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1. A refrigerating system including & refrigerant
cir¢uit, comprising a condenser, eQaporator and compressof,
rhin compxeSSOr‘indluding a cqmpressor‘hoﬁsiﬁg having a
central portion, a front énd‘plate‘at one end and a reax end
plate at its other end, said housing having a‘cylinder block
with a plurality of cylinderé and a crank chamber, a piston
slidably fitted within each of said cylinders, a drive
mechanism coupled to said pistous to reciprocate said
pistons within said c¢ylinders, said drive mechanism
including a drive shaft rotatably supported in said housing,
a rotor coupled to said drive shaft and rotatable therewith,
and coupling means for drivingly coupling said rotor to said

istons such that the rotary motion of said rotor is
convarted into reciprocating motion of said pistons, said
coupling means including a member having a surface disposed
e /2
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at an incline angle relative to said drive shaft, said
incline angle of said member being adjustable to vary the
stroke length of said pistons and the capacity of said
compressor, said rear end plate having a suction chamber and
a discharge chamber, variable displacement control means for
controlling angular displacement of said adjustable member
comprising first valve control means for controlling fluid
communication between said crank chamber and said suctiomn
chamber in response to changes in refiigerant pressure in
gsaid compressor. said first valve control means comprising a
first passageway providing fluid communication between said
crank chamber and said suction chamber and first valve means
for controlling the opening and closing of said first
passageway to vary the capacity of the compressor by
adjusting the incline angle, said first valve means
comprising a first valve to directly open and close said
first passageway, said variable displacement control means
further comprising second valve control means for
controlling fluid communication between said crank chamber
and said suction chamber in response to a signal ygenerated
outside of the compressor, saild second valve control means
comprising a second pascageway providing fluid communication
between said crank chamber and said suction chamber and
second valve means for controlling the opening and closing
of said second passageway to vary the capacity of said
compressor by adjusting the incline angle, said second

valve means comprising a second valve to directly open and
close said second passageway and override the operation of
sald first valve, and means for controlling the generation
of said signal in response to at lerst one thermodynamic
characteristic related to the evaporator as compared %o two
distinct boundary values.
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REFRIGERATING SYSTEM HAVING A
COMPRESSOR WITH AN INTERNALLY AND EXTERNALLY

CONTROLLED VARIABLE DISPLACEMENT MECHANISM
TECHNICAL FIELD

The present invention relates to an improved automotive air
conditioning system. More particularly, the present Invention relates
to a refrigerating system having a slant plate type compressor with an
internally and externally controlled variable displacement mechanism
suitable for use in an Automotive air conditioning system. The present
invention also relatas to a method for varying -the displacement of a
slant plate type compressor. |
BACKGROUND OF THE INVENTION

One construction of a slant piate type compressor, particularly
a waobble plate compressor, with a variable capacity mechanism which
is suitable for use {n an automotive air conditioner Is disclosed in U.S.

Patent No. 3,861,829 Issued to Roberts et al. Roberts et al, '829 dis-

closes a wobble plate type compressdr which has a cam rotor driving
device to drive a plurality of pistons. The slant ot incline angle of the
slant surface of the wobble plate Is varied to change the stroke length
of the pistons which changes the displacement of the compressor.
Changing the incline angle of the wobble plate is effectad by changing
the pressure difference between the suction chamber and the crank
chamber in which the driving device is located.

In such a prior &rt compressor, the slant angle of the slant sur-
face Is controlled by the pressure in the crank chamber. Typically
this control occurs in the foliowing ma.ner, The crank chamber com=-
municates with the suction chamber through an aperture and the
opening and closing of the aperture iIs controlled by a valve mecha-
nism. The valve machanism generally includes a bellows element and
a needle valve, a7d Is located In the suction chamber so that the
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bellows eleme:it operates in accordance with changes in the suetion
chamber pressure.

In the above compressor, the pressure of the suction chamber
is compared with a predetermined value by the valve mechanism.
However, when the predeiermined value is below a certain critical
value, there is a possibility of frost forming on the evaporator in the
refrigerant circuit. Thus, the predetermined value is usually set
higher thau the critical value to prevent frost from forming on the
evaparator.

However, since suction pressures above this critical value are
higher than the pressure in the suction chamber when the compressor
operates at maximum capacity, the cooling cha.acteristics of the
compressor are Inferior to those of the same compressor without a
variable displacement mechanism.

Roberts et al. '829 discloses a capacity adjusting mechanism
used in a wobble plate type compressor. As Is typical in this type of
compressor, the wobble plate is disposed at a slant or incline angle
relative to the drive axié, nutates but does not rotate, and 'drivingly
couples the pistons to the drive source. This type of, capaclty adjust-
ing mechanism, using selective fluld communication between the
crank chamber and the suction chamber can be used In any type of
compressor which uses a slanted plate or surface in the drive mecha-
nism. For example, U.S. Patent No. 4,664,604 issued to Terauchi dis-
closes this type of capacity adjusting mechanism in a swash plate type
compressor. The swash plate, like the wobble plate, is disposed at a
slant angle and drivingly couples the pistons to the drive soucce.
However, while the wobble plate only nutates, the swash plate toth
nutates and rotates. The term slant plate type compressor will thecre-
fore be used to refer to any type of compressor, including wobble and
swash plate types, which use a slanted plate or surface in the drive
mechanism.

A signal controlled compressor solenoid valre ln_‘g%mbéniéion
with a pressure actuated bellows valve is disclosed n US Paten:}




~-Model-AppHeation-tlowb-t=i-k-1884- to improve cesling characteristics
and temperature control in the passenger cumpariinent.

In a starting so-called "cool down" stage of an air conditioning
system including such a compressor for {nitially cooling the passenger
compartment, the second valve control device works to connect the
crank chamber to the suction chamber due to a heat load on the evap-
orator of the zir conditioning system being exceedingly above a sing’ 2
predetermined value. Once the heat load drops to the same predeter=
mined value, the second valve control device closes the valve and
only may reopen the valve if the heat load exceeds that single prede-
termined value which will normally only occur after the air condition=
ing system has been turned off and then restarted after a certain time
period. Once the second valve control device closes the second valve,
the first valve control device solely controls the capacity of the
compressor, ’

The air’ conditioning system including the above mentioned
variable displacement mechanism has no problem in a "cool down"
stage when cooling recircuiated room air.

However, In' & 'icool down" stage with fresh air intake, l.e.,
cooling fresh air which is brought into the room, the above mentioned
air conditioning system has certain drawbacks.

Referring to Figure 9, the cool down characteristic of the prior
art alr conditioning system In a fresh air intake situation is shown. ‘In
Figure 9, a solid line, a dotted line and a dashed line show pressure of
an evaporator outlet portion, pressure of a compressor suction cham-
ber and a room (passenger compartment) temperature, respectively.
{n the cool down stage, tt.e second valve control device works to con-
nect the crank chamber to the suction chamber causing maximum
displacement of the slant plate of a slant plate type compressor.so
that the room temperature, the pressure in evaporator outlet portion
and the pressure in the suctfon chamber fall quickly. When the pres-
sure In the evaporator outlet portion falls to the single predete“mined
value P1 that is the lower most point before {rost forms on the evapo-
rator surtace, the second valve control device closes the sezond valve
(time t} elapsed), After time ty, the {lrst valve control device solely
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controls the displacement of the ccmpressor slant plate and
maintains the suction chamber pressure slightly above Pl.
Immediately after time t1 , the heat load is still large so
that a large amount of refrigerant gas flows from the
evaporator to the suction chamber. As a result, some
pressure loss occurs between the evaporator outlet portion
and the suction chamber which makes the pressure of the
evaporator outlet portion quickly rise. The quick pressure
rise in the evaporator outlet portion causes inefficient
heat exchange which in turn causes the room temperature to
quickly rise,

Furthermore, when the above mentioned air
conditioning system incorporates a mechanical thermal
expansion valve which maintains super heat values associated
with the evaporator outlet portion generally constant,
hunting of suction refrigerant gas flow tends to occur due
to a mutual interference between the control of the variable
displacement mechanism and the control of the expansion
valve immediately after t; shown ir Figure 9.

SUMMARY OF THE INVENTION

It is a primary object of this inventicu to eliminate

a quick rising of the room temperature as a result of a
quick rise in pressure in the evaporator outlet portion due
to the pressure loss between the evaporator outlet portion
and the suction chamber which occurs once the first valve
control device achieves sole control of the wvariable
displacement mechanism in a fresh air intake situation.

It is another object of this invention to eliminate
hunting of suction refrigerant gas flow tending tec happen
due to the mutual interference between the control of the
variable displacement mechanism and the control of the
expansion valve once the first valve control device achieves
sole control of the variable displacement mechanism.

The present inventlon is directed to a refrigerating
system including a refrigerant circuit, comprising a
condenser, evaporator and compressor. The compressor
includes a compressor housing having a central portion, a




front end plate at one end and a rear end plate at its other
end. The housing has a cylinder block with a plurality of a
cylinders and a crank chamber, a piston slidably fitted

within each of the cylinders and a drive mechanism coupled
to
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the pistons to reciprocate the pistons within the cylinders. The drive
mechanism includes a drive shaft rotatably supported in the housing, a
rotor coupled to the drive shart and rotatable therewith, and a cou-
pling mechanism for drivingly coupling the rotor to the pistons such
that the rotary motion of the rotor is converted into reciprocating
motion of the pistons. The coupling mechanism includes a member
having a surface disposed at an Incline angle relative :0 the drive
shaft, The Incllne angle of the member Is adjustable to vary the
stroke length of the pistons and the capacity of the compresscr. The
rear end plate has a suction chamber and a discharge chamber. A
variable displacement control mechanism controls angular displace-

.': ‘een ment of the adjustable member and comprises a first valve control
..:E" device for controUln% fluld communication between the crank cham=
vons”? ber and the s:ction chamber In response to changes in refrigerant
LT pressure-in the: compressor, The first valve .‘ontrol device comprises
e a first passageway providing (luid communication between the crank
Rt chamber and the suction chamber and a flrst valve member for con-

trolling the opening and closing of the first passageway to vary the

capacity of the compressor by adjusting the Incline angle. The flrst
L, valve member comprises a first valve to directly open.and close the
o first passageway. The vatiable displacement control mechanism fur-
efeat ther comprises a second valve control device for controlling fluid
T communication between the crank chamber and the suction chamoer
* in response to a signal generated outside of the compressor. The sec-
ettt ond valve control device comprises a second passageway providing
ve, fluild communication between the crank chamber and the suction
votee chamber and a second valve member tor controlling the opening and

closing of the second passageway to vary the capacity of the com=
pressor by adjusting the incline arigle. the second valve member com=
prises a second valve to directly open and close the second passage-
way and override the operation of the first valve, A clreult for con-
trolling the generation of the signal {n response to thermodynamic
characteristics related to the evaporator provides the compressor
with external control of the variable displacement mechanism as




compared to two boundary values of the .thermodynamic
characteristic.

- The present invention is also directed to a method for varying
the displacement of a slant plate compressor by sensing a thermody-
namic characteristic related to the evaporator anc selectively operat-
ing the second valve control device In comparison to the two bound-
ary values.

Further objects, features and other aspects of the present
invention will be understood from the detailed description of the pre-

ferred embodiment of the present invention with reference to the

annexed drawings.

' BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a vertical longitudinal sectional view of a wobble

| plate type compressor with a variable displacement mechanism in

accordanee with one embodiment of the present invention,
I‘igure 2 is a schematic block diagram of one refrigerating eir-
cuit including the compressor shown in Figure 1.
‘ Figure 3 is a schematic block diagram of another remgerating
clrecuit including the compressor shown in Figure L.
Figure 4 is a graph showing cool down characteristics of the

‘refrigerant circuits shown in Figure 2 or Figure 3.

Figure 5 is a schematic block diagram of still another refriger-
ating circuit including the compressor shown In Flgure 1,

Figure 6 Is a diagram showmg various con;rol stages of the
solenoid valve corresponding‘to the control cireuit shown in Flgure §
in response to a surface temperature of an evaporator fin,

Figure 7 is a schematic block diagram of yet another refriger-
ating circuit including the compressor shown in Figure 1,

Figure 8 Is a diagram showing various coatrol stages of the
solenoid valve corresponding to the control circuit shown in Figure 7
in response to the surface temperature of the evaporatOr fin,

Figure 9 Is a graph showing cool down characteristics of a
refrigerant cireult Including a known variable displacement wobble
plate type ¢:ompressar.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a wobble plate type compressor 10 in
accordance with one embodiment of the present invention is shown.
Compressor 10 includes a closed cylindrical housing assembly il
formed by a cylinder block 12, a crank chamber 13 within cylinder
block 12, a front end plate 14f and a rear end plate l4r.

Front end plate 14f is mounted on the left end portion uf ¢rank
chamber 13, as shown in Figure 1, by a plurality of bolts (not shown).
Rear end plate l4r and valve plate 15 are mounted on cylinder block
12 by a plurality of bolts (not shown). An opening . Is formed ia
front end plate 14f for receiving a drive shaft 16 which is rotatably
supported by front end plate L4f through bearing 132 which is disposed
within opening 131. An inner end portion of drive shaft 16 is also
rotatably supported by cylinder block 12 through bearing 122 which is
disposed within a central bore 121. Central bore 121 provides a cavity
in a center portion'ot cylinder block 12, Shaft seal 17 is disposed
between an inner surface of opening 131 and an outer surface of drive
shaft 16 at an outside of bearing 132. Thrust needle tearing 133 is
disposed between an inner end surface of front end plate 14f and an
adjacent’axial end surface of cam rotor 20.

Cam rotor 20 Is fixed on drive shaft 16 by pin member 18
which penetrates cam rotor 20 and drive shaft 16, Cam cotor 20 is
provided with arm 21 having a pin 22. Slant plate 30 has an opening
33 formed at a center portion thereof. Spherical bushing 19, slidably
mounted on drive shaft 16, slidably mates with an lnner surface of
opening 33 which is spherically concave (n shape., Slant plate 30
includes arm 31 having slot 32 in which pin 22 is inserted. Cam cotar
20 and slant plate 30 are joined by hinged joint 40 including pin 22 and
slot 32, Pin 22 is able to slide within slot 32 so that the angular posi-
tion of slant plate 30 can be changed with respect to a longitudinal

axis of drive shaft 16,

Wobble plate 50 is rotatably mounted on slant plate 30 through
bearings 31 and 32. Rotation of wobble plate 50 is prevented by fock-
shaped slider 60 which is attached to an outer peripheral end of wob-
ble plate 50 and Is slidably mounted on sliding cail 61 teld between
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front end plate 14f and cylinder block 12. In order to slide slider 60
on slidinig rail 61, wobble plate 50 wobbles without rotatlon even
though cam rotor 20 rotates.

Cylinder block 12 has a plurality of annularly arranged cylin-
ders 70 in which respective pistons 71 slide. All pistons 71 are con-
nected to wobble plate 50 by a corresponding plurality of connecting
rods 72. Ball 73 at one end of rod 72 Is received in socket 75 of pis-
tons 71, and ball 74 at the other end of rod 72 is received in socket 51
af viobble plate 50. [t should be understood that, although only one
such ball socket connection is shown in the drawings, there are a plu-
rality of sockets arranged peripherally around wobtie plate 50 to
receive the balls of various rods 72, and that each piston 71 is formed
with a socket for receivring the other ball of rods 72.

Rear end plate L4r Is shaped to define suciion chamber 141 and
discharge chamber 142. Valve plate 15, which Is fastened to the end
of cylinder block 12 by a plurallty of screws (not shown) together with
rear end plate 14r, is provided with a plurality of valved suction pocts
151 connected between suction chamber 141 and respective cylinders
70, and a plurallty of valved discharge ports 152 connected between
discharge chamber 142 and respective cylinder: 70. Suitable reed
valves for suction ports 151 and discharge ports 132 are described In
U.S, Patent No, 4,011,029 issued to Shimlzu, Gaskets 15a and 15b are
placed between cylinder block 12 and an Inner surface of valve plate
15, and an outer surface of valve plate {5 and rear end plate l4r, to
seal the mating surfaces of cylinder block 12, valve plate L5 and rear
end plate l4r. Suction {nlet port 14la and discharge outlet port i42a
are formed at rear end plate l4r and connect to an extecnal fluid
cireuit,

A variable displacement actuation mechanism comprisas a flrst
valve control device 81 and a second valve control device 82, The
devices actuate the displacement of slant plate 30 with respect to
drive shaft 16.

Flrst valve control device 81 [ncludes a bellows valve 811
which Is disposed within chambter 812 formed in c¢ylinder block 12.
Chambher 812 is connected to crank chamber 13 through a hole or




passage 813 formed in cylinder block 12, and is also connected to suc-
tion chamber 141 through & hole or passage 814 formed in valve plate
15. Hole 813, chamber 812 and hole 814 provide fluid communication
between crank chamber 13 and suction chamber 141. Bellows valve
811 comprises bellows element 81la of which one end is attached to
an inner end surface of chamber 812, and a needle valve element §11b
which Is attached to the other end of bellows element 811a in order to
face hole 814. Bellows element 8lla s axially expanded and con-
tracted In response to crank chamber pressure thereby causing needle
valve element 811b to ciose and open hole 814 to Keep the crank
chamber pressure generaily constant, Accordingly, first valve control
device 81 controls fluid communication between crank chamber 13
and suction chamber 141 to keep the crank chamber pressure gener-
ally constant in response to changes In the crank chamber pressure.
When the crank chamber pressure is kept constant, the suction cham-
bar {s also kept generally constant.

Second valve control device 82 includes solenold valve 821
which s disposed within control chamber 822 formed In rear end plate
14r. Solenold valve 821 comprises a casing 821a which encases con-
trol chamber 822, electromagnetic coil 821b and needle valve element
82l¢, Electromagnetic cofl 821b surrounding needle \alve element
821c s disposed within casing 821a, Holes 821d and 82le are formed
in casing 82la. Hole 821d Is formed at a top partion of casing 821a
and faces later mentioned hole 823, Hole 82le Is formed at a lower
side wall portion and faces a hale 824 formed at partition wall 143.
Needle valve element 821¢ Is urged toward hole 821d by restocing
force of blas spring 821f. A wire 82lg conducts a later mentioned
signal generated at a location outside the compressor to electromag=
netic coll 321b. Hole 823 Is formed In valve plate L5 and connects
hole 821d and a canduit 825 formed {n eylinder block 12, Therefote,
crank chamber 13 Is In fluld communication with control chamber 822
through conduit 825, hole 823 and hole §21d. Control chamber 822
communicates with suction chamber 141 through hole 821e and hole
824, When the external signal does not energize electromagnetic coil
821b, needle valve element 82lc closes hole 821d by virtue of the
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restoring force of bias spring 8. : su Shat the communication betwean
crank chamber 13 and suction chamber 141 is blocked. When the
external signal energizes electromagnetic coil 821b, needle valve ele-~
ment 821c moves right in viewing Figure 1 and against the restoring
force of bias spring 821f so that crank chamber 13 communicates with
suction chamber 141 via conduit 825, hole 823, hole 821d, control
chamber 822‘,‘ hole 821e and hole 824, When communication between
crank chamber 13 and suction chamber 141 is edtablished through
condult 825 by the operation of second valve control device 82, the
operation of first valve control device 81 is overridden. |
Furthermore, the construction of solenoid valve 821 may bé

E'-.,, "~ modifled in a manner such that the closing of needle valve element

et 82lc is retarded by"Spring 821f., Accordingly, the external signal
eger would have to be reversed to appro“priatel‘y actuate the valve,

"' . | Referring to Figure 2, a schematic block diagram of one refrig=

':.J‘“f ‘ ‘era‘tlng‘ circuit inCLuding \he compressor depi“cted‘ In Flgure L Is
A ~ shown. A refrigerant gas compressed by compressor 10 flows into a

condenser 201 where it is condensed, The condensed refrigerant flows
into evaporator 203 after passing through expansion valve 202, After .
passing through évaporator 203, the evaporated gas returnps {v com-=

T : pressob 10. A pressure actuation device 204 includes switch 204s and

‘:'::’ works in response to the sensed pressure in the outlet portion of evap=

o orator 203 (a thermodyriamle characteristic rslated to the
I " %ed evaporator), : o

‘:"'E The operation of pressure actuation devices 294 will ke

. described heteafter. When R14 is selected as a refrigerant, pressure

¢ toee device 204 Is set to close pressure device switch 204s when the pres-

sure in the evaporator outlet-portion s sensed to be or reaches (l,e,, i¢
greater than or equal to) 2.3.kg/em? * G, whetein G I gauge pressure,
S0 that an "on" signal Is sent to solenold valve 821 of second valve
control device 82, The signal energlzes electromagnetic coll 821b
thereby opening the solenold valve and causing maximum displace=
ment of slant plate 30 so that maximum compression Is achieved. On
the other hand, pressure device 204 Is also set to apen switeh 204s
when the pressure In the evaparator outlet portion Is sensed to fall to
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(or below) 2.1 kg/cm2 * G, which is the lower most point hefore frost
forms on the evaporator surface. As a result, an "off" signal is sent to
solenoid valve 821 of second valve control device 82. The signal
deenergizes electromagnetic coil 821b thereby closing the solenold
valve, allowing slant plate 30 to retract from maximum displacement
and preventing frost formation on the evaporator suriace.

Referring to Figure 4, the cool down characteristi.s of the
above mentioned refrigerating circuit during the air conditioning pro-
cess using fresh air intake, will be descrited hereafter. . In Figure 4,
the solid line, dotted line and dashed line show the pressure in the
evaporator outlet portion, the pressure of th¢ compressor suction
chamber and room (e.g., automotive passenger compartment) temper-
ature, respectively, fYhen the passenger compartment provides a high
heat load, which, for exampie, commonly occurs after the automobile
has been left unattended for a while during summer, and the air con-
ditioning system is then turned on, pressure device 204 subsequently
actuates pressure device 2045 to send an "on" signal to solenoid valve
821 due to the pressure in evaparator outlet portion reaching or being
. ave 2.3 kg,/crn2 ' G, which is indicated as P2, Accordingly, electro-
magnetic coil 821b is .energized so that needle valve element 821c
opens hole 821d to communicate crank chamber 13 and suction cham-
ber 14L. As a result, compressor 10 operates with slant plate 30 at a
maximum slant angle, 1.e., with maximum displacement, so that the
pressure in the evaporator outlet portion and the pressur: in the suc-
tion chamber fall quickly as shown in Figure 4 up to time tj. When
the pressure In the evaporator outlet portion falls to 2.1 k,g/cm2 * G,
which is indicated as P1, (time t; has elapsed) pressure device 204
deactivates pressure device switch 204s so that an "off" signal is sent
to solenoid valve 821. Accordingly, electromagnetic coil 821b
deenergizes so that ngedle valve element 82lc cloges hole 821d to
block the communication between crank chamber 13 and suction
chamber 141, After closing hole 821d, first valve coatrol device §1
solely controls communication between crank chamkber 13 and suction
chamber 141 In response to changes in crank chamber pressure swhile
keepling suction chamber ressure generally at 2.0 kg/cmg * Q. Even
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if the suction chamber pressure is kept at 2.0 kg/cm2 * G, the pres-
sure 4t the evaporator outlet may exceed 2.3 kg/cm2 * G. regardless
of pressure loss between the evaporator and compressor which occurs
during large heat loads, i.e., whep the air to be cooled is at a rela-
tively high temperature. When the pressure of evaporator outlet por=
tion Is sensed to exceed 2.3 kg/cm2 * C again, pressure device switch
204s Is actuated so as to excite electromagnetic coil 821b. . As'a
result, the pressure in the evaporator outlet portion and the pressure
in the suction chamber fall quickly as shown In Flgure 4 tetween t)
and t9. When the pressure in the evaporator outlet pcrtion falls to 2.1
kg/czn2 * G, pressure device switch 204 cuts off the "on" signal so as
to release the excitation of electromagnetic coil 821b. Once more,
first valve control dévice 81 controls the compressor crank chamber
and suction pressures. The above menticned process is continuously
repeated until the pressure In tiie evaporator outlet portion does not
rise to 2.3 ,kg/cm2 * G wl:en first valve control device 81 is solely con-
trolling the compressor pressures. In Figure 4, elapser time tg shows
the end of the repeated process; l.e., the on-off signal cycles. After
tg, first valve cuntrol device 81 solely and continuously controls the
compressor crank chamber and suction pressures, First valve control
device 81 Is set to keep or stabilize the suction chamber at a level
above the refrigerant pressure level where frost would form on the
evaporator, but below Pl. This assures that the refrigerant pressure
at the evaporator outlet does not rise to an unacceptable cooling level
when the override function of the second control device ceases (after
ta)

Referring to Figure 3, another refrigerating circuit inecluding
the compressor depicted In Flgure 1 Is shown. I[n this refrigerating
circuit, a thermal device 214 is used {nstead of pressure device 204 of
Flgure 2. Therm@l device 214 includes switch 214s to send "on" or
"off'* signals to solenold valve 821 of second valve control device 82 in
response to the temperature of the air leaving evaporator 203
(another thermodynamic characteristic related to the evagiorator).
For example, when the temperature reaches 4°C, thermal device 214
actuates switeh 214s so as to send an "on" signal to solenold valve 821.
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On the other hand, when the temperature fz2lls to 1°C, thermal
devire switch 214s causes an "off" signal to be sent to solenoid valve
821.

In the above mentioned embodiments shown in Figures 2 and 3,
second valve control device 82 works in response to the pielsure in
the outlet portion of evaporator 203 and the tzmperature of the air
leaving evaporator 203. respectively, as the thermodynamic charac-
teristic related to evaporator 203. However, othar thermodynamic
characteristics related to evaporator 203 can be used far cperating
second valve control device 82, for example, heat load on evaporator
203, the temperature of air approaching evaporator 203, the tempera-
ture of refrigerant within the outlet portion of evaporator 203 and the
surface temperature’bf a fin of evaporator 203.

Furthermore, all these thermodynamic characteristics related
to evaporator 203 have certain relations to one another through for-
mulas or equations. .

Referring to Figure 5, still another refrigerating circuit includ-
ing compressor 10 of Figure 1 is shown. This refrigerating ciccu,.
comprises a control circuit 221-226 respansive to sensing circuits 2..
and 222 to control the "on" time of solenoid valve 821, The duty c¢ycle
(time period when valve 821 is on) for solenoid valve 821 is controlle
In accordance with the steniwise duty ratio determination of Figure ¢
in addition to the on-off control depicted in the functions of refriger-
ating circuits shown In Figures 2 and 3.

A control of the duty ratlo {n the refrigerating circuit of Figure
5 will be described hercaiter. One outer signal which indlcates a
measured surface temperature of a fin of evaporator 203 sensed by
thermal sensor 220 is sent to comparator 221 as a first input signal
thereof. A predetermined temperature range setting circuit produces
a second input signal which represents d vang® fre7: 4°C as the upper
imit value to L°C as the lower limit value, for example, in 0.6°C
steps. Comparator 221 compares the first Input signal to one of the
steps of the range of second input signals, and sends a signal which
indicates that the first input signal is within the steptwise range of the
second Input signal and an output Is provided of the determination to
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duty ratio decision circuit 223. Circuit 223 decides an appropriate
duty cycle for solenoid valve 821 as follows. Referring to Figure 6,
when the first input signal is within the predetermined range of 1° to
4°C, the duty ratio Is determined by the depicted stepwise curve
which provides a duty ratio which decreases in accordance to the
decreasing temperature va.se of the first input signal as shown. An
output signal relating to the appropriate duty ratio is produced in cir=-
cuit 223 and is provided to a pulse width modulation circuit 224, Pulse
width modulation circuit 224 produces a control signal for controlling
wave oscillator 225 to provide a pulse stream having a predetermined
width in accordance with the signal from circuit 223, The pulse
stream provided by square wave oscillator 225 is amplified by a power
amplifier, and provides for controlling the duty cycle of solenoid
valve 821. Solenoid valve 821 receives an "on'" signal during pulse
peaks,

Referring to Figure 7, yet another refrigeratiny circuit includ-
ing the compressor shown in Figure 1 is shown. In this refrigerating
circuit, "on" time (duty cycle) of solenoid valve 821 is controlled by a
duty ratio in response to a signal similar to the contro! signal for the
refrigerating circuit shown in Figure 5. However, {n this embodiment,
the duty ratio in this refrigerating circuft is determined from a con-
tinuous curve according to Figure 8.

Thus, a control of the duty ratio of this refrigerating control
circuit may be descritied as follows, The first signal which represents
the surface temperature of the fin of evaporator 203 sensed by ther-
mal sensor 220 Is transmitted to amplifier 231 for amplification. The
amplified sensor signal Is sent to a comparator 232 through a variable
resistor 233, A sawtooth wave provided by a sawtooth wave oscillator
234 is,sent to the comparator and is sliced by the amplified sensor
signal. A slicing level is proportionate to an intensity of the first
signal so that various pulses are produced at the output of comparator
232 in accordance to the intensity of the first signal, In addition, the
slicing level Is adjusted by variable resistor 233, The pulse produced
by comparator 232 Is amplified by a power amplifier, and sent to sole-
noid valve 821. Solenoid valve 821 recelves an "on" signal during



-15-

pulse peaks of the provided output pulse stream of comparator 232.
Further, it Is well known to produce. various width pulses {ndicating
different duty ratios by slicing a sawtooth wave. One example of a
duty ratio control of solenoid valve 821 in this refrigerating circuit is
shown in Figure 8. In this example, the duty ratio of the output of
comparator 232 is set at 0% ‘when the surface temperature of tae
evaporator fin is under the lower limit value (+1°C), and Is set at
100% when the surface temperaturz is over the upper limit value
(+4°C) and then is set in the range of 5% to 95% continuously when
the surface temperature is between the lower limit value and the
upper limit value.

A refrigerating circuit in which solenoid valve 821 is controlled
by only continuously “on" or "off" signals, as shown in Figures 2 and 3,
is suitable for the variable displacement compressor in which the var-
iable displacement mechanism works slowly in response to changes in
the heat load. On.the other hand, a refrigerating circuit in which
solenoid valve 821 is controlled by a duty ratio control circuit as
shown in Figures S or 7 is suitable for the variable displacement com-
pressor in which the variable displacement mechanism works quickly
in response to changes in the heat load.

Furthermore, in the above mentioned embodiments, a device
which controls the fluid communication path between the crank
chamber and the suction chamber in response to the c¢rank chamber
pressure is used for the first valve control device. However, the pre-
sent {nvention allows use of other types of devices as the first valve
control device. For instance, a device which controls the fluid com-
munication path between the crank chamber and the suction chamber
in regponse to the suction chamber pressure may be used.

The present lnvention has been descrited in detail in connec-
tion with preferred embodiments. These embodiments, however, are
merely for example only and the invention is not restricted thereto,
It will be easily understood by those skilled in the art that variations
and modifications can easily be made within the scope of this inven-
tion as defined by the appended clalms.




THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A refrigerating system including a refrigerant
circuit, comprising a condenser, evaporator and compressor,
the compressor including a compressor housing having a
central portion, a front end plate at one end and a rear end
plate at its other end, said housing having a cylinder block
with a plurality of cylinders and a crank chamber, a piston
slidably fitted within each of said cylinders; a drive
mechanism coupled to said pistons to reciprocate said
pistons within said cylinders, said drive mechanism
including a drive shaft rotatably supported in said housing,
a rotor coupled to said drive shaft and rotatable therewith,
and coupling means for drivingly coupling said rotor to said
pistons such that the rotary motion of said rotor is
converted into reciprocating motion of said pistons, said
coupling means including a member having a surface disposed
at an incline angle relative to said drive shaft, said
incline angle of said member being adjustable to vary the
stroke length of said pistons and the capacity of said
compressor, said rear end plate having a suction chamber and
a discharge chamber, variable displacement control means for
controlling angular displacement of said adjustable member
comprising first valve control means for controlling fluid
communication between said crank chamber and said suction
chamber in response to changes in refrigerant pressure in
sald compressoxr, said first valve control means comprising a
first passageway providing fluid communication between said
crank chamber and said suction chamber and first valve means
for controlling the opening and closing of said first
passageway to vary the capacity of the compressor by
adjusting the incline angle, said first valve means
comprising a first valve to directly open and close said
first passageway, said variable displacement control means
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further comprising second valve control means for
controlling fluid communication between said crank chamber
and said suction chamber in response to a signal generated
outside of the compressor, said second valve control means
comprising a second passa@geway providing fluid communication
between said crank chamber and said suction chamber and
second valve means for ccntrolling the opening and closing
of said second passageway to vary the capacity of said
compressor by adjusting the incline angle, said second
valve means comprising a second valve to directly open and
5- close sald second passageway and override the operation of
soee said first valve, and means for controlling the generation
enee of said signal in response to at least one thermodynanic
characteristic related to the evaporator as compared to two
distinct boundary values.

2. The refrigerating system of claim 1 wherein at
least one said thermodynamic characteristic is the pressure
at the outlet portion of the evaporator.

3. The refrigerating system of claim 1 wherein
«**’¢ said at least one thermodynamic characteristic is the heat
o« v load at the evaporator.

4. The refrigerating system of claim 1 wherein
v said at least one thermodynamic characteristic is the
temperature of air approaching the evaporator.
5. The refrigerating system of claim 1 wherein
. said at least one thermodynamic characteristic is the
csesse  temperature of air leaving the evaporator.

6. The refrigerating system of claim 1 wherein
said at least one thermodynamic characteristic is the
temperature of refrigerant within the outlet portion of the
evaporator.

7. The refrigerating system of claim 1 wherein v
said at least one thermodynamic characteristic is the
surface temperature of a fin of the evaporator.

e~
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8. The refrigerating system of claim 1 wherein the
signal generating control means comprises a signal
generating means for generating the signal, the signal
generating means responsive to predetermined range setting
means for establishing a priédetermined range of values of
said at least one thermodynamic characteristic in accordance
with said two distinct boundary values.

9. The refrigerating system of claim 8 wherein the
signal generating control means provides stepwise signal

control within the predetermined range of the predetermined
R range setting means.

- e E—
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10. The refrigerating system of clalm 8 wherein the signal
generating control means provides. continuous signal control within
the predetermined range setting means.
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11. The refrigerating system of claim 8 wherein the output
signal of said signal generating means comprises a pulsed signal hav-
ing a determined duty ratio, the duty cycle of said second valve con-
trol means of said variable displacemeant control means being respon-
sive to the duty ratio of sald pulsed signal output.

12, The refrigerating system of claim 11 wherein the duty
ratio of said pulsed signal output is'determined in stepwise range rela-
tionship to the range bet,veen the two distinet boundary values.

13. The refrigerating system of claim 11 wherein the duty
ratio of said pulsed ;ignal output is determined In continuous range
relationship to the range between the two distinct boundary values.

14.  The refrigerating system of claim 1 wherein said signal
generating control means includes sending means for sending an on
signal to said second valve control means in response to said at least
one thermodynamic characteristic being at or above the upper dis-
tinct boundary value,

15, The refrigerating system of clairn 14 wherein said send-
ing means further sends an on signal when siid thermodynamic char-
acteristic descends from at or above the upper boundary value toward
the lower boundary value.

16.  The refrigerating system of claim 1 wherein sald signal
generating control means includes sending means for sending an off
signal to said second valve control means in response to sald at least
one thermodynamic characteristic being at or below the lower dis-
tinct boundary value thereby causing the first valve control means to
solely control the capacity of \he compressor,

17.  The refrigerating system of claim 16 wherein sald send-
ing means further sends an off signal when said thermodynamic char-
acteristic ascends from at or uelow the lower boundary value toward
the upper boundary value thereby causing the first valve control
means to solely control the capacity of the compressor.
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18.  The refrigerating system of claim 1 wherein the lower
distinct boundary value corresponds to a value slightly above the frost
point of said evaporator.

19, The refrigerating system of clalm 1 wherein said first
valve control means controls sald suction chamber pressure to be gen-
erally constant at a level above a refrigerant pressure level where
frost forms on the evaporator and below the pressure converted from
the lower distinct boundary value,

20. A method for varying the displacement of a slant plate
compressc: by varying the Incline angle of an Inclined drive member
of the compressor by controlling fluid communication between a suc-
tion chamber and a crank chamber of the compressor comprising the
steps of:: ’

sensing a thermodynamic characteristic related to the
evaporator;

operating a valve control means to provide communica-
tlon between the suction chamber and the crank chamber whenever
the thermodynamic characteristic Is sensed to be above a first bound-
ary value;

continuing the operation of the first mentioned valve
control qgins to prov1de communication between the suction cham-
ber and the crankyas the thermodynamic characteristic is sensed to be
proceeding from the first boundary value downward to a second iawer
boundary value;

ceasing the operation of the first mentioned valve con-
trol means when the thermodynamic characteristic is sensed to mave
below the second boundary value;

controlling communication between the suction chamber
and crank chamber by operating another valve control means respon-
sive to refrigerant pressure In the compressor wheh the thermody-
namic characteristic Is sensed to be moving upward (rom below and
toward the first bounddry value; and

overriding the operation of the other valve control
means and operating the first mentioned valve control means {f the

e
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thermodynamic characteristic is sensed to move above the
first boundary value.

21. The method of claim 20 wherein the pressure at
the outlet portion of an evaporator in a refrigerating
system including the compressor is the sensed thermodynamic
characteristic. ‘

22, The method of claim 21 wherein the lower
boundary value is a pressure above the pressure level at
which frost would form on the evaporator.

23. The method of c¢laim 21 wherein the other
control valve means operates to provide communication
between the suction chamber and the crank chamber so as to
keep the suction pressure at a level above the pressure
level at which frost would form on the evaporator but below
the lower boundary value,

24, The method of claim 20 wherein the heat load at
the evaporator is the sensed thermodynamic characteriselr

25, The method of claim 20 wherein the ser sd
thermodynamic characteristic is the temperature of air

~approaching the evaporator.

‘ 26, The method of claim 20 wherein the‘sensed
thermodynanmic characterietlc is the temperature of air
leaving the evaporator.

27, The method of claim 20 wherein the sensed
thermodynamic characteristic is the temperature of
refrigerant within the outlet portion of the evaporator.

28, The method of claim 20 wherein the sensed
thermodynamic characteristic is the surface temperature of a
f£in of the evaporator.

29, A refrigerating system including a refrigerant
circuit substantially as hereinbefore described with
reference to the accompanying drawings.

[T R —
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30, A method of varying the displacement of a slant
plate compressor substantially as herelnbefore described
with reference to the accompanying drawings.

DATED THIS 7TH DAY OF MARCH 1991

SANDEN CORPORATION
By Its Patent Attorneys;

GRIFFITH HACK & CO.,
Fellows Institute of Patent Attorneys
of Australia
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