll compressor at the time of instruction. While
such controllers adequately control compressor capaci-
ty, such systems are limited to control of each individual
scroll compressor and, therefore, are not capable of con-
trolling a series of compressors linked in a parallel rela-
tionship.
[0009] While the controller may adequately instruct the
variable compressor to function between zero and one
hundred percent total capacity, the controller can only
instruct the fixed controller to either start up or shut down,
and therefore may instruct the rack to produce a higher
capacity than required by the system. For example, if the
requisite capacity calls for nine tons and the available
compressors are a six ton variable scroll compressor,
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and two five ton fixed scroll compressors, the controller
will instruct the variable compressor to run at one hundred
percent and will instruct one of the fixed compressors to
start up initially. However, at this point, the variable com-
pressor is producing six tons and the fixed is producing
five tons for a total of eleven tons. Therefore, the combi-
nation of the variable compressor at one hundred percent
and the fixed compressor results in a two-ton overage,
and thus, a loss in efficiency.
[0010] While the controller will eventually scale the ca-
pacity of the variable compressor so that the total output
is nine tons, conventional controllers require sufficient
time for the variable compressor to be scaled back, and
therefore do not provide an optimum control algorithm.
Because conventional controllers communicate with
each compressor individually, overlap between com-
pressor capacity occurs, and system efficiency is re-
duced.
[0011] WO 96/34238 A1 discloses a compressor con-
trol system according to the pre-characterizing portion of
claim 1.

SUMMARY

[0012] According to the invention there is provided a
compressor control system according to claim 1.
[0013] Further areas of applicability of the present
teachings will become apparent from the detailed de-
scription provided hereinafter. It should be understood
that the detailed description and specific examples, while
indicating the preferred embodiment of the teachings,
are intended for purposes of illustration only and are not
intended to limit the scope of the teachings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present teachings will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:

FIG. 1 is a schematic of a refrigeration system in
accordance with the principles of the present teach-
ings;
FIG. 2 is schematic of the refrigeration system of
FIG. 1;
FIG. 3 is a schematic of another refrigeration system
according to the present teachings;
FIG. 4 is a schematic of the refrigeration system of
FIG. 3;
FIG. 5 is a block diagram of a controller according
to the present teachings;
FIG. 6 is a perspective view of a rooftop unit accord-
ing to the present teachings;
FIG. 7 is a schematic of a compressor control system
for use with the refrigeration systems of FIGS. 1 and
3;
FIG. 8 is a graphical representation of compressor
staging as a function of capacity and rising suction

pressure;
Fig. 9 is a schematic of a compressor control system
for use with the refrigeration systems of FIGS. 1 and
3;
FIG. 10 is a graphical representation of compressor
efficiency incorporating a variable scroll compressor
and a pair of fixed scroll compressors;
FIG. 11 is a graphical representation illustrating ca-
pacity steps versus load for a variable compressor
and a plurality of lower-capacity, fixed compressors;
and
FIG. 12 is a graphical representation illustrating ca-
pacity steps versus load for a variable compressor
and a plurality of equal-capacity, fixed compressors.

DETAILED DESCRIPTION

[0015] The following description is merely exemplary
in nature and is in no way intended to limit the teachings,
application, or uses.
[0016] With reference to the figures, a compressor con-
trol system 200 will be described in two exemplary refrig-
eration systems 10, 110. However, it should be noted
that the control system 200 of the present teachings could
be utilized to control one or more variable compressors
in a parallel relationship with at least one other fixed com-
pressor to maintain a suction pressure set point in any
other system.
[0017] Referring to FIG. 1, a detailed block diagram of
a refrigeration system 10 according to the present teach-
ings includes a plurality of compressors 12 piped together
in a compressor room 6 with a common suction manifold
14 and a discharge header 16 all positioned within a com-
pressor rack 18. The compressor rack 18 compresses
refrigerant vapor that is delivered to an outdoor condens-
er 20 where the refrigerant vapor is liquefied at high pres-
sure. This high-pressure liquid refrigerant is delivered to
a plurality of refrigeration cases 22 in a grocery store floor
space 8 by way of piping 24.
[0018] Each refrigeration case 22 is arranged in sep-
arate circuits 26 consisting of a plurality of refrigeration
cases 22 that operate within a similar temperature range.
FIG. 1 illustrates four (4) circuits 26 labeled circuit A, cir-
cuit B, circuit C, and circuit D. Each circuit 26 is shown
consisting of four (4) refrigeration cases 22. Those skilled
in the art, however, will recognize that any number of
circuits 26 within a refrigeration system 10, as well as
any number of refrigeration cases 22, may be employed
within a circuit 26. As indicated, each circuit 26 will gen-
erally operate within a certain temperature range. For
example, circuit A may be for frozen food, circuit B may
be for dairy, circuit C may be for meat, etc.
[0019] Because the temperature requirement is differ-
ent for each circuit 26, each circuit 26 includes a pressure
regulator 28, typically an electronic stepper regulator
(ESR) or valve, which acts to control the evaporator pres-
sure and, hence, the temperature of the refrigerated
space in the refrigeration cases 22. Preferably, each re-
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frigeration case 22 also includes its own evaporator and
its own expansion valve (neither shown), which may be
either a mechanical or an electronic valve for controlling
the superheat of the refrigerant. In this regard, refrigerant
is delivered by piping 24 to the evaporator in each refrig-
eration case 22.
[0020] The refrigerant passes through the expansion
valve where a pressure drop occurs to change the high-
pressure liquid refrigerant to a lower-pressure combina-
tion of liquid and vapor. As the warmer air from the re-
frigeration case 22 moves across the evaporator coil, the
low-pressure liquid turns into a gas. This low-pressure
gas is delivered to the pressure regulator 28 associated
with that particular circuit 26. At the pressure regulator
28, the pressure is dropped as the gas returns to the
compressor rack 18 through the common suction mani-
fold 14. At the compressor rack 18, the low-pressure gas
is compressed to a higher pressure and delivered to the
condenser 20, which again creates a high-pressure liquid
to start the refrigeration cycle over.
[0021] The arrangement for a cooling system, such as
the refrigeration system described above, positions the
compressor rack or multiple compressor racks at the rear
of a retail outlet, or perhaps in the basement or a rooftop
penthouse. In each scenario, the system requires suction
and liquid piping throughout a store or building to feed
refrigeration display cases, coolers and/or air condition-
ing systems. As best illustrated in FIG. 2, liquid and suc-
tion piping for each compressor rack A-E must be piped
to the associated cases in its circuit (as indicated by
cross-hatching). The system further includes a condens-
er, which is typically positioned outside the retail outlet
and similarly requires piping to feed the refrigeration cas-
es, coolers and/or air conditioning systems.
[0022] With reference to FIG. 1, communication and
control wiring for each refrigeration case 22, pressure
regulator 28, and sensors 36, 40 are supplied to an an-
alog input board 50 or are received from an input/output
board 32 or a driver board, such as ESR board 38, to
optimize cooling system performance. For example, to
control the various functions of the refrigeration system
10, a main refrigeration controller 30 controls the opera-
tion of each pressure regulator (ESR) 28, as well as the
suction pressure set point for the entire compressor rack
18. A separate case controller may be used to control
the superheat of the refrigerant to each refrigeration case
22 through an electronic expansion valve in each refrig-
eration case 22 by way of a communication network or
bus.
[0023] Further, in order to monitor the suction pressure
for the compressor rack 18, a pressure transducer 40 is
preferably positioned at the input of the compressor rack
18 or just past the pressure regulators 28. The pressure
transducer 40 delivers an analog signal to an analog input
board 50, which measures the analog signal and delivers
this information to the main refrigeration controller 30,
via the communication bus 34. Also, to vary the openings
in each pressure regulator 28, the electronic stepper reg-

ulator (ESR) board 38 drives up to eight (8) electronic
stepper regulators 28. The ESR board 38 includes eight
(8) drivers capable of driving the stepper valves 28, via
control from the main refrigeration controller 30.
[0024] With reference again to FIG. 1, the suction pres-
sure at the compressor rack 18 is dependent on the tem-
perature requirement for each circuit 26. For example,
assume circuit A operates at ten degrees F, circuit B op-
erates at 15 degrees F, circuit C operates at twenty de-
grees F, and circuit D operates at 25 degrees F. The
suction pressure at the compressor rack 18, which is
sensed through the pressure transducer 40, requires a
suction pressure set point based on the lowest temper-
ature requirement for all the circuits 26, which, for this
example, is circuit A, or the lead circuit. Therefore, the
suction pressure at the compressor rack 18 is set to
achieve a 10 degrees F operating temperature for circuit
A, which is able to operate most efficiently with a nearly
one hundred percent open pressure regulator 28. Be-
cause each circuit 26 is operating at a different temper-
ature, however, the pressure regulators 28 in circuits B,
C and D are closed a certain percentage for each circuit
26 to control the corresponding temperature for that par-
ticular circuit 26. To raise the temperature to 15 degrees
F for circuit B, the stepper regulator valve 28 in circuit B
is closed slightly, the valve 28 in circuit C is closed further,
and the valve 28 in circuit D is closed even further pro-
viding for the various required temperatures.
[0025] Referring to FIG. 3, another refrigeration sys-
tem 110 according to the present teachings includes a
plurality of rooftop units 100A-D, each piped to a respec-
tive refrigeration circuit 126A-D. Refrigeration system
110 is preferably of the type disclosed in assignee’s com-
monly-owned U.S. Pat. Application No. 60/553,056, filed
on March 15, 2004, the disclosure of which is incorpo-
rated herein by reference.
[0026] Each rooftop unit 100 includes a plurality of
compressors 112, a condensing unit 120 and a controller
132, collectively mounted to or on a housing for the
rooftop unit 100. The compressors 112 are piped togeth-
er with a common suction manifold 114 and a discharge
header 116 to provide compressed refrigerant to the con-
densing unit 120, where the refrigerant vapor is liquefied
at high pressure. Piping 124 for each refrigeration circuit
126A-D delivers the high pressure liquid refrigerant to a
plurality of refrigeration cases in a retail outlet floor space
108. The rooftop units 100 are disposed on a rooftop
space 106.
[0027] Each refrigeration case 122 is arranged in sep-
arate circuits 126 including a plurality of refrigeration cas-
es 122 operating within a similar temperature range and
connected by piping 124 to a respective rooftop unit 100.
FIG. 3 illustrates four circuits 126 labeled circuit 126A,
circuit 126B, circuit 126C and circuit 126D. Each circuit
126 is shown to include four refrigeration cases 122, but
those skilled in the art will recognize that refrigeration
system 110 may include any number of circuits 126, and
each circuit 126 may include any number of refrigeration
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cases 122. Each circuit 126 will generally operate within
a certain temperature range. For example, circuit 126A
may be for frozen food, circuit 126B may be for dairy,
circuit 126C may be for meat, etc. Because the temper-
ature requirement is different for each circuit 126, each
is independently piped to a rooftop unit 100 via piping
124. For example, circuit 126A is plumbed to rooftop unit
100A, likewise for circuit 126B and rooftop unit 100B, etc.
[0028] By distributing the capacity to deliver high-pres-
sure liquid refrigerant, and independently piping each cir-
cuit 126 to operate within a certain temperature range,
certain efficiencies are gained and expenses avoided.
For example, there is no need for a pressure regulator
28 to control the evaporator pressure and, hence, the
temperature of the refrigerated space in the refrigeration
cases 22 for a conventionally arranged refrigeration cir-
cuit 26. Further, due to the distributed arrangement of
the rooftop units 100, the condensing units 120 are in-
stalled integrally with the compressors 112 in the rooftop
unit 100, thereby ensuring piping and wiring to factory
specifications.
[0029] The distributed arrangement of a single refrig-
eration circuit 126 per rooftop unit 100 provides the same
capacity control of parallel compressor operation that the
central plant architecture provides, but does so with sig-
nificantly reduced piping and refrigerant requirements
and much higher efficiency due to elimination of ESR and
use of shorter lines (less pressure drop). The distributed
arrangement also reduces the initial construction costs
to the retail outlet owner, as well as shortened construc-
tion due to the simplified arrangement. Over the life of
the system, it reduces energy consumption and refriger-
ation quantity.
[0030] As illustrated in FIG. 4, by distributing compres-
sor capacity via the rooftop units 100, shorter runs of
piping and wiring are required as the rooftop units 100
are disposed on the retail outlet roof at a convenient lo-
cation near where the refrigeration circuits 126 are dis-
posed within the retail outlet. Further, this rooftop ar-
rangement of multiple smaller rooftop units 100 saves
cost over the central plant approach, which often requires
a large central penthouse weighing upwards of 40,000
to 50,000 pounds and requiring extensive steel structure
to support the weight, or requires significant space within
the retail outlet and extensive field piping to condensers
mounted on raised steel platforms on the roof of the retail
outlet. By comparison, the rooftop units 100 with integrat-
ed compressor 112, condenser 120 and controllers 132,
weigh approximately 1,000 to 3,000 pounds, which, once
optimally located, will not require additional structure and
typically require only increasing girder beam and joist
size. Compared to the total additional structural cost of
approximately $25,000 per unit for a penthouse for a cen-
tral plant approach, the additional structural cost of the
distributed approach is approximately $700 per unit.
[0031] The efficiencies gained by the distributed archi-
tecture begin with the construction, which can be accom-
plished in a shorter period of time as the condensers 120

are piped and wired at a manufacturing facility and the
rooftop units 100 are disposed proximate the refrigeration
circuits 126 they serve. This arrangement not only short-
ens installation time, but reduces the labor costs associ-
ated with the piping installation. Further, the cost of the
piping (particularly as the cost of copper piping has in-
creased over recent years), hangers and insulation de-
creases as less is required for the shorter runs between
the rooftop units 100 and the refrigeration circuits 126.
Further, because of the shorter runs, there is a lower
refrigerant requirement, helping retail outlet owners meet
increasingly stringent environmental protection stand-
ards. In terms of operating efficiency, reduced suction
line pressure loss and greater energy efficiency is
achieved as a direct result of the shorter pipe runs and
targeted operating temperature provided by the arrange-
ment of the rooftop unit 100 for each refrigeration circuit
126.
[0032] As with a conventional system, high-pressure
liquid refrigerant is delivered to each refrigeration case
122 within its respective refrigeration circuit 126. The re-
frigeration case 122 includes an evaporator (not shown)
and expansion valve (not shown), which may either be
a mechanical or electronic valve for controlling the su-
perheat of the refrigerant. Refrigerant is delivered by pip-
ing 124 to the evaporator in each refrigeration case 122
where the refrigerant passes through the expansion
valve, and drops in pressure to change the high pressure
liquid refrigerant to a lower pressure combination of liquid
and vapor. As the warmer air from the refrigeration case
122 moves across the evaporator coil, the low-pressure
liquid returns to a gas, which is delivered to the common
suction manifold 114 for the compressors 112 within the
rooftop unit 100. As before, the compressors 112 com-
press the low pressure gas to a higher pressure and de-
liver the high-pressure gas to the condenser 120, which
again creates a high-pressure liquid to begin the refrig-
eration cycle again.
[0033] The controller 132 of the rooftop unit 100 in-
cludes an input/output board 134, a microprocessor 136,
memory 138, and a communication port 140, as best
shown in FIG. 5. The controller 132 is mounted on the
outer housing of the rooftop unit 100, as best shown in
FIG. 6. The controller 132 controls compressor capacity
and also a variable speed fan of the condensing unit 120
and communicates through communication bus 134 via
the communication port 140.
[0034] The refrigeration system 110 further includes a
refrigeration controller 130, which is in communication
with the controllers 132 of the various rooftop units 100.
Preferably, the refrigeration controller 130 is an Einstein
area controller offered by CPC, Inc., of Atlanta, Georgia,
or any other type of controller that may be programmed.
[0035] In one variation of the teachings, the rooftop
unit controllers 132 may include operating algorithms
stored in memory 138 for compressor capacity and con-
denser fan control, which programs are executed by the
processor 136, as will be described below. The controller
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132 then communicates operating status and measured
parameter data to the main refrigeration controller 130
via communication port 140, which may be connected to
communication bus 134, as will be described further be-
low. Such communication is typically wired, but may more
efficiently be accomplished using a wireless communi-
cation protocol.
[0036] For wireless communication, each rooftop unit
controller 132 may include a transceiver 142 (as shown
in FIG. 5) for transmitting and receiving wireless signals.
The main refrigeration controller 130 similarly may in-
clude a transceiver 144 for transmitting and receiving sig-
nals. Each transceiver 142, 144 may include a transmitter
and receiver capable of receiving and sending radio fre-
quency (RF) parametric data. Further, each transceiver
142, 144 may include a signal conditioning circuit. The
transceiver may be a stand-alone device positioned in-
dependently of the rooftop unit controller 132 or refriger-
ation controller 130. Further, the refrigeration system
110, depending on distance and the communication en-
vironment, may require one or more RF repeaters 146
to overcome a limited transmission range. In this case,
each repeater 146 acts as a bridge between the trans-
ceiver 142 of the controller 132 and the transceiver 144
of the main refrigeration controller 130.
[0037] The controller 132 controls rooftop unit 100
based on set points established within the refrigeration
controller 130. Because the controller 132 is configured
with a RAM chip, microprocessor, and flash memory, it
performs all control functions even when communication
to the refrigeration controller 130 is lost. Furthermore,
this same configuration allows the controller 132 to down-
load the most recent control set points to the refrigeration
controller 130 after communication is re-established.
Similar to the refrigeration controller 130, the controller
132 has various memory chips that are pre-programmed
with default set points. The controller 132 is capable of
operating the associated rooftop unit 100 as soon as the
controller 132 has been wired to the rooftop unit 100 and
is receiving input data. Set points may also be altered at
any time from a hand-held terminal and are valid until a
connection between the controller 132 and the refriger-
ation controller 130 is made. The controller 132 monitors
input data from sensors connected directly to it, and re-
ceives additional input data routed to the refrigeration
controller 130 from sensors connected to other control-
lers or input boards.
[0038] Each rooftop unit 100 includes one or more
compressors 112 depending on the required capacity for
the refrigeration circuit 126 to which it is piped. Further,
each rooftop unit 100 includes at least one variable ca-
pacity compressor 112’. Thus, if the rooftop unit 100 in-
cludes a single compressor 112, it is a variable capacity
compressor 112’. Where the rooftop unit 100 includes
two, three, four or more compressors 112, at least one
of the compressors 112 is a variable capacity compressor
112’.
[0039] Variable capacity compressors 112’, such as

that disclosed in U.S. Patent Nos. 6,120,255; 6,213,731;
and U.S. Patent Application Serial No. 10/619,767, each
of which is expressly incorporated herein by reference,
allow efficient and accurate matching of compressor out-
put to required circuit capacity.
[0040] The controller 132 uses a pressure measure-
ment from a transducer 150 on the suction side of the
compressor 112 to compare to a user defined set point.
Through a PID comparison of the pressure measurement
and the set point, the controller 132 selects compressor
staging, as will be described further below.
[0041] The controller 132 also controls fan speed for
condensing unit 120 for scheduling, logging, and moni-
toring. The controller 132 supports three basic cooling
strategies: (1) air cooling; (2) evaporation; and (3) tem-
perature difference. For each of these strategies, the con-
troller 132 uses PID control to a user-defined set point
to control operation of the fan.
[0042] For air cooling, multiple fans 160 may be used,
in which case they are sequenced based on the cooling
required. The sequence can be controlled to equalize run
time among the several fans 160. The amount of cooling
necessary is determined by comparing the pressure on
the discharge side (as measured by transducer 152) of
the compressor and the user-defined set point. A variable
speed fan 160’ may be used, and the controller 132 sets
the speed of the fan 160’ based on the same comparison.
Also, a two-speed fan 160" can be used, in which case
the controller 132 selects the speed based on the cooling
required, as derived from the same comparison.
[0043] For evaporative cooling of the condensing unit
120, the controller 132 operates a water valve (not
shown) based on the required cooling of a condensing
unit 120. Further, the controller 132 operates a fan 160
for evaporation of the cooling water over the condenser
coils, and may be further fitted with a damper (no shown),
whose opening is varied by the controller 132. Again, to
determine the amount of cooling required, a compressor
discharge pressure measurement from transducer 152
is compared to a user-defined set point.
[0044] For the temperature difference strategy for con-
densing unit 120, the controller 132 takes the difference
between an ambient temperature measurement from
ambient temperature sensor 154 and a discharge pres-
sure measurement from transducer 152. The difference
is converted to temperature. While the temperatures be-
ing compared are different for this approach, cooling is
typically air-cooling but could alternatively be evapora-
tive.
[0045] With reference to FIG. 6, the rooftop unit 100
includes a housing lens 170 divided into a condensing
unit cabinet 172, a compressor cabinet 174, and an elec-
tronic cabinet 176. The condensing unit cabinet 172
houses the condensing unit 120 and condenser fans 160.
The compressor cabinet 174 houses one or more com-
pressors 112, 112’, as well as the section manifold 114
and discharge header 116. The electronic cabinet 176
encloses the controller 132 in an enclosure accessible
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from the exterior of the housing 170. At least one of the
compressors 112 may be a variable compressor 112’.
Further, while a pair of condenser fans 160 are shown,
one or more condenser fans 160 may be provided, and
condenser fans 160 may be variable speed condenser
fans 160’ or two-speed condenser fans 160".
[0046] With particular reference to FIGS. 7-12, com-
pressor control system 200 will be described in detail.
The compressor control system 200 may be used with
either of the foregoing refrigeration systems 10, 110, but
will be described in association with refrigeration system
110 hereinafter.
[0047] The compressor control system 200 includes
the controller 132 and an integrated digital control module
(IDCM) 202. The controller 132 and IDCM 202 cooperate
to control the fixed compressors 112 based on the ca-
pacity of the variable or digital compressors 112’.
[0048] FIG. 7 depicts the IDCM 202 in communication
with the controller 132 and a variable scroll compressor
112’. The controller 132 receives a set point from an ex-
ternal source such as a thermostat in a refrigerated dis-
play case 122, indicating that the case 122 is either above
or below a predetermined temperature. As can be ap-
preciated, if the case 122 is outside of a predetermined
temperature range, the compressors 112, 112’ are re-
quired to either increase capacity or decrease capacity
in an effort to increase or reduce a supply of refrigerant
to the case 122.
[0049] The controller 132 incorporates processing cir-
cuitry using PID (Proportional-Integral-Derivative) or oth-
er "fuzzy logic" to determine the run percentage of the
variable compressor 112’ (i.e., between zero percent and
one hundred percent total capacity) in response to the
received set point, whereby the PID output is a capacity
percentage needed to achieve the set point. Such PID
or "fuzzy logic" is preferably of the type disclosed in as-
signee’s commonly-owned U.S. Pat. No. 6,601,397, the
disclosure of which is incorporated herein by reference.
While PID and "fuzzy logic" are disclosed, it should be
understood that any mathematical analog capable of cal-
culating an error between the set point and the control
value (i.e., run percentage of the variable compressor
112’) to thereby change the capacity of the variable com-
pressor 112’ to reach the set point, is anticipated, and
should be considered as part of the present teachings.
[0050] In addition to using the set point in determining
run percentage for the variable compressor 112’, the con-
troller 132 also receives the current operating condition
(i.e., percentage of total capacity used) of the variable
compressor 112’ from the IDCM 202. The IDCM 202
monitors the suction pressure of the variable compressor
112’ to determine the operating condition of the variable
compressor 112’ to ensure the compressor 112’ is capa-
ble of increasing capacity. The IDCM 202 essentially in-
terprets a signal from the variable compressor 112’ and
outputs a pulse indicative of the compressor run percent-
age back to the controller 132. While the IDCM 202 is
described as a separate module, the system 200 may

alternatively incorporate the function of IDCM 202 directly
into the controller 132 to thereby simplify the system 200.
[0051] The IDCM 202 monitors the variable compres-
sor 112’ for a predetermined period of time to ensure that
the readings are accurate and indicative of true compres-
sor operating conditions. The variable compressor 112’
does not have a consistent suction pressure during op-
eration due to the fluctuating needs of the refrigeration
system. Therefore, taking the suction pressure reading
over a period of time provides the controller 132 with an
average suction pressure for the variable compressor
112’ and, in most cases, a more reliable indicia of com-
pressor performance.
[0052] For example, FIG. 7 depicts a control loop hav-
ing a feedback cycle of approximately twenty seconds.
This means that the IDCM 202 monitors suction pressure
of the variable compressor 112’ and returns an average
suction pressure value to the controller 132 every twenty
seconds. Once the controller 132 receives the operating
condition (i.e., average suction pressure) of the variable
compressor 112’, the controller 132 analyzes the run per-
centage of the compressor 112’ in light of the set point
or demand. It should be understood that while the control
loop has been described as being twenty seconds in du-
ration, that the control loop may be adjusted for the par-
ticular application and may even take an instantaneous
reading of compressor suction pressure. In such as sit-
uation, the IDCM 202 continually feeds compressor run
percentage data back to the controller 132 for continual
analysis.
[0053] Once the controller 132 receives the updated
variable compressor data from the IDCM 202, the con-
troller 132 compares the average run percentage of the
variable controller against the requisite set point. If the
run percentage is deficient such that an increase in ca-
pacity is required, the controller 132 increases the ca-
pacity of the variable scroll compressor 112’ to ensure
that the set point can be met. If, for example, the set point
required cannot be accommodated by the variable com-
pressor 112’ alone, the controller will initiate one of the
fixed compressors 112 to take up the slack.
[0054] When the load is increasing, and the PID reach-
es one hundred percent capacity for the variable com-
pressor 112’, the smallest fixed compressor 112 will be
initiated to provide the additional capacity. As shown in
FIG. 8, the relationship between operation of the variable
compressor 112’ at one hundred percent capacity and
the initiation of the fixed compressor 112 is generally lin-
ear. In this manner, as suction pressure is rising, demand
is increasing, and therefore, capacity must be increased.
[0055] For example, if the variable scroll compressor
112’ for a particular rack 18 is a six horsepower compres-
sor and there are additionally two fixed compressors 112
at four horsepower and five horsepower, respectively,
the total capacity for the rack 18 is 15 horsepower (i.e.,
the sum of the variable and fixed compressor capacities).
Therefore, if the demand is less than six horsepower, the
variable scroll compressor 112’ will be the only compres-
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sor running. However, if the demand exceeds six horse-
power, the lowest fixed compressor 112 will be initiated
by the controller 132. It should be noted that the deter-
mination to initiate a fixed compressor 112, for use in
conjunction with the variable compressor 112’, is deter-
mined based on the run percentage of the variable scroll
compressor 112’ over a predetermined time, as previ-
ously discussed.
[0056] If the demand required by the refrigeration sys-
tem 10, 110 is seven horsepower, the controller 132 will
initiate the four horsepower fixed compressor 112 to pro-
vide the additional capacity. The controller 132 will initiate
the fixed compressor 112 based on the variable com-
pressor 112’ running at one hundred percent capacity for
a predetermined amount of time. At this point, if the var-
iable compressor 112’ is running at one hundred percent
capacity, and the fixed compressor is at four horsepower,
a total capacity of ten horsepower is provided. Therefore,
the ten horsepower provided exceeds the requisite de-
mand of seven horsepower by three horsepower.
[0057] The additional three horsepower capacity con-
tributes to system inefficiency as more energy is used
than is required by the demand. Therefore, once the con-
troller 132 determines that the variable compressor 112’
is running at one hundred percent capacity for a prede-
termined time, the PID will adjust the run percentage of
the variable compressor 112’ to a lower value based on
the size of the compressor and the demand prior to ini-
tiating the four horsepower fixed compressor 112. The
fixed compressor 112 is not initiated until the run per-
centage of the variable compressor 112’ is reduced.
[0058] Because variable speed compressors 112’ may
be controlled to provide only a percentage of their horse-
power, they can be used to fine tune capacity when com-
bined with fixed compressors to find the closest match
for the desired percentage. Fixed compressors 112, how-
ever, are treated as digital switches. When the compres-
sor 112 is staged on, the output is set to high. Therefore,
the fixed compressors 112 are only able to run at one
hundred percent or at zero percent (i.e., shutdown). For
this reason, the fixed compressor 112 in the above ex-
ample will provide four horsepower upon initiation. There-
fore, the reduction in run percentage of the variable com-
pressor 112’ prior to initiating the fixed compressor 112
will result in a total capacity provided equaling seven
horsepower.
[0059] Because the run percentage of the variable
compressor 112’ controls fixed-compressor initiation, the
controller 132 is able to initiate the fixed compressor 112
at the exact time the variable compressor 112’ is suffi-
ciently reduced. In the above example, if the reduced run
percentage requires the variable six horsepower com-
pressor 112’ to run at fifty percent capacity (i.e., three
horsepower), and it takes a few seconds for the fixed
compressor 112 to reach an output of four horsepower,
the controller 132 can initiate the fixed compressor 112
prior to the variable compressor reaching fifty percent
capacity. Therefore, when the variable compressor 112

reaches fifty percent capacity, the fixed compressor 112
is at one hundred percent capacity and providing four
horsepower of performance. Therefore, the respective
refrigeration system 10, 110 receives a compressor ca-
pacity of seven horsepower exactly matching demand,
and the overall efficiency of the system is optimized.
[0060] The six horsepower variable compressor 112’
will continue to run at the fifty percent reduced capacity
until the controller 132 updates the run percentage via
the PID or "fuzzy logic" algorithm. The controller 132
modulates the variable compressor 112’ between ten
percent and one hundred percent to match capacity load
while the fixed four horsepower compressor 112 contin-
ues to run. However, once the variable compressor 112’
falls to ten percent capacity for twenty seconds, the con-
troller 132 will shut down the fixed compressor 112 and
the PID will increase the run percentage of the variable
compressor 112’ accordingly. It should be noted that the
time of twenty seconds is an adjustable parameter, and
may be increased or reduced, based on the particular
system 10, 110.
[0061] As with the addition of a fixed compressor 112,
the controller 132 is similarly able to shutdown a fixed
compressor 112 and ramp up the run percentage of the
variable compressor 112’ without disrupting the system
10, 110. For example, if the variable compressor 112’ is
running at ten percent capacity (for a predetermined
time), the controller 132 will instruct the compressor 112’
to ramp up, as the fixed compressor 112 is shutdown.
The ramping of the variable compressor 112’ accommo-
dates for the reduction in capacity provided by the fixed
compressor 112 and can be orchestrated to reach a de-
sired capacity percentage just as the fixed compressor
112 reaches zero percent capacity.
[0062] For example, if the demand is reduced to three
horsepower, the variable six horsepower compressor
112’ will run at ten percent capacity and indicate to the
controller 132 that the four horsepower fixed compressor
112 should be shutdown. The controller 132, using PID
or "fuzzy logic" will instruct the variable compressor 112’
to increase run percentage to fifty percent (i.e., three
horsepower) and will instruct the fixed compressor 112
to shut down such that the variable compressor 112’
reaches the fifty percent capacity mark just as the fixed
compressor 112 reaches zero percent capacity. There-
fore, the respective refrigeration system 10, 110 receives
a compressor capacity exactly matching demand, and
the overall efficiency of the system is optimized.
[0063] It should be noted that the same sequence
would apply to each additional compressor added. For
example, if the demand required exceeded ten horse-
power, the third (next-larger) fixed five horsepower com-
pressor 112 would be initiated and the PID would regulate
the run percentage of the variable compressor 112’ ac-
cordingly, as previously discussed. The third fixed com-
pressor 112 is only initiated, therefore, when the four
horsepower fixed compressor 112 is running and the var-
iable compressor 112’ is at one hundred percent capacity
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for a predetermined time. At this point, the controller 132
initiates the additional fixed compressor 112 to provide
the requisite capacity to the system 10, 110. While a three
compressor system is disclosed, it should be understood
that the control system 200 of the present teachings could
be used in a system having a variable compressor 112’
and a plurality of fixed compressors 112 in a parallel re-
lationship.
[0064] With particular reference to FIGS. 9-10, a ge-
neric control scheme is provided for use with the refrig-
eration systems 10, 110. In the example, a variable ca-
pacity scroll compressor 112’ is schematically shown in
a parallel relationship with two fixed scroll compressors
112. The variable compressor 112’ includes a higher ca-
pacity than either of the fixed compressors 112 so that
the variable compressor 112’ is able to handle the ca-
pacity requirements when additional fixed compressors
112 are added or removed (i.e., during transitions), as
illustrated in Figure 11. While a fixed scroll compressor
112 is disclosed, it should be understood that the fixed
compressors 112 may alternatively be fixed-reciprocat-
ing compressors, and should be considered as part of
the present teachings. The reciprocating compressors
112 may provide additional capacity by incorporating a
blocked-suction unloader that selectively adjusts the ca-
pacity of the compressor 112. Specifically, the blocked-
suction unloader allows the compressor 112 to run at two
different capacities, and therefore, one reciprocating
compressor, incorporating a blocked-suction unloader,
is generally equivalent to having two additional fixed com-
pressors 112.
[0065] As shown in FIG. 9, the controller 132 receives
instantaneous suction pressure data from the variable
compressor 112’ as well as system parameters such as
refrigerated case temperature. The inputs to the control-
ler from the variable compressor 112’ and the respective
refrigeration systems 10, 110 are used by the controller
132 to determine a set point suction pressure for the var-
iable compressor 112’. Specifically, the controller 132
uses PID or "fuzzy logic" to determine a run percentage
for the variable compressor 112’ based on the system
demand and current run percentage of the variable com-
pressor 112’. It should be noted that while the refrigerated
case temperature is disclosed as being an input to the
controller 132, that other system operating conditions,
such as refrigerant flow or air flow sensors, indicative of
system operating conditions, are anticipated, and should
be considered as part of the present teachings.
[0066] Once the new run percentage is determined by
the controller 132, the control algorithm will modulate
(PWM) the variable compressor 112’ from ten percent to
one hundred percent within a user defined time, as best
shown in FIG. 9. The PWM is input into the variable com-
pressor 112’ to manipulate an unloader and set the rel-
ative position between the scrolls of the compressor 112’
to thereby set the capacity of the compressor 112’ as
required. At this point, the relative position between the
scrolls of the variable compressor 112’ remain set relative

to one another until the control module 132 receives run
percentage data from the variable compressor 112’ and
recalculates the run percentage in light of the input or
demand.
[0067] The control module receives either instantane-
ous suction pressure data from the variable compressor
112’ or may receive "filtered" suction pressure data. As
shown in FIG. 9, the input to the controller 132 may be
alternatively linked to a filtered suction pressure reading.
The filtered suction pressure reading allows the controller
132 to receive an average of suction pressure for the
variable compressor 112’ over a user-defined time. The
suction pressure, or average suction pressure for a fil-
tered arrangement, is compared to system demand by
the controller 132 to determine a run percentage for the
variable compressor 112’ and whether to initiate the fixed
compressors 112. Therefore, the run percentage of the
variable compressor 112’ essentially controls operation
of the fixed compressors 112.
[0068] At this point, the variable compressor 112’ runs
at the run percentage prescribed by the controller 132
based on current system conditions and current run per-
centage of the compressor 112’. However, when the sys-
tem requires additional capacity, the variable compres-
sor 112’ will increase its run percentage (i.e., between
ten percent and one hundred percent total capacity) in
response to additional demand. Once the variable com-
pressor 112’ runs at one hundred percent capacity for a
predetermined time, the controller 132 will instruct a fixed
compressor 112 to initiate and will concurrently reduce
the run percentage of the variable compressor 112’.
[0069] In initiating the fixed compressor(s) 112, the
controller 132 will first determine the sizes of the respec-
tive fixed compressors 112 so that the smallest of the
group may be initiated first. As can be appreciated, the
controller 132 attempts to maximize the efficiency of the
system 10, 110 and therefore only wants to initiate an
appropriately-sized compressor 112. In most cases, the
additional capacity required is relatively small and there-
fore, the controller 132 searches for the smallest-capacity
compressor 112 to initiate. However, in some instances,
the controller 132 will initiate the larger of the fixed com-
pressors 112 when a significant increase in capacity is
required by the system (i.e., such as following a defrost
cycle or following a pull-down mode).
[0070] If the compressors are "even" such that each
fixed compressor 112 is essentially the same, the con-
troller 132 may select either of the fixed compressors 112
for use with the variable compressor 112’ as illustrated
in Figure 12. However, if the fixed compressors 112 carry
varying capacities, such that the compressors 112 are
"uneven," the controller 132 will choose the smallest-rat-
ed compressor of the group, as previously discussed.
[0071] Once the fixed compressor 112 is chosen, the
fixed compressor 112 is delayed slightly from initiation
to allow the variable compressor 112’ to reduce its ca-
pacity from one hundred percent to a lesser amount. As
previously discussed, the amount the variable compres-
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sor 112’ is reduced is largely based on the system de-
mand and the size and capacity of the fixed compressor
112 to be initiated. Because the fixed compressor 112
includes a fixed capacity and can only run at one hundred
percent capacity, the variable compressor 112’ must
make up for a deficiency between a desired demand and
the output of the fixed compressor 112. For example, if
the fixed compressor 112 is a four horsepower compres-
sor and the demand calls for seven horsepower, a six
horsepower variable compressor 112’ will run at fifty per-
cent total capacity to make up for the deficiency in ca-
pacity between the fixed compressor 112 and the requi-
site demand.
[0072] The delay associated with initiation of the fixed
compressor 112 is instituted to allow time for the variable
compressor 112’ to come down from one hundred per-
cent capacity operation to fifty percent capacity opera-
tion. The goal of the controller 132 is to initiate the fixed
compressor 112 such that the fixed compressor 112 is
operating at one hundred percent capacity just as the
variable compressor 112’ reaches fifty percent capacity.
At this point, system efficiency and compressor capacity
are optimized.
[0073] The run percentage of the variable compressor
112’ is fed back to the controller 132 for comparison to
system demand. The controller 132 uses PID or "fuzzy
logic" to continually update the run percentage of the var-
iable compressor 112’ in light of the requisite demand. If
the variable compressor 112’ has run at one hundred
percent capacity for a predetermined amount of time, the
controller 132 will initiate a fixed compressor 112, as pre-
viously discussed. However, if the variable compressor
112’ has run at ten percent capacity for a predetermined
amount of time, the controller 132 will shutdown the fixed
compressor 112 to adjust the overall capacity of the sys-
tem.
[0074] The fixed compressor 112 is shutdown while
the variable compressor 112’ is ramped up. Because the
variable compressor 112’ takes some time to ramp up to
a higher capacity, the fixed compressor 112 is not shut-
down until the variable compressor 112’ increases ca-
pacity. In other words, the shutdown of the fixed com-
pressor 112 is delayed such that the fixed compressor
112 reaches zero percent capacity as the variable com-
pressor 112’ reaches a desired run percentage.
[0075] For example, if the demand is three horsepower
and a six horsepower variable compressor 112’ is at ten
percent and a four horsepower fixed compressor is at
one hundred percent, the controller 132 will increase the
percentage of the variable compressor to fifty percent
and will shut down the fixed compressor such that the
provided capacity meets demand. Again, the shutdown
of the fixed compressor 112 is delayed such that the fixed
compressor 112 reaches zero percent capacity as the
variable compressor 112’ reaches a desired run percent-
age. At this point, system efficiency and compressor ca-
pacity are optimized.
[0076] A vapor injection system may be used with any

of the foregoing compressors 112, 112’ as a further con-
trol for optimizing compressor efficiency. The vapor in-
jection system utilizes vaporized refrigerant at a substan-
tially higher pressure to allow each compressor to com-
press this pressurized refrigerant to its normal output
pressure while passing it through only a portion of the
compressor 112, 112’. Therefore, the vapor injection sys-
tem improves the capacity of each individual compressor
112, 112’ and is preferably of the type disclosed in as-
signee’s commonly-owned U.S. Pat. Application No.
60/528,157, filed on December 9, 2003, the disclosure
of which is incorporated herein by reference..
[0077] The compressor control system 200 may use a
vapor injection system to improve the capacity of each
compressor 112, 112’ prior to initiation of a fixed com-
pressor 112 or an increase in run percentage for a vari-
able compressor 112’. For example, if a variable com-
pressor 112’ is at one hundred percent capacity for a
predetermined amount of time, the controller 132 will
have the option of initiating a fixed compressor 112 to
provide additional capacity, or may be able to simply in-
itiate a vapor injection system. The vapor injection sys-
tem may provide just enough additional capacity to the
variable compressor 112’ (via an increase in compressor
efficiency) and may obviate the need to initiate a fixed
compressor 112.
[0078] With reference to FIG. 10, a table showing ex-
perimental data is provided. The table reflects the ability
of the compressor control system 200 to optimize system
efficiency by controlling fixed compressors 112 based on
the run percentage of a variable compressor 112’. The
table illustrates the efficiencies gained by modulating the
variable compressor 112’ between zero percent and one
hundred percent and only initiating a fixed compressor
112 when the variable compressor 112’ sustains one
hundred percent capacity for a predetermined amount of
time. In other words, controlling the fixed compressors
112 based on the run percentage of the variable com-
pressor 112’ results in improved system efficiency and
optimization.
[0079] The description of the teachings is merely ex-
emplary in nature and, thus, variations that do not depart
from the gist of the teachings are intended to be within
the scope of the teachings. Such variations are not to be
regarded as a departure from the spirit and scope of the
teachings.

Claims

1. A compressor control system (200) comprising:

at least one variable compressor (112’);
at least one fixed-capacity compressor (112);
and
a controller (132) operable to modulate said at
least one variable compressor (112’) based on
a suction pressure reading and operable to tog-
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gle said at least one fixed-capacity compressor
(112) between a run mode and a shutdown
mode based on an operating parameter of said
at least one variable compressor,
characterized in that:

said operating parameter of said at least
one variable compressor (112’) is a capacity
or duty cycle of said at least one variable
compressor (112’);
said operating parameter ranges from ten
percent compressor capacity to one hun-
dred percent compressor capacity; and
said controller (132) is operable to toggle
said at least one fixed compressor (112) into
said run mode when said variable compres-
sor capacity is at one hundred percent ca-
pacity for a predetermined time.

2. The compressor control system (200) of Claim 1,
wherein said at least one variable compressor (112’)
is a scroll compressor.

3. The compressor control system (200) of Claim 1,
wherein said at least one variable compressor (112’)
is a variable capacity compressor.

4. The compressor control system (200) of Claim 1,
wherein said at least one variable compressor (112’)
is a variable speed compressor.

5. The compressor control system (200) of Claim 1,
wherein said fixed-capacity compressor (112) is a
scroll compressor.

6. The compressor control system (200) of Claim 1,
wherein said fixed-capacity compressor (112) is a
reciprocating compressor.

7. The compressor control system (200) of Claim 1,
wherein said suction pressure reading is an instan-
taneous suction pressure reading.

8. The compressor control system (200) of Claim 1,
wherein said suction pressure reading is a filtered
suction reading providing an average suction pres-
sure for a predetermined amount of time to said con-
troller (132).

9. The compressor control system (200) of Claim 1,
wherein said controller (132) is operable to toggle
said at least one fixed compressor (112) into said
shutdown mode when said variable compressor ca-
pacity is at approximately ten percent capacity for a
predetermined time.

10. The compressor control system (200) of Claim 9,
wherein said predetermined time is approximately

twenty seconds or equal to said duty-cycle of said
variable compressor.

11. The compressor control system (200) of Claim 1,
wherein said predetermined time is approximately
twenty seconds or equal to said duty-cycle of said
variable compressor (112’).

12. The compressor control system (200) of Claim 1,
wherein the next smallest available fixed compres-
sor is toggled into said run mode when said variable
compressor (112’) is at approximately one hundred
percent capacity for said predetermined time.

13. The compressor control system (200) of Claim 1,
wherein said at least on variable compressor (112’)
is in a parallel relationship with said at least one fixed-
capacity compressor (112) in a refrigeration system.

14. The compressor control system (200) of Claim 1,
wherein said suction pressure reading is taken at
said variable compressor (112’).

15. The compressor control system (200) of Claim 1,
further comprising an external system tied to said
compressor, wherein said suction pressure reading
is taken within said external system.

16. The compressor control system (200) of Claim 1,
further comprising a vapor injection system.

17. The compressor control system (200) of Claim 16,
wherein said vapor injection system is fluidly coupled
to said variable compressor (112’) and operable to
increase a capacity of said variable compressor
(112’).

Patentansprüche

1. Kompressorsteuersystem (200), umfassend:

mindestens einen variablen Kompressor (112’);
mindestens einen Festkapazität-Kompressor
(112); und
eine Steuervorrichtung (132), betriebsbereit,
den mindestens einen variablen Kompressor
(112’) beruhend auf einer Saugdruckablesung
zu modulieren und betriebsbereit, den mindes-
tens einen Festkapazität-Kompressor (112)
zwischen einem Betriebsmodus und einem Ab-
schaltmodus beruhend auf einem Betriebspara-
meter des mindestens einen variablen Kom-
pressors umzuschalten,
dadurch gekennzeichnet, dass:

der Betriebsparameter des mindestens ei-
nen variablen Kompressors (112’) ein Ka-
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pazitäts- oder Arbeitszyklus des mindes-
tens einen variablen Kompressors (112’)
ist;
der Betriebsparameter in einem Bereich
von zehn Prozent Kompressorkapazität bis
einhundert Prozent Kompressorkapazität
liegt; und
die Steuervorrichtung (132) betriebsbereit
ist, den mindestens einen festen Kompres-
sor (112) in den Betriebsmodus zu umzu-
schalten, wenn die Kapazität des variablen
Kompressors für einen festgelegten Zeit-
raum bei einhundert Prozent Kapazität liegt.

2. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der mindestens eine variable Kompressor
(112’) ein Spiralkompressor ist.

3. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der mindestens eine variable Kompressor
(112’) ein Kompressor mit variabler Kapazität ist.

4. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der mindestens eine variable Kompressor
(112’) ein Kompressor mit variabler Geschwindigkeit
ist.

5. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der Festkapazität-Kompressor (112) ein Spi-
ralkompressor ist.

6. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der Festkapazität-Kompressor (112) ein Kol-
benkompressor ist.

7. Kompressorsteuersystem (200) nach Anspruch 1,
wobei die Saugdruckablesung eine unmittelbare
Saugdruckablesung ist.

8. Kompressorsteuersystem (200) nach Anspruch 1,
wobei die Saugdruckablesung eine gefilterte Sau-
gablesung ist, die einen durchschnittlichen Saug-
druck für eine festgelegte Dauer für die Steuervor-
richtung (132) bereitstellt.

9. Kompressorsteuersystem (200) nach Anspruch 1,
wobei die Steuervorrichtung (132) betriebsbereit ist,
den mindestens einen festen Kompressor (112) in
den Abschaltmodus umzuschalten, wenn die Kapa-
zität des variablen Kompressors für eine festgelegte
Dauer bei ca. zehn Prozent Kapazität liegt.

10. Kompressorsteuersystem (200) nach Anspruch 9,
wobei die festgelegte Dauer ca. zwanzig Sekunden
oder gleich dem Arbeitszyklus des variablen Kom-
pressors ist.

11. Kompressorsteuersystem (200) nach Anspruch 1,

wobei die festgelegte Dauer ca. zwanzig Sekunden
oder gleich dem Arbeitszyklus des variablen Kom-
pressors (112’) ist.

12. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der nächstkleinere verfügbare feste Kompres-
sor in den Arbeitsmodus umgeschaltet wird, wenn
der variable Kompressor (112’) für die festgelegte
Dauer bei ca. einhundert Prozent Kapazität liegt.

13. Kompressorsteuersystem (200) nach Anspruch 1,
wobei der mindestens eine variable Kompressor
(112’) in einem Kühlsystem in einer parallelen Be-
ziehung zum mindestens einen Festkapazität-Kom-
pressor (112) steht.

14. Kompressorsteuersystem (200) nach Anspruch 1,
wobei die Saugdruckablesung am variablen Kom-
pressor (112’) entnommen wird.

15. Kompressorsteuersystem (200) nach Anspruch 1,
ferner umfassend ein am Kompressor befestigtes
externes System, wobei die Saugdruckablesung im
externen System entnommen wird.

16. Kompressorsteuersystem (200) nach Anspruch 1,
ferner umfassend ein Dampfeinspritzsystem.

17. Kompressorsteuersystem (200) nach Anspruch 16,
wobei das Dampfeinspritzsystem flüssig mit dem va-
riablen Kompressor (112’) gekoppelt ist und be-
triebsbereit ist, eine Kapazität des variablen Kom-
pressors (112’) zu erhöhen.

Revendications

1. Système de commande de compresseur (200)
comprenant :

au moins un compresseur variable (112’) ;
au moins un compresseur à capacité fixe (112) ;
et
un dispositif de commande (132) conçu pour
moduler ledit au moins un compresseur variable
(112’) en fonction d’une interprétation de la pres-
sion d’aspiration et conçu pour faire basculer
ledit au moins un compresseur à capacité fixe
(112) entre un mode de marche et un mode d’ar-
rêt en fonction d’un paramètre de fonctionne-
ment dudit au moins un compresseur variable,
caractérisé en ce que :

ledit paramètre de fonctionnement dudit au
moins un compresseur variable (112’) est
un cycle de capacité ou d’utilisation dudit
au moins un compresseur variable (112’) ;
ledit paramètre de fonctionnement va d’une
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capacité de compresseur de dix pour cent
à une capacité de compresseur de cent
pour cent ; et
ledit dispositif de commande (132) est con-
çu pour faire basculer ledit au moins un
compresseur fixe (112) vers ledit mode de
marche lorsque ladite capacité de compres-
seur variable est à une capacité de cent
pour cent pendant une période prédétermi-
née.

2. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit au moins un
compresseur variable (112’) est un compresseur à
spirale.

3. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit au moins un
compresseur variable (112’) est un compresseur à
capacité variable.

4. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit au moins un
compresseur variable (112’) est un compresseur à
vitesse variable.

5. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit un compresseur
à capacité fixe (112) est un compresseur à spirale.

6. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit un compresseur
à capacité fixe (112) est un compresseur alternatif.

7. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ladite interprétation
de la pression d’aspiration est une interprétation ins-
tantanée de la pression d’aspiration.

8. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ladite interprétation
de la pression d’aspiration est une interprétation
d’aspiration filtrée fournissant une pression d’aspi-
ration moyenne pendant une durée prédéterminée
audit dispositif de commande (132).

9. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit dispositif de
commande (132) est conçu pour faire basculer ledit
au moins un compresseur fixe (112) vers ledit mode
d’arrêt lorsque ladite capacité de compresseur va-
riable est à une capacité d’approximativement dix
pour cent pendant une période prédéterminée.

10. Système de commande de compresseur (200) selon
la revendication 9, dans lequel ladite période prédé-
terminée est d’approximativement vingt secondes
ou est égale audit cycle d’utilisation dudit compres-

seur variable.

11. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ladite période prédé-
terminée est d’approximativement vingt secondes
ou est égale audit cycle d’utilisation dudit compres-
seur variable (112’).

12. Système de commande de compresseur (200) selon
la revendication 1, dans lequel le compresseur fixe
disponible immédiatement inférieur est basculé vers
ledit mode de marche lorsque ledit compresseur va-
riable (112’) est à une capacité d’approximativement
cent pour cent pour ladite période prédéterminée.

13. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ledit au moins un
compresseur variable (112’) est sur un plan parallèle
audit au moins un compresseur à capacité fixe (112)
dans un système de réfrigération.

14. Système de commande de compresseur (200) selon
la revendication 1, dans lequel ladite interprétation
de la pression d’aspiration est prise au niveau dudit
compresseur variable (112’).

15. Système de commande de compresseur (200) selon
la revendication 1, comprenant en outre un système
externe lié audit compresseur, ladite interprétation
de la pression d’aspiration étant prise dans ledit sys-
tème externe.

16. Système de commande de compresseur (200) selon
la revendication 1, comprenant en outre un système
d’injection de vapeur.

17. Système de commande de compresseur (200) selon
la revendication 16, dans lequel ledit système d’in-
jection de vapeur est couplé de manière fluidique
audit compresseur variable audit compresseur va-
riable (112’) et conçu pour augmenter une capacité
dudit compresseur variable (112’).
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