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This invention relates to a control arrangement for re-
frigeration systems, and more particularly to a control
arrangement for refrigeration systems operable to selec-
tively heat and cool.

Reverse cycle refrigeration systems, commonly referred
to as heat pumps, may include.an arrangement for de-
frosting the systera outdoor coil to restore system effi-
ciency impaired through the formation of frost and ice
thereon. While outdoor coil defrosting arrangements
may assume various forms, a problem attendant with all
forms is that of control, control of defrost initiation, dura-
tion, and termination in order that the outdoor coil may
be effectively defrosted when necessary in the ~shortest
possible time.

A usual method of defrosting the outdoor coil of a
reverse cycle refrigeration system operating on the heat-
ing cycle is to revert to cooling cycle operation. By this

arrangement, relatively hot gaseous refrigerant discharged"

from the system. compressor is directed to the outdoor
coil. However, operation of the system on the cooling
cycle to effect removal of frost and ice from the outside
coil interrupts the heating cycle.and exfracts heat from
the area being conditioned.  In systems which utilize this

method for defrosting the outdoor coil, the system may -

start up on the defrost or cooling cycle in response. to a
demand for heat, This is undesirable -and unnecessary.

With the above discussion in mind, it is a principal
object of the present invention to provide a new and im-
proved defrost control arrangement for reverse cycle re-
frigeration systems.

1t is a further object of the present invention to provide
a control arrangement afnd method of conirol for a re-
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up of the system on the defrost cycle when the compres-

- sion means is energlzed
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The invention further relates to a method of operatmgr
a reverse cycle refrigeration system selectively energizable
to heat and cool an enclosure having means for removing

. frost.accumulated on the outdoor coil in which the steps

consist in sensing outdoor coil conditions, periodically.
closing a switch for g relatively short interval, actuating
the frost removing means on the occurrence of an outdoor
coil condition during closure of the switch, bypassing the
switch to maintain actuation of the frost removing means
upon opening of the switch at the expiration of the rela-
tively short interval, sensing energization of the system
compressor, and limiting actuation of the frost removing
means to’ periods when the system compressor.is ener-
gized to prevent start-up of the system on the defrost
cycle. :

Other objects and features of the invention will be ap~
parent from the ensuing specification and' drawings in
which:

FIGURE 1 is a diagrammatic view of a reverse cycle
refrigeration system forming the subject of this invention;
and

FIGURE2 is a wiring diagram of an electric circuit for
controlling the reverse cycle refrigeration system shown
in FIGURE 1.

Referring more -particularly to FIGURE 1 there is

. shown for the purpose of illustrating this invention an
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verse cycle refrigeration system effective to prévent start-

up of the system on the cooling or. defrost cycle in re-
sponse to a demand for heat. ;

It is an additional object-of the present invention to
provide an improved control arrangemient and. method

-of control for a reverse cycle-refrigeration system effec-
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tive to prevent the defrost controlling mechanism from -

assuming a- defrost 1n1t1at1ng position while the system

. -compressor is inoperative.

This invention relates to & control arrangement for a

* reverse cycle refrigeration’ system having' comptession
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means, an outdooor coil, refrigerant metering means, and -

an indoor coil connected in refrigerant flow relationship
operable upon energization: of the compressioh means to
cool, and reverse means effective to connect the compres-
sion’ means, indoor coil, refrigerant metering means, and
outdoor “coil ‘in refrigerant  flow 1elaft10nsh1p operable

-upon energization of the compression means,to heat, com-

prising in combination means for: defrosting the outdoor
coil including first means actuated in response to a pre-
determined outdoor -coil condition to ready the- defrost-
ing means for operation, second means periodically actu-
ated to ready the defrosting mieans for operation, the de-

-frosting means being tesponsive to the' 51mu1ta11eous actu-

-ation of the first and second means to defrost the ‘out-:
door coil, the second means being adapted to terminate
outdoor coil defrost after. a. predetermined time interval,:

the. first- means.infervening to terminate outdoor . coil de-
frost during the predetermined time interval in response
t0 a second outdoor ‘coil condition, and means for ren-
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air-to-air _heat pump employing a. refrigeration system
operable under the reverse cycle principle. In apparatus
of this ‘type, a.first heat transfer coil is disposed within
the area’to be conditioned by the heat pump and a second
coil is located outside the area, usually in the ambient.

Compressor 1€ discharges relatively hot gaseous re-
frigerant through discharge line 11 to the reversing means.
12, preferably a four-way reversing valve, which is em-
ployed for the purpose of reversing refrigerant flow:
through a portion of the system in order to obtain the de-_
sired heating and cooling effects. From reversing means’
12, controlled by the operation of the solenoid 13 in a
manner later to be described, the hot gaseous refrigerant
flows during cooling cycle operation through line 14 to
outdoor heat exchange coil 15 wherein condensation of
the -gaseous. refrigerant occurs. as ambient air-is passed
over the surface of outdoor coil 15 by fan 20.

The condersed hqmd refrigerant . flows from coil 15

" through suitable expansion means 16 to indoor heat ex--

change coil 17, serving as an evaperator during the cool-
ing cycle. - Line 22 having check valve contrcl 27 operable

) to permit flow in the direction shown by the solid line ar-

row provides a path for refrigerant flow aroind expansion
means 28.. - The expansion means 16 provides the requisite
pressure ‘drop between: the - heat exchange- coils 'in the
refrigeration system during cooling cycle opelati'on

In indoor heat exchange coil 17, refr;geran‘c is vapot-

. ized as heat is extracted from the stream of air delivered

. over ‘the.'itdoot coil by fan 21.

Vaporous refrigerant.

- 'so formed’ flows. through line 18 to reversing valve 12
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65
.is actuated to place line 18 in’ communication with, dis-.
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dering the défrosting means lnoperable in response to de-::

‘ energlzatlon of the compressxon means o prevent “start~+’

't0 'the “air within the area to be treated. “The

from ;whence the refrigerant flows tbrouvh suction. line

19 back to compressor 18-to complete the refrlgel ant flow

cycle, .. .
Each of the fans 4@ and 21 ma v be driven by smtable‘
drive -mechanism, for: cxampl electuc nloxors 25 and
26 respectlvely : o
To_heat'the area to be treated the reversmg valve 12

charge line’'11.. Under these circumsiances heat' from .
the hot gaseous refrigerant flowing into coil 17 is rejected
réjection” .
of heat from the reifrigerant converts the gasgous tefrig- -,
erant to liquid. refrigerant -which' flows through. expan--

_-.sion means 28 to cutdoor coil 15, which now functions
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as an evaporator. Line 29 having check valve control
31 operable to permit flow of refrigerant in the direction
shown by the dotted line arrow, mov;dev a path for re-
frigerant flow arcund P*'pammp means $6. - The vapor-
ous refrigerant created in outdoor coil 5 as a result of
heat transfer between the 1eL11gu1ant and the ambient
air flows throvgh reversing valve 12 into suction line 19
back to compressor 18. Expansion means 28 provides
the requisite pressure drop betweea heat exchange coils
in the refrigeration system during heating cycle opera-
tion,’ ’

A suitable Iow pressu
nected to the suction 1
trol 23 actuates a switch in
be later described.

As above noted, the refricera"ion system may be
capable of providing sufficient heat to the area to be
treated dmmnr heating opdatlon especially when the
heat pun:p is used in geographical areas which are subject
to low outdoor ambient temperatures. An auxiliary
heater 24 which consists of a suitable high resistance wire
through which: current is adapted to be selectively passed
may be used to p1ov1db supplementary- heat. Thus the
air, heated to a certain degree by being induced through
heat exchange coil 17 by fan 21; is further heated by be-
ing passed over resistance wire 24 which is energized
upon closing of switch 188,

Referring to FIGURE 2 of the drawmgs a suitable
source of aliernating current (not shown) is adapted to
supply current via leads L1 and L2 to a primary control
circuit. - ¥t will be understood that the system can op-
erate on three-phase current, if it is sumbly modified.

The motor 30 for drxvmg compressor 18 is energized
when contacts-32 and 32 are closed. A contactor coil
35 for closing contacts 31 and 32'is prdvided.

A timer motor 37 for controlling energization of com-
pressor. motor 38 in response to a demand for heating
or cociing is provided. - Timer motor 37 drives a suitable
switch -actuating mechanism, such as cam means opera-
tive to move timer switches 39 and 49 between the posi-
tion shown in solid lines in FIGURE 2 of the drawings
and that shown in dotted lines. Timer switch 39, when
in the solid line position, connects contactor coil. 35 in
series with control switch 42 and switch 43 across leads
L1 and L2. - Timer switch 49, when in the solid line posi-
tion, connects timer moter 37 in series with switch 49
across leads L1 and L2.
switch 43 and opening switch 49 is provided parallel to
contactor coil 35 across leads L1 and L2 in series with
control switch 42 and switch 43. - Timer switch 39, when
in the dotted line position, bypasses switch 43. ‘Timer
switch 49, when in the doited line position, connects
timing motor 37 in series with control switch 42 across
lzads LY and L2.

Cutdoor fan motor 25 is connected in series wnh a
. control switch 54 and defrost switch 55 across leads 11
and L2. . Reversing valve solenoid 13 is connected’ across
leads L1 and L2 in series with aeﬁoct sw1tch 55 ang re-
versing valve switch 86, -

A defrost relay coil 58 adaDted When energlzed to ini-
tiate defrosting of ocutdcor coil 15 is connected:in series
with defrost therrostat 60 across leads LY and L2." De-
frost timing motor 62 is connected in series,across leads
L1 and L2Z. The output shaft of defrost timing motor 62
is operatively connected by a suitable miechanism; such
as cam means to a pair of defrost timer switches:64, 65
positicned in series with defrost relay coil 58 across
leads L1 and L2. ‘Defrost switch 79. parallels defrost

utout confrol 23 may be con-
‘Low pressurs cutout con-
ihe electrical circuit as will
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A relay coil 5¢ for closing.

&
ner to be more fully explained hereinafter. Indoor fan
metor 26 is connected in series with indoor fan switch
72 across leads Li and L2.

The spcondary control circuit may be elccmcally con-
nected to the primary control circuit by means of a trans-
former 74. Included in the secondary circuit is a room
thermostat 75 comprising a two-stage heating thermostat
and a single-stage cooling thermostat. The first stage
of a heating thermostat 74 is in series with reversing valve
relay 77. ‘The sscond stage heating thermostat 7% is in
series across outdoor thermostat 81 and resistance heater
relay 82.  When energized, relay 82 closes switch- 189 to
energize resistance heater 24. Defrost relay switch 86
is disposed across heating thermostats 76 and 79. Switch
86 is closed during the defrost operation to energize the
resistance heater 24 in a manner to be more fully ex-
plained hereinafter.

Aldso provided in the secondary control circuit are fan
switch 87 which may be manually moved from an auto-
matic position shown in solid line to a continuous operat-
ing Dcaition, shown in dotted line, and indcor fan relay
9% in series therewith.

A control relay 92 is in series across the secondary
civcuit with a first low pressure switch 83 and cooling
thermostat 89, Low pressure switch 83 is normally
closed. A circuit -connecting a second low pressure
switch 84 and defrost relay switch 85 in series parallels
low pressure switch §3. Closure of switches -84 and §5
bypasses low pressure switch §3. Low pressure switches
€3 and 84 are opened and closed respectively in response
to a predetermined suction pressure as sensed by low
pressure cutout control 23.

Operation

‘During cooling operation, the ccoling thermostat 8§38
of the room thermestat 75 will close in response to a
predetermined dcmand for ccolifxb Assuming that the
indoor fan switch arm 87 is in the solid line position per-
mitting automatic opemtmn thereof, indocr fan relay 94
is energized to close indoor fan relay switch 72 in the
primary control circuit thus energizing indoor fan motor
26. »

At the same time fan control relay $2 is energized to
close control switches 42 and 54. A first circuit is com-
pleted via lead L1, normally closed defrost relay switch
55, control switch 54 and lead L2 to energize outdoor
fan motor 25. A second circuit is completed via lead
L1, control switch 42, timer switch 32, in dotted line
position, and lead L2 to energize relay coil 58. Relay
coil 59 closes switch 43 and opens switch 42. - A third
-circuit is completed via lead L1, control switch 42, timer
switch 49 and lead L2 to energize the timer motor 27.
After a predetermined interval, the switch actuating
mechanism * driven by timer motor 37 mdves timer

. switches 3% and 48 to the solid line position.
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timer switch 65 and.is connected across leads- LI and L2-

in series with defrost timer switch 64, defrost relay coil

58, and defrost thermostat 68. Defrost timer switch 65,

normally open, and defrost switch 64, normally closed,
are adapted to be periodically closed and opened respec-
tively for ‘a short duration in a predetermined sequence

by the defrost timer motor driven mechanism in a man-_

=3
U

" to drive

Movement of timer-switch 39 to the solid line posi-
tion completes a circuit from lead L1 through control
switch 42 and switch 43 to lead 12 to energize contacior
coil 35, Contactor. coil 35 closes compressor control
contacts 31 and 32 to energize the compressor motor 39
compressor 18, Movement of timer switch 49
to the solid ling position places timer motor 37 in series
with switch 4%, now open, to de-energize the timer motor.

-During ' cosling - operation, compressor 19 forwards

" high pressure ‘vaporized refrigerant through reversing

neans 12 to line 14 and outdoor heat exchange coil 15.
Heat is extracted from the refrigerant by the. air siream
passing over coil 153, condensing the -refrigerant. Con- -
densed refrigerant: passes through metering means 16 to
indoor” heat exchange coil 17 where the refrigerant is
vaporized. .. The vaporized refrigerant returns to com-
pressor 10 through line 18, reversing. means. 12 and
suction line 19.

. Operation of the system -on the heatmf’ cycle is. in-
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itiated ‘by closure of the first. heating stage 76 of the -

room thermostat 75 in response to a demand for heat-

ing.. Closure of first heating stage 76 energizes revers-

ing valve relay 77 to close switches 56 and 85, Closure
of reversing valve switch 56 completes a circuit from lead
L1 ‘through defrost relay switch 55, reversing valve
switch' 56, and compressor control ‘switch 32 to line 12

to energize reversing valve solenoid 13 to move Teversing .

valve 12 to the heating position upon energization of
compressor 10 whereby refrigerant in discharge line 11
" passes through line 18 to indoor heat exchange coil 17.
Closure of reversing valve switch 85 energizes control
relay 92 to close control switches 42 and 54. Closure of

10

control switch 42 effects energization of compressor motor -

30 after a predetermined interval of time as described
heretofore.
gization of outdoor fan motor in the manmner described
heretofore.

Under the heating cycle of operatlon, refngerant flows
from indoor coil 17 through refrigerant metering means
16 to the outdoor coil 18.  Heat rejected to the air pass-
ing over the indoor heat exchange coil warms the air be-
ing supplied to the area being conditioned. The hot
vaporized refrigerant discharged from compressor 18 is
condensed in the indoor coil 17. The refrigerant vapor-
" ized in outdoor coil 15 as a result of heat transfer be-
tween the refrigerant and the ambient air flows through
reversing valve 12 into suction hne 19 back to com-
pressor 10.

During heating cycle operation, ambient conditions
may be such that a coating of frost and/or ice forms on
outdoor coil 15. - The defrost-control means depicted in
FIGURE 2 are operable to sense this accumulation of frost
and/or ice and in response thereto, to temporarily re-
verse the system to cause the system to act on the defrost
--cycle to remove the accumulated frost and/or ice.

Defrost timer motor 62 operates continuously. Pe-
riodically the switch actuating mechanism driven by the
defrost timer motor closes defrost timer switch 65 for a
brief interval. When defrost thermostat 60 senses a need
for defrost and closes, a circuit is completed at the closure
of defrost timer switch 65 via lead L1, defrost timer
switches 64 and 65, defrost thermostat 68, compressor
control switch 32, and lead L2 to energize defrost relay
58. Defrost relay 58 closes defrost relay switch 76 to
provide a holding circuit therefor and opens defrost re-
lay switch 55 to de-energize reversing valve solenoid 13
and outdoor fan motor 25. At the same time, defrost
relay 58 closes defrost relay switch 86 to permit energiza-
tion of the auxiliary resistance heater 24 in a manner to
be more fully explained hereinafter.’

De-energization of reversing valve solenoid 13 permits
reversing valve 12 to move to the position shown in FIG-
URE. 1. of the drawings whereby hot gaseous refrigerant
from the compressor 18:is passed directly to outdoor coil
15 to remove frost and ice accumulated thereon.

As noted, -during the “defrost - cycle, - defrost " relay
switch 55 s open and outdoor fan motor 25:is accord-
ingly de-energized. - It is, however, desirable that the
indoor fan be operative; to provide a loaded evaporator
whereby evaporator head pressure .is maintained to in-
sure the discharge of relatively hot: gaseous refrigerant
from- the compressor. Continted operation of “indoor
fan 2% during the defrost cycle is assured in the follow-
ing manner.. The build-up of ice on outdoor coil 15 re-
sults-in a drop 1n suction pressure. At a predetermined
suction. - pressure,” low" pressure cutout 23 will open
switch- 83-and close switch 84. Closure of switch 84
maintains the circuit through indoor fan relay 99 to keep
*indoor fan.control switch 72 and the indoor fan motor 26
" operating. - -

Upon removal-of ‘the frost and ice from outdoor coil

15 defrost thermostat 60 opens. - Additionally, normally

15

Closure of control switch 54 ‘effects ener- -

6
nism within a predetermined time after closure of timer
switch 65. If defrost thermostat 68 opens within the
predetermined time before timer switch 64 opens, defrost
relay 58 is de-energized to terminate the defrost cycle
in a manner to be described hereinafter.  Should defrost
thermostat 6¢ not open within the predetermined time
before. timer switch 64 is opened by the defrost timer
motor 62, the opening of timer switch 64 de-energizes
defrost relay 58 to terminate the defrost cycle. De-
energization of defrost relay 58 upon the opening of
either defrost thermostat 68 or defrost timer switch 64,
permits ‘defrost relay switch 55 to close completing a
circuit from lead L1 through switch 85, reversing valve
switch 56, and compressor control switch 32 to- lead
1.2 to energize reversing valve solenoid 13 to move revers-
ing valve 12 to the heating position. A circuit is com-

- pleted from the lead L1 through defrost relay switch 55
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. closed timer switch 64 ‘is ‘opened for a brief interval by -

the defrost: timer motor driven switch actuating mecha- -

75

and control switch 54 to lead L2 to energize outdoor
fan motor 25.

If during operation of the system on the heatmg cycle,
the demand for heat exceeds that capable of being sup-
plied by the system alone, second stage heating thermostat
79 of indoor thermostat 75 will close at a predetermined
temperature. In series with the auxiliary heater relay
82 and thermostat 79 is an outdoor thermostat 81.
Outdoor thermostat 81 closes in response to a predeter-
mined outdoor temperature. Closure of both second
stage heating thermostat 79 and outdoor thermostat 81
energizes auxiliary heater relay 82 to close switch 100
energizing resistance heater 24 to provide supplementary
heat.

The heretofore described defrost control arrangement

causes the system to Tevert to cooling cycle operation,
During cocling cycle operation, the indoor coil 17 func-
tions as an evaporator. It is desirable during defrost -
cycle that indoor fan 2% be maintained in operation.
However, the air blown over the indoor coil 17 during
defrost cycle operation is chilled resulting in discomfort
to occupants of the room being conditioned.
In the present heat pump control arrangement, air
discharged into the room by the indoor fan 21 during
the defrost cycle is tempered. This is effected by main-
taining the auxiliary heater relay 82 energized during
defrost cycle operation. As noted heretofore, defrost
relay switch 86 is closed on the defrost cycle. = Closure
of switch 86 completes a circuit through first stage heat-
ing thermostat 76 and defrost relay switch 86 to-energize
heater relay 82 to close switch 18¢ and energize resistance
heater 24.

By the novel control arrangement shown in FIGURE 2
of the drawings, the control circuitry for the defrost
cycle is made dependent for its energization upon actua-
tion of the system compressor. - This ‘dependency is
effected by the positioning of compressor control switch
32 in series with the energizing circuit for defrost relay
58 and reversing valve solenoid 3. ~With this arrange-
ment should the defrost timer motor-driven switch .65
and defrost thermostat 6% simultaneously close  while the
unit’is shut down, the 'defrost relay coil 58 is not erergized
to close the holding switch 7@ to lock the defrost control
circuitry in defrost initiating condition. The unit there-
fore will not, upon closure of the first stage heating
thermostat 76 in response to a demand for heat; start
up -on the defrost or cooling cycle.:

1t is'understcod. that while the defrost-control circuitry
including defrost relay 58-and reversing valve. solenoid
13 are illustrated in series with compressor .control switch
32, the defrost control circuitry may be placed 1n series
with the compressor control switch . 31.

While I have described-a preferred embodiment of the
invention, it will be understood that the invention is not
limited thereto, since it may be otherwise embodied m',
the scope of the followm0 claims. .

I claim: - :

1. In a control arrangement for a reverse cycle refrig-
eration system having Compression means; an outdoor
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coil, refrigerant metering means, and an indoor coil con- -

nected in refrigerant flow relationship operable upon
energization of the compression means-to cool, revers-
ing means effective to connect the compression means,
indoor coil, refrigerant metering means, and outdcor coil
in refrigerant flow relaticnship operable upon energiza-
tion of the compression means to heat, the combination
of means for defrosting the outdoor coil including first
means actuated in response to a predetermined outdoor
coil condition to ready said defrosting means for opera-
tion and second means pericdically actuated to ready said
defrosting means for operation, said defrosting means
being responsive to the substaniially simultansous actua-
tion of said first and second means to defrost said outdoor
coil, said second means being adapted to terminate out-
door coil defrost after a predetermined time interval,

5

10

15

said first means intervening to terminate outdoor coil -

defrost during -said predetermined time interval in re-
sponse to a second outdoor coil condition, and means
for regulating said defrosting means in response to ener-
gization of said compression means to prevent start-up
of the system on the defrost cycle.

2. The control arrangement according to claim 1 in-
cluding a circuit for energizing said compression means,
a circuit for energizing said defrosting means having first
and second switches, actuation of said first means closing

20
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said first switch, actuation of said seccnd mecans closing
said second switch, said regulating means including switch
means. for interrupting said compression means and de-
frosting means energizing circuits to. de-energize said
compression means and prevent completion of said de-
frosting means energizing circuit on closure of said first
and second switches during de-energization of said com-
pression means. :

3. The control arrangement according to claim 2 in
which szid defrosting means energizing circuit includes
a third switch, said second means being operable to open
said third switch within said predetermined time interval
following closure of said first switch to terminate out-
door coil defrost.
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