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The object of the invention is an improved refrigerant flow control system
and method. Background of the invention                          This
object is achieved by the features recited This invention relates to
refrigeration systems  in the characterizing parts of the independent
wherein the flow of refrigerant from the refriger-   5    claims.
Embodiments of the invention are recited ant condenser to the refrigerant
evaporator is     in the dependent claims. governed by an adjustable
expansion valve            In accordance with the present invention the
which is responsive to a temperature condition     flow or refrigerant from
the condenser to the of the refrigerant to be compressed.
evaporator is govered by an expansion valve Refrigeration systems must be
designed so as   to   which is controlled in response to the superheat to
prevent liquid refrigerant from entering the    of refrigerant entering the
compression section compressor cylinders along with refrigerant
after having passed in heat exchange relation vapor because this condition,
known as "slug-      with the compressor motor. This arrangement ging" or
"flooding", can result in serious         makes possible more efficient
utilization of the damage to the compressor. Ideally, the refriger-   15
evaporator surface because a greater amount of ant expansion valve controls
the passage of        refrigerant may be passed to the evaporator, or a
refrigerant to the evaporator so that all of the   lessor amount of
evaporator surface may be refrigerant is evaporated prior to leaving the
designed for a given capacity system, because evaporator. Prior
refrigeration systems have fre-  the superheat may be sensed with greater
quently controlled the flow of refrigerant through    20   accuracy and the
superheat added to the refriger- the expansion valve by sensing the
refrigerant     ant by the compressor motor is taken into con- *    f
pressure or equivalent temperature and the       sideration in controlling
the quantity of refriger- temperature of superheated refrigerant leaving
ant supplied to the evaporator. In the preferred the evaporator. This
difference in temperature is  embodiment, the superheat of the refrigerant
is known in the art as "superheat", and prior   25   sensed at a point just
prior to the entrance of the systems have usually been designed to require
a    refrigerant into the cylinders of a reciprocating large safety margin
of superheat in the refriger-  compressor by a thermistor which provides an
ant leaving the evaporator so as to avoid the      electrical analog signal
to a microcomputer that slugging condition previously referred to. A large
rapidly adjusts the position of the expansion -   safety margin is required
because of previously   30   valve by providing a digital output signal to
a i: unaccounted for system variables affecting the     stepper motor which
incrementally controls the actual superheat of refrigerant entering the
corm-  position of the valve and flow of refrigerant to I   pressor
cylinders and due to the practical difficul-  the evaporator. This
arrangement provides very "   ties in sensing low refrigerant superheats
and     rapid response to changes in superheat so that a the sluggishness
of the response of prior expan-   35   relatively low safety margin of
superheat may be sion valves to changes in refrigerant superheat.
maintained without danger of slugging the corn- This safety margin is
provided by utilizing excess  pressor, and a consequent further improvement
evaporator heat exchange surface to assure corm    in capacity and
efficiency of the system. plate evaporation of the refrigerant or, in other
The invention will now be described by way of words, -by restricting the
flow of refrigerant to   40   example with reference to the accompanying
less than optimum for the heat exchange surface    drawings, wherein: that
is present in the system, thereby restricting   Figure 1 is a schematic
illustration of a refriger- the capacity of the system for a' gven energy
ation  system, and  its associated  control, ...l~.  input,
embodying the present invention. In many refrigeration systems the
refrigerant   45  Figure 2 is an illustration, partly in cross-sec- vapor
leaving the evaporator is passed in heat     tion, of a refrigeration
compressor having a ;  exchange relation. with the comp;  motor
temperature sensor at a preferred location for priorto entering the
compless                      measuring superheat. i''compressor -so as to
cot                          Figure 3 is a flow chart illustrating the
basic further assure that any iI   efrig t whi 6,0   logic embodied in a
microprocessor based con- u':accidentally may have             r
trol which embodies the present invention. due to sluggish contr evaporated
prior to enl  g tole Wl~Ajl9Wsor 1       Description of a preferred
embodiment cylinders. Passing the r    rant oG  itlf corn-      This
invention will be described with reference pressor motor adds addii
WVIlT5&tiI &      5a to a refrigeration system, commonly called a
refrigerant entering- the   rs                     water or brine chiller,
which uses an air cooled pressor. In prior systems, t I
condenser, a reciprocating compressor and an of superheat has not been take
ra         evaporator such as a chiller vessel for directly tion in
adjusting the expansion valve because it   expanding refrigerant in heat
exchange with is not reflected in the temperature of refrigerant   a0
water or brine being chilled. However, it will be leaving the evaporator,
which is the common         understood that the invention is equally
applic- way in which superheat is sensed.                   able to heat
pumps, or to machines whose prim- EP-A-O 069 996 discloses a refrigerant
flow       ary purpose is to provide heating or which utilize control
system  and method according to the        liquid cooled condensers or
other types of preambles of the independent claims.          as   hermetic
compressors. Also, while the invention 2 



3              EP 0148102 B1                       4 will be described with
respect to a direct expan-  switching devices to control a digitally
control- sion evaporator vessel for chilling water or brine  lable electric
stepper motor 9, which in turn on the exterior of the heat exchange tubes
incrementally adjusts the opening and closing of therein, the system  may
employ a flooded          expansion valve 8 to incrementally control the
evaporator having the refrigerant on the outside    5    flow  of
refrigerant from  condenser 6 to of the tubes or an evaporator for directly
cooling  evaporator 10. Microcomputer34 acquires analog air or other
fluids. Furthermore, a system of the  temperature input signals from
thermistors 36 type described may, in practice actually employ    and 38
and processes those input signals to one or more chiller vessels,
compressors, and      generate a digital output signal to actuate stepper
condensers arranged in parallel or staged refri-  to   motor S. A suitable
microcomputer controlled gerant circuits to provide the desired
refrigeration  expansion valve and associated stepper motor or heating
capacity. Also, the invention will be.  are more fully described in our
copending described with reference to the preferred micro-   application
serial number (Attorney Docket No. processor based control system driving
an elec-    5414). trically actuated stepper valve motor, but it will be
15  Thermistor 36 is a part of evaporator probe understood that mechanical,
electrical, pneumatic  assembly 40 which is located in the refrigerant or
other controls may be used within the scope     inlet header of evaporator
10, or some other and spirit of the invention.
suitable location for sensing the saturated refri- Referring particularly
to Figure 1, there is illus-  gerant temperature in the evaporator. Probe
trated a refrigeration system 1 having a control 2.   20   assembly 40
comprises a probe 41 containing Refrigeration system 1 comprises a
reciprocating   thermistor 36 which is suitably inserted via a compressor
4, an air cooled condenser 6 having a   bushing and seal assembly 44 into
refrigerant motor driven fan 12 for passing air over the tubes  inlet
header 21 to sense the temperature of of the condenser, refrigerant
expansion valve 8    refrigerant entering the evaporator. This tempera-
controlled by motor 9, and an evaporator 10.   25   ture corresponds to the
saturation temperature of Evaporator 10 comprises a cylindrical vessel
the expanded refrigerant, prior to complete evap- having a shell 14 with
tube sheets 18 and 19       oration of the liquid refrigerant within heat
disposed adjacent the-ends thereof supporting a    exchange tubes 16.
Thermistor 38 is a part of plurality of heat exchange tubes 16. Tube sheet
18  compressor probe assembly 42 which senses a is spaced from one end of
the evaporator vessel   30   refrigerant temperature at a desired location
to form. a refrigerant header 20. Tube sheet 19 is  within the shell of
compressor 4. spaced from the other end of the evaporator
Referring now to Figure 2, compressor 4 is vessel and together with
horizontal partition 23   shown in more detail. Compressor 4 may of the
forms a refrigerant inlet header 21 and a refriger-  hermetic or
semi-hermetic variety, and includes a ant outlet header 22. One or more
internal baffles   35   compressor housing 58 such as a cast or drawn 26
are usually provided within shell 14 for direct-  shell. Housing 58
encloses an electric motor ing the water or brine to be chilled in a
desired  means 60 which is illustrated as being of the path within the
interior of the vessel for effective  induction type, and a compression
means 62 heat transfer with heat exchpnge tubes 16.         which is
illustrated as being of the reciprocating In operation, refrigerant vapor
is withdrawn    40   type. Electric motor means 60 has a plurality of from
refrigerant outlet header 22 of evaporator 10  stator windings 66 and a
squirrel cage rotor through suction passage 30 by compressor 4. The
member 68 connected to a rotor shaft 70 for refrigerant vapor is compressed
in compressor 4    imparting torque to crank shaft 72 which is jour- and
passed through hot gas passage 31 into         naled in bearings 71
supported by housing 58. condenser 6 where the refrigerant is condensed
45   Compression means 62 comprises one or more to a liquid by heat
exchange with a cooling        cylinders 76 within which are disposed a
like medium such as air. The liquid refrigerant passes  number of pistons
74. Pistons 74 are connected to through liquid passage 32, having.expansion
crank shaft 72 by connecting rods 73 which valve 8 therein, intothe
refrigerant inlet header 21  reciprocate the pistons within the cylinders
to of evaporator 10. The expanded low pressure   50   compress refrigerant
vapor. Refrigerant vapor is/ refrigerant flows from header 21 through a
por-    admitted to the cylinders through refrigerant syj0 tion of heat
exchange tubes 16 into refrigerant    tion valves 78 and is discharged from
the c lin- header 20, from which it enters the remaining      ders through
refrigerant discharge valves 80 heat exchange tubes 16 and passes to
refrigerant   associated with each of the cylinders. outlet header 22. The
refrigerant passing through   5s  A refrigerant suction inlet passage 84 is
pro- heat exchange tubes 16 evaporates therein and      vided to admit
refrigerant into the compressor cools the water admitted into the
evaporator       from suction passage 30 and a compressed refri- vessel
through warm water inlet passage 28. The    gerant vapor outlet passage 86
is provided to water which has been cooled in the evaporator      discharge
compressed refrigerant into hot gas vessel then passes to a desired I  5i
h    so   passage 31 of the refrigeration system. Co6d chilled water outlet
passage 29 ,pr id             refrigerant gas from evaporator 6 passes into
at a desired location.    ..                       compressor 4 from
suction passage 30 through Control system 2 compr >i, in it
refrigerant vapor inlet 84, and passes in heat 



form, a microcomputer 34a ng 1t  a  ro-           . exchange relation with
motor 60 to cool the processor, memory, inp tJ           R        1%er
motor. The refrigerant vapor passing in heat ..   r l~;;],  OF    5
EP 0148102 BI                      6 exchange relation with motor 60
absorbs heat      refrigeration system and of the valve and its from the
motor and then passes through suction     associated stepper motor. For
example, it may be manifold 88 into the cylinders of compression
desired to  maintain approximately  15F of means 62. Suction manifold 88
provides a refri-   superheat in the refrigerant entering the compres-
gerant vapor passage which lies downstream of    5    sion means of the
system  and therefore, electric motor 60 and upstream of suction valves
t2-tl -15 should desirably equal zero. For values 78 and compressor
cylinders 76. The refrigerant    of t2-tl-15 which differ from zero the
deviation vapor entering suction manifold 88 has therefore   may be
adjusted by various system functions to absorbed additional superheat from
motor 60        derive a valve change signal for opening or prior to
entering cylinders 76 of the compression   Io   closing the valve to the
desired position to restore means. The refrigerant vapor entering cylinders
the superheat to 15F. It will be appreciated that 76 is compressed by
reciprocation of pistons 74    various characteristics of the system can be
taken and the compressed refrigerant then passes        into consideration
in generating the valve change through refrigerant discharge valves 80 into
refri-  signal, including the non-linear flow characteris- gerant outlet
passage 86, from which it passes   15  tics of the valve, and the rate at
which it is desired through hot gas passage 31 to condenser 6.        that
the valve adjust the refrigerant flow for a Compressor probe assembly 42 is
preferably       given deviation from the desired superheat. Also, located
in suction manifold 88 and comprises a     other sensed parameters of the
system may be suitable bushing and seal assembly 45 having       supplied
to the microcomputer to override or temperature probe 43 extending into
suction   20   modify the valve change signal derived from the manifold 88.
Thermistor 38 is located in probe 43  sensed superheat, such as an excess
or insuffi- and senses the temperature of the superheated      cient system
pressure, an  excess system l    refrigerant vapor passing downstream of
motor      temperature, excess motor current, system load means 60 after
having passed in heat exchange      changes and other conditions which may
require relation with motor 60 and prior to entry of the   25   a
modification of the refrigerant flow. refrigerant vapor into cylinders 76
of compression  In step 106 the system logic computes the new means 62. At
this point, the refrigerant vapor in  expansion valve position which is
desired from thoroughly mixed and substantially homogene-      the present
valve position recalled in step 103 and ous so that an accurate indication
of superheat   the valve change signal derived from step 105. may be
obtained. Probe 43 may be alternatively   30   For example, stepper motor 9
may be a bipolar located at any other suitable location within corm-
electric stepper providing 760 steps between the pressor shell 58.so that
it senses the temperature  completely closed valve position and the com- of
refrigerant vapor which has been superheated    pletely open valve
position. At some point in the by heat exchange with motor 60 prior to its
entry  operation of the refrigeration system the valve into compression
means 62.                   35   may be completely closed to establish a
zero ::i-  In the preferred embodiment of this invention  reference
position for the valve. Thereafter the thermistors 36 and 38 generate
analog electrical   microcomputer remembers the absolute position
temperature signals which are processed by         of the valve as each
valve change signal is applied -microcohputer 34 to provide a digital
output to  to the stepper motor to open or close the valve ean electric
stepping motor which incrementally   40   from its previous position. In
step 107 the logic 'c5 Don;< it s:irols the: position of expansion valve 8.
computes the number of valve motor steps which Alternatively   any.
temperature   sensitive      should be added or subtracted from the current
resistance or other element may be employed         position of the valve
in order to provide the instead of the therrmistors to sense the required
desired refrigerant flow to the evaporator. This temperatures or pressures
equivalent thereto.  45   output signal which is generated by the micro-
Figure 3 illustrates a flow diagram of a basic   processor is then applied
to a suitable output -.pirogramforaccomplishingthesignal processing.
driver logic stage 108 which applies a digital I:nstep 101 the temperature
sensed by thermistor    output signal to pulse the appropriate windings of
36,which corresponds to refrigerant saturation     stepper motor 9 to cause
it to incrementally open temperature in the evaporator, is read and   so
or close expansion valve 8 by the desired number C   reorded -as
temperature ti. In step 102 the     of steps. m ttemperature sensed by.
thermistor 38 is read and  While a digitally controllable electric stepper
r<-tecorded as superheated refrigerant temperature  motor controlled
expansion valve is illustrated as .t2. 1n step    *e10th absolute present
position of the  being the preferred embodiment of this invention,
'expansion valve is recalled from memory and   55   expansion valve 8 may
be adjusted by any suit- inputted into the microprocessor. In step 104 the
able valve actuator means coupled with an superheat of the refrigerant
entering the corm-    appropriate control system  responsive to the -
pression means, sensed by thermistor 38, is         sensed superheat
condition. However, an electric computed by subtracting t1 from t2. In step
105 a  stepper motor controlled expansion valve is par- suitable valve
opening and clo          is   60   ticularly advantageous because of the
precision 



computed to generate a va, - asng                  and rapidity of its
response and because it is signal for opening and do     expa   ion va
especially well adapted to control by a microcom- ; B*  *   8. The p
articular algoritna be i    cal         puter which may set a precise
desired position of determined as a function    e desrreds    hea     the
valve in accordance with all sensed and to be maintained and t~
haraftgr4Msthi  65   determined system characteristics. - \ i;:; ' , ~ad3
4 heR~i~i.10.ipri,:3-    7              EP 0148102B1
8 However, mechanical, electrical, pneumatic and    superheat of *the
refrigerant leaving  the other systems of control may be utilized to
control  evaporator. Consequently, this invention enables the position of
the expansion valve in response to  the evaporator heat exchange surface to
be signi- a superheat signal which is derived from refriger-  ficantly
reduced, or a given evaporator to safely ant passing from  the motor means
into the    5    provide a greater refrigeration capacity for a compression
means of the refrigerant corm-          given energy input than previous
systems, due to pressor, so as to take into account the superheat  the
precision and speed with which refrigerant added by heat exchange of the
refrigerant with      flow in the system is controlled. That, in turn, the
compressor motor..                              enables the refrigeration
system to have a lower By taking into account the superheat added to   to
initial cost, a higher capacity and increased refrigerant vapor by the
compressor motor it is     energy efficiency. possible to operate the
refrigeration system with    It will be appreciated that this invention may
be a smaller amount of superheat in the refrigerant    otherwise embodied
within the scope of the leaving the evaporator without the danger of
following claims. refrigerant liquid  entering the compression    15 means
where it may cause damage. This is            Claims advantageous because
it is possible to design the evaporator with a smaller amount of heat
1. A refrigeration system comprising: exchange surface due to the fact that
less           (A) an evaporator (10) for evaporating liquid superheat is
required to be added by the   20   refrigerant to provide cooling;
evaporator. Furthermore, much more accurate          (B) a condenser (6)
for condensing refrigerant control of the refrigerant flowing through the
vapor; system is possible by sensing the superheat at the    (C) a
compressor (4) for compressing refriger- critical location in the system
between the motor   ant vapor formed in the evaporator (10) and for and
compression sections of the compressor.   25   passing the compressed
refrigerant vapor to the Previously, the amount of superheat required to
condenser (6), said compressor (4) including a be provided by the
evaporator was more or less      housing (58), compression means (4; 62)
dis- of an approximation based on assumptions con-       posed within said
housing for compressing refri- cerning the safe superheat of refrigerant
entering  gerant vapor, motor means (60) disposed within the compressor
rather than the actual superheat   30   said housing for driving  said
compression of refrigerant entering the compression section.    means; To
ensure safe operation of the system, a very       (D) an adjustable
refrigerant expansion valve large safety factor was necessary, resulting in
the  (8) for controlling flow of refrigerant from the system generally
operating with greatly excess      condenser to the evaporator; and
superheat under most conditions.              35      (E) control means (2)
for adjusting the refriger- Applicants invention enables this superheat to
ant expansion valve (8) in response to a function be more precisely
determined and the refrigerant    of the temperature of the refrigerant,
flow quickly corrected in the event of any abnor-     characterized by
refrigerant passage means (84, mal or other changes in operating conditions
-,88) within said housing for passing refrigerant which causes the
superheat of the refrigerant   40   vapor through said housing (58) in heat
exchange entering the compression means to deviate from      relation with
said motor means (60) to said that anticipated by design assumptions. Con-
compression means (62), to cool said motor sequently, the system may be
designed to oper-      means prior to passing into the compression ate
safely with a much smaller margin of excess     means; superheat.
Furthermore, it is difficult to reliably   45  (F) a temperature sensor
(42) disposed in said sense or measure low values of superheat. Con-
housing (58) at a location (88) in said refrigerant sequently, the
measurement of superheat at the      passage means (84, -, 88) for sensing
the outlet of the evaporator, which may desirably be    temperature of the
refrigerant entering said com- on the order of less than 50F, further
contributes  pression means (62), the output signal of said to the
necessity of a large safety factor to prevent   so   temperature sensor
being fed to said control flooding of the compressor with refrigerant
liquid.  means (2) whereby the refrigerant expansion However, in accordance
with Applicant's inven-      valve (8) is adjusted as a function of the
tempera- tion the superheatof the refrigerant is sensed at a  ture of the
refrigerant passing from said motor point within the compressor where it
enters the     means (60) into said compression means (62). compression
section, et which  point the   55        2. The refrigeration system as
defined in claim 1 superheat is relatively high, as on the order of
wherein the control means (2) comprises means 



150F, and it can be easily measured with satisfac-  for adjusting the
refrigerant expansion valve in tory accuracy. This ability to more
accurately      response to a function of the superheat of the sense the
actual superheat enables a further        refrigerant entering said
compression means (62). reduction in the necessary superheat safety fac-
60  3. The refrigeration system as defined in claim tor. By use of the
preferred digitally controlled   1, wherein said control means comprises:
expansion valve, the changes in refrigerant flow      a second temperature
sensor (40) disposed at a may be accomplished with far greater accuracy
location in said system  for sensing a first and speed than prior systems,
thereby further      temperature corresponding with the saturation enabling
a lower margin of safety in the   65   temperature of refrigerant in said
evaporator; and 5    7              EP 0148102 BI                       8
However, mechanical, electrical, pneumatic and   superheat of the
refrigerant leaving  the other systems of control may be utilized to
control  evaporator. Consequently, this invention enables the position of
the expansion valve in response to  the evaporator heat exchange surface to
be signi- a superheat signal which is derived from refriger-  ficantly
reduced, or a given evaporator to safely ant passing from the motor means
into the    5    provide a greater refrigeration capacity for a compression
means of the refrigerant corm-         given energy input than previous
systems, due to pressor, so as to take into account the superheat  the
precision and speed with which refrigerant added by heat exchange of the
refrigerant with    flow in the system is controlled. That, in turn, the
compressor motor.                              enables the refrigeration
system to have a lower By taking into account the superheat added to   to
initial cost, a higher capacity and increased refrigerant vapor by the
compressor motor it is    energy efficiency. possible to operate the
refrigeration system with   It will be appreciated that this invention may
be a smaller amount of superheat in the refrigerant   otherwise embodied
within the scope of the leaving the evaporator without the danger of
following claims. refrigerant liquid entering  the compression    75 means
where it may cause damage. This is           Claims advantageous because it
is possible to design the evaporator with a smaller amount of heat
1. A refrigeration system comprising: exchange surface due to the fact that
less          (A) an evaporator (10) for evaporating liquid superheat is
required to be added by the   20   refrigerant to provide cooling;
evaporator. Furthermore, much more accurate         (B) a condenser (6) for
condensing refrigerant control of the refrigerant flowing through the
vapor; system is possible by sensing the superheat at the   (C) a
compressor (4) for compressing refriger- critical location in the system
between the motor  ant vapor formed in the evaporator (10) and for and
compression sections of the compressor.   25   passing the compressed
refrigerant vapor to the Previously, the amount of superheat required to
condenser (6), said compressor (4) including a be provided by the
evaporator was more or less     housing (58), compression means (4; 62)
dis- of an approximation based on assumptions con-      posed within said
housing for compressing refri- cerning the safe. superheat of refrigerant
entering  gerant vapor, motor means (60) disposed within the compressor
rather than the actual superheat   30   said housing for driving said
compression of refrigerant entering the compression section.   means; To
ensure safe operation of the system, a very       (D) an adjustable
refrigerant expansion valve large safety factor was necessary, resulting in
the  (8) for controlling flow of refrigerant from the system generally
operating with greatly excess     condenser to the evaporator; and
superheat under most conditions.             35      (E) control means (2)
for adjusting the refriger- Applicants invention enables this superheat to
ant expansion valve (8) in response to a function be more precisely
determined and the refrigerant   of the temperature of the refrigerant,
flow quickly corrected in the event of any abnor-    characterized by
refrigerant passage means (84, mal or other changes in operating conditions
-, 88) within said housing for passing refrigerant which causes the
superheat of the refrigerant   40   vapor through said housing (58) in heat
exchange entering the compression means to deviate from     relation with
said motor means (60) to said that anticipated by design assumptions. Con-
compression means (62), to cool said motor sequently, the system may be
designed to oper-     means prior to passing into the compression ate
safely with a much smaller margin of excess    means; superheat.
Furthermore, it is difficult to reliably   45  (F) a temperature sensor
(42) disposed in said sense or measure low values of superheat. Con-
housing (58) at a location (88) in said refrigerant sequently, the
measurement of superheat at the     passage means (84, -, 88) for sensing
the outlet of the evaporator, which may desirably be   temperature of the
refrigerant entering said coin- on the order of less than 50F, further
contributes  pression means (62), the output signal of said to the
necessity of a large safety factor to prevent   50   temperature sensor
being fed to said control flooding of the compressor with refrigerant
liquid.  means (2) whereby the refrigerant expansion However, in accordance
with Applicant's inven-     valve (8) is adjusted as a function of the
tempera- tion the superheat-of-the refrigerant is sensed at a  ture of the
refrigerant passing from said motor 



point within the compressor where- it enters the   means (60) into said
compression means (62). compression  section, at which  point the   55
2. The refrigeration system as defined in claim 1 superheat is relatively
high, as on the order of   wherein the control means (2) comprises means
150F, and it can be easily measured with satisfac-  for adjusting the
refrigerant expansion valve in tory accuracy. This ability to more
accurately     response to a function of the superheat of the sense the
actual superheat enables a further       refrigerant entering said
compression means (62). reduction in the necessary superheat safety fac-
60  3. The refrigeration system as defined in claim tor. By use of the
preferred digitally controlled  1, wherein said control means comprises:
expansion valve, the changes in refrigerant flow     a second temperature
sensor (40) disposed at a may be accomplished with far greater accuracy
location in said system  for sensing a first and speed than prior systems,
thereby further      temperature corresponding with the saturation enabling
a lower margin of safety in the   65   temperature of refrigerant in said
evaporator; and 5 l   11111111111111111    9               EP 0148102 B1
10 signal processing means (34) connected for       expansion valve in
response to the digital valve providing a superheat control signal to said
control signal. expansion valve (8) which is a function of the       8. The
method of controlling the flow of refri- difference between the temperature
of the refri    gerant in a refrigeration system as defined in gerant
entering the compression means (62) and    5    claim 5, which comprises
the steps of: said second sensed temperatures; and                 sensing
a second temperature in said system a valve motor (9) connected to said
adjustable   corresponding with the saturation temperature of refrigerant
expansion valve (8) for adjusting the  refrigerant in the evaporator (16),
and generating refrigerant expansion valve in response to the     a second
temperature signal which is a function superheat control signal generated
by said signal   to   of said second temperature; processing means;
generating a valve control signal which is a 4. The refrigeration system as
defined in claim 3  function of the difference in a signal corre- wherein:
sponding to the temperature of the refrigerant (A) said temperature sensors
(42, 40) comprise    passing into the compressor and a second temperature
sensitive elements for providing    15  temperature signal; and analog
electrical temperature signals;               controlling the passage of
refrigerant from the (B) said signal processing means (834) corm-
condenser (6) to the evaporator (10) of the refrig- prises a microcomputer
programmed and con-         eration system by adjusting the refrigerant
expan- nected to provide a digital superheat control      sion valve (8) in
response to the valve control signal to said valve motor (9) in response to
said   20   signal. analog temperature signals; and                      9.
The method of controlling the flow of refri- (C) said valve motor (9)
comprises a digitally   gerant in a refrigeration system as defined in
.ncontrollable electric stepper motor which is actu-   claim 8, wherein:
ated in response to the digital superheat control    the step of generating
a superheat control signal generated by said microcomputer, to incre-   25
signal comprises generating a digital superheat mentally adjust the
refrigerant expansion valve in  control signal; and response to the digital
superheat control signal.    the step of controlling the passage of
refriger- 5. A method of controlling the flow of refriger-  ant from the
condenser (6) to the evaporator (10) ant in a refrigeration system having a
condenser   comprises incrementally adjusting the refrigerant (6), an
adjustable refrigerant expansion valve (8),  30   expansion valve (8) in
response to the digital an evaporator (10) and a compressor (4), wherein
superheat control signal. the compressor includes a compressor housing -^
..{(58) enclosing a compressor motor (60) and a       Patentansprfche
compression means (62) driven by the coin- 'pressor motor, which comprises
the steps of:  35    1. Kilteanlage, mit: generating a control'signal which
is a function    (A) einem Verdampfer (10) zum Verdampfen
-.:'ofasensedrefrigerant temperature; and          von flussigem
Kiltemittel, urn fOr KOhlung zu controlling the passage of refrigerant from
the   sorgen; condenser (6) to the evaporatorW(10) of said         (B)
einem Kondensator (6) zum Kondensieren refrigeration system. by-adjusting
the refrigerant   4o   von Klltemitteldampf; e:xpansion valve: (8) in
response to said control    (C) einem Kompressor (4) zum Komprimieren .~ nl
gnhaI characterized by the steps of:           von KUltemitteldampf, der in
dem Verdampfer passing refrigerant from the evaporator (10) in  (10)
gebildet wird, und zum Leiten des kompri- a sheath exchange Vrelation with
the compression   mierten Kiltemitteldampfes zu dem Kondensator \.:m.
motor: (60) to cool the motor prior to passing the   45   (6), wobei der
Kompressor (4) ein Gehiuse (58) i  t-refrigerant into the compression means
(62); and  aufweist, eine Kompressionseinrichtung (4; 62), *eansing the
temperature of the refrigerant pass-  die in dem Gehause angeordnet ist,
zum Kompri- Sing through the compressor housing (58) from the  mieren des
Kaltemitteldampfes, und eine Motor- 9:. compressor motor  (60) into the
compression    einrichtung (60), die in dem Gehause angeordnet 



me ians (62) for generating said control signal.  so   ist, zum Antrieben
der Kompressionseinrichtung; -6.The, method of controlling the flow of
refri-   (D) einem einstellbaren Kiltemittelexpansions- : :gernt in a
refrigeration system as defined in   ventil (8) zum Steuern der Stromung
von Kalte- cl'aim 5,wherein the step of generating a control  mittel aus
dem Kondensator zu dem Verdampfer; isignal comprises generating a control
signal      und .which is a function of the superheat of refrigerant   55
(E) einer Steuereinrichtung (2) zum Einstellen passing from the compressor
motor into the         des KUltemittelexpansionventils (8) als Funktion
compression means.                                 der Temperatur des
Kblternittels, 7. The method of controlling the flow of refri-
gekennzeichnet durch eine Kaltemittelleitein- gerant in a refrigeration
system as defined in     richtung (84,-, 88) innerhalb des Gehauses zum
claim 5, wherein:                             60   Leiten vof
Kaltemitteldampf durch das Gehiuse the step of generating a valve control
signal    (58) in Wbrmeaustauschbeziehung mit der Motor- comprises
generating a digital control signal; and  einrichtung (60) zu der
Kompressionseinrichtung the step of controlling the passage of refriger-
(62), urn die Motoreinrichtung zu kuhlen, bevor er ant from the condenser
to the evaporator com-      in die Kompressionseinrichtung geleitet wird;
prises incrementally adjusting the refrigerant   65  (F) einen
Temperatursensor (42), der in dern 6    .   11          EP 0148102  B1
12 Gehause (58) an einer Stelle (88) in der Kiltemit-  Funktion einer
erfaBten Kaltemitteltemperatur telleiteinrichtung (84, -, 88) zum Erfassen
der   ist; und Temperatur des Kaltemittels, das in die Kom-         Steuern
des Leitens von Kaltemittel aus dem pressionseinrichtung (62) eintritt,
angeordnet ist,  Kondensator (6) zu dem Verdampfer (10) der wobei das
Ausgangssignal des Temperatursen-    5    K3lteanlage durch Einstellen des
KI3temittel sors der Steuereinrichtung (2) zugef~hrt wird,
expansionsventils (8) aufgrund des Steuersi- wodurch des
Kaltemittelexpansionsventil (8) als    gnals, gekennzeichnet durch folgende
Schritte: Funktion der Temperatur des Kaltemittels einge-      Leiten des
KIaltemintels aus dem Verdampfer stellt wird, des von der Motoreinrichtung
(60) aus  (10) in Wirmeaustauschbeziehung  mit dem in die
Kompressionseinrichtung (62) geleitet   to   Kompressormotor (60), um den
Motor zu kOhlen, wird.                                              bevor
das Kaltemittel in die Kompressionsein- 2. Kilteanlage nach Anspruch 1,
wobei die        richtung (62) geleitet wird; und Steuereinrichtung (2)
eine Einrichtung aufweist      Erfassen der Temperatur des K3ltemittels,
das zum Einstellen des KAltemittelexpansionsventils    durch das
Kompressorgehause (58) von dem als Funktion der Ulberhitzung des
Kiltemittels,   75   Kompressormotor (60) aus in die Kompressions- das in
die Kompressionseinrichtung (62) eintritt.  einrichtung (62) gelsitet wird,
zum Erzeugen des 3. Kalteanlage nach Anspruch 1, wobei die
Steuersignals. Steuereinrichtung aufweist:                          6.
Verfahren zum Steuern der Stromung von einen zweiten Temperatursensor (40),
der an      Kaltemittel in einer KIalteanlage nach Anspruch 5, einer Stelle
in der Anlage angeordnet ist, um    20   wobei der Schritt des Erzeugens
sines Steuersi- eine erste Temperatur zu erfassen, die der Satti-  gnals
beinhaltet, sin Steuersignal zu erzeugen, gungstemperatur des KIlternittels
in dem Ver-      welches eine Funktion der Oberhitzung des Kal- dampfer
entspricht; und                            ternittels ist, des von dem
Kompressormotor aus eine Signalverarbeitungseinrichtung (34), die    in die
Kompressionseinrichtung geleitet wird.  ; so angeschlossen ist, daB sie sin
Uberhitzungs-   25  7. Verfahren zum Steuern der Stromung von steuersignal
an das Expansionsventil (8) abgibt,   Kaltemittel in einer K3lteanlage nach
Anspruch 5, welches eine Funiction der Differenz zwischen der  wobel:
Temperatur des in die Kompressionseinrichtung        der Schritt des
Erzeugens sines Ventilsteuersi- (62) eintretenden KIaltemittels und der
zweiten    gnals beinhaltet, sin digitales Steuersignal zu erfaBten
Temperaturen ist; und               30   erzeugen; und einen Ventilmotor
(9), der mit dem einstellba-     der Schritt des Steuerns des Leitens von
K31te- ren Kaltmittelexpansionventil (8) verbunden ist,   mittel aus dem
Kondensator zu dem Verdampfer wrm Einstellen des
Kiltemittelexpansionsventils    beinhaltet, das Kaltemittelexpansionsventil
auf- aufgrund des Oberhitzungssteurersignals, das       grund des digitalen
Ventitsteuersignals inkre- durch   die   Signalverarbeitungseinrichtung
35   mentell einzustellen. erzeugt wird.
8. Verfahren zum Steuern der Stromung von 4. KIalteanlage nach Anspruch 3,
wobei:          Kaltemittel in einer Kalteanlage nach Anspruch 5, (A) die
Temperatursensoren. (42, 40) tempera-    welches die Schritte beinhaltet:
turempfindliche Elements zum  Erzeugen von           Erfassen einer zweiten
Temperatur in der analogen electrischen Temperatursignalen auf-   40
Anlage, welche der Sattigungstemperatur des weisen;
Kaltemittels in dem Verdampfer (16) entspricht, (8) die
Signa)verarbeltungseinrichtung  (34)     und Erzeugen eines zweiten
Temperatursignals, einen Mikrocomputer aufweist, der so program-
welches eine Funktion der zweiten Temperatur miert und angeschlossen ist,
daB er sin digitales  ist; Oberhitzungssteuersignal an den Ventilmotor (9)
45  Erzeugen eines Ventilsteuersignals, welches aufgrund  der  analogen
Temperatursignale         sine Funktion der Differenz zwischen einem 



abgibt; und                                        Signal, wetches der
Temperatur des Kiltemittels (C) der Ventilmotor (9) einen digital steuerba-
entspricht. das in den Kompressor geleitet wird, ren elektrischen S;
brittmotor aufweist, der auf-   und einem zweiten Temperatursignal ist; und
grund des digitalen Oberhitzungssteuersignals   co   Steuern des Leitens
des Kaltemittels aus dem betatigt wird, watches durch den Mikrocomputer
Kondensator (6) zu dem Verdampfer (10) der erzeugt wird, um das
Kiltemittelexpansionsventil   KIalteanlage durch Einstellen des
Kaltemittelex- aufgrund des digitalen Oberhitzungssteuersi-
pansionsventils (8) aufgrund des Ventilsteuersi- gnals inkrementell
einzustellen.                   gnals. 5. Verfahren zum Steuem der Stromung
von   55      9. Verfahren zum Steuern der Stromung von Kaltemittel in
einer kilteanlage mit einem Kon-    Kaltemittel in einer Kilteenlage nach
Anspruch 8, densator (6), einem einstellbaren KIaltemittelex-  wobei:
pansionsventil (8), einem Verdampfer (10) und        der Schritt des
Erzeugens sines Oberhitzungs- einem Kompressor (4), wobei der Kompressor
steuersignals beinhaltet, ein digitales Uberhit- sin Kompressorgehiuse (58)
aufweist, das eanen   60   zungssteuersignal zu erneugen; und
Kompressormotor (60) und sine durch den Kom-         der Schritt des
Steuerns des Leitens des Kalte- pressormotor angetriebene Kompressionsein-
mittis aus dem  Kondensator (6) zu dem Ver- richtung (62) enthalt, wetches
folgende Schritte   dampfer (10) beinhaltet, das Kaltemittelexpan-
beinhaltet.                                        sionsventil (8) aufgrund
des digitalen Oberhit- Erneugen sines Steuersignals, welches sine   65
zungssteursignals inkrementell einzustellen. .~~~~~~~~~~~~~~ 7    ..
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14 Revendications                                     un moteur do vanne
(9) reliee a ladite vanne reglable (8) de d6tente du frigorigene pour 1.
Systeme frigorifique comprenant:             r6gler Ia vanne d'expansion du
frigorigene en A) Un evaporateur (10) pour 6vaporer le frigo-  reponse au
signal de commande de surchauffe rigene liquide et assurer un
refroidissement;  5   fourni par lesdits moyens de traitement de B) Un
condenseur (6) pour condenser le frigo-  signaux. rigene vapeur;
4. Le systeme frigorifique tel quo defini 3 la CI un compresseur (4) pour
comprimer le fri-   revendication 3 dans loquel: gorigene vapeur forme dans
l'evaporateur (10)      A) lesdits capteurs de temperature (42, 40) et pour
faire passer le frigorigene vapeur corn-   10   comprennent des elements
thermosensibles prim6 vers le condenseur (6), ledit compressour   pour
fournir des signaux 6lectriques et analogi- (4). comprenant un boltier
(58), des moyens de    ques de temperature; compression (4, 62) dispos6s
dans ledit boltier    B) lesdits moyens de traitement de signaux -.pour
comprimer le frigorigene vapour, des       (34) comprennent un
microcalculateur pro- moyens du type moteur (60) dispos6s dans ledit  15
gramme et monte pour fournir un signal num6- boltier pour entrainer lesdits
moyons de corn-   rique de commande de surchauffe audit moteur pression;
de vanne (9) en reponse auxdits signaux analo- D) une vanne reglable d
dtente (8) du frigo-    giques de temperature; et rigene pour regter le
debit de frigorigene allant  C) ledit moteur de vanne (9) comprend un du
condenseur a l'evaporateur; et           20   moteur 6lectrique pas-a-pas 3
commando nume- E) des moyens de commande (2) pour regler       rique, qui
est commande en reponse aux Ia vanne de detente vito du frigorigene en
signaux numeriques de commando de sur- W., reponse A une fonction de la
temperature du       chauffe fourni par ledit microcalculateur pour
frigorigene,                                     r6gler par increments la
vanne de detente du caracterise par des moyens de passage de   25
frigorigene en reponse aux signaux numeriques frigorigene (84, 88) dans
ledit boltter pour faire  de commando de surchauffe. passer to frigorigene
vapeur par ledit bottier (58)  5. Proc6de de commande et de relage du en
reoation d'echange thermique avec lesdits      d6bit de frigorigene dans un
systenme frigorifi- : -moyens 'de type moteur (60) vers lesdits       quo
poss6dant un condenseur (6), une vanne moyens de compression (62) pour
refroidir les-   30   reglable (8) de dMtonte du frigorigene, un evapo-
di'ts moyens du type moteur avant do passer      rateur (10) et un
compresseur. (4) dans lequel le vor les moyens de compression;
compresseur comprend un bottier de compres- F) un capteur deo temperature
(42) dispose      sour (58) enfermant le moteur du compresseur .dns ledit
bottler (58) en un point (88) desdits  (60) et des moyens de compression
(62) ::- .moyens do passage (84, 88) de frigorigene,f pour   35   entratnes
par le moteur du compresseur, pro- .:captor la temperature' du frigorigbne
entrant   cede qui comprend les etpes suivantes: dans lesdits'moyens de
compression (62), le        creation de signaux de commando en fonction
-signal de sortie dudit capteur de temperature    d'une temperature captee
du frigorigene; et Aj!.tit. arnene' auxdits moyens de commande (2),
commande et reglage du passage du frigori- ;e srrte'  quo la vanne
do'dhtente (8) du frigon-   40   gOne du condenseur (6) vers l'vaporateur
(10) e     soilfst rVglee oni 'fonction de Ia temperature. dudit systeme
frigorifique en reglant la vanne i "dijrigorig~nO passant desdites moyens
du type   (8) de dMtonte du frigorigene en reponse auxdits 



m':.Wi&eur (60) vers los moyens du type compres-  signaux de commando et de
reglage, si'2 -  : don (62). -:   -  .                       procede
caracterise par les etape suivantes: :2. .:Systems frigorifique tel quo
defini 3   ia   45  passage du fluide frigorifique issu de l'evapo-
ov':iendicatiOn 1 dans 'equel les moyens de corn-  rateur (10) en relation
d'echange thermique avec M*... '   nde (2) comprennent des moyens pour
regler   le moteur de compression (60) pour refroidir le .I. ati .vsono: do
detente  du  frogorigene en    moteur avant de faire passer le frigorigbne
dans reponte 3     une fonction de la surchauffe du   les moyens de
compression (62); et -W tgror~iga0 entrant lesdits moyens de compres-  5c
detection de la temperature du frigorigbne - sloill (62).    .   "
passant dans le boltier du compresseur (58) en 3. SystIme frigorifique tel
'quo defini A la    provenance du moteur du compresseur (60) .'-
revondicationf 1 dans toquel lesdits moyens do  vers les moyens de
compression (62) pour four- commande comprennent:
nir lesdits signaux de commande et de reglage. un deuxieme capteur de
temperature (40) dis-   55  6. Procede de commande et de reglage du pose en
un endroit dudit systeme pour captor      debit de frigorigene dans un
systeme frigorifi- une premiere temperature correspondant 3 la       quo
tel que defini 3 la revendication 5, proc6d6 termprature de saturation du
frigorigene dans     dons lequol 1t'tape de creation de signaux de ledit
evaporateur; et des moyens (34) de traite-  commande et de reglage comprend
la creation ment de signaux relibs pour fournir un signal de   60   de
signaux de commando et de reglage en fonc- commande de surchauffe 3 ladite
vanne detente    tion de la surchauffe du frigorigene passant du (8)'qui
est une fonction de la difference entre la  moteur du compresseur vers les
moyens de temperature du frigorigene entrant dans les       compression.
moyens  de  compression  (62) et lesdites          7. Procede de commando
et de reglage du secondes temperatures captees; et           65   debit de
frigorigene dans un systeme frigorifi- :   -
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que d6fini A la revendication 5, dans    reglage de vanne en fonction de la
diff6rence lequel:                                          entre un signal
correspondant 3 la temperaure du l'etape de creation de signaux de commande
et   frigorigene passant dans la compresseur et -un de r6glage de vanne
comprend la creation de      signal de seconde temperature- et signaux
num6riques de commande et de r6glage;    5  commande et reglage du passage
de frigori- et                                               gbne du
condenseur (6) vers l'evaporateur (10) du l'etape de commande et de reglage
du passage    systeme frigorifiqu e, n r6glant la vanne (8) de fluide
frigorifique du condenseur vers l'6vapora-  detente du frigorigene en
r6pohse aux signaux de tsur comprend le r6glage par incr6ments de la
commande et de r6glage de vanne. vanne de d6tente du frigorigene en r6ponse
aux   0o    9. Proc6de de commande et de reglage du d6bit signaux
num6riques de commande et de reglage     de frigorigene dans un systeme de
frigorifique tel de vanne.                                         qus
defini a la revendication 8, dans lequel; 8. Proc6db de commande et de
r6glage du debit    l'6tape de creation de signaux de commande de
frigorigene dans un systeme frigorifique tel  surchauffe comprend la
creation d'un signal que d6fini A la revendication 5 comprenant les   15
numerique de commande et de r6glage de sur etapes suivantes:
chauffe; et d6tection d'une seconde temp6rature dans ledit   l'6tape de
commande et de r6glage du passage systeme correspondant A la temperature de
satu-   du frigorigene du condenseur (6) vers l'6vapora- ration du
frigorigAne dans 1'6vaporateur (16) et  teur (10) comprend le r6glage par
incr6ment de la cr6ation de seconds signaux de temperature en   20   vanne
de detente du frigorigene en r6ponse aux fonction de ladite second
temp6rature; et         signaux numeriques de commande et de r6glage
creation d'un signal de commande et de          de la surchauffe. 25 30 36
40 K-'                                            45 50 55 60 65 9
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