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(57) The present mnvention mvolves a reversible, dual capacity compressor system. The compressor systems includes a
reversible compressor, a pressure sensor, and a control assembly. The reversible compressor operates at a first capacity
when the compressor rotates 1n a first direction and at a second and lesser capacity when the compressor rotates 1n a
second direction. The pressure sensor 1s coupled to the compressor and generates a high pressure signal and a low
pressure signal. The control assembly 1s coupled to the compressor and the pressure sensor and controls the
compressor to rotate 1n the first direction when recerving a high pressure signal from the pressure sensor and to rotate
1n the second direction when recerving a low pressure signal from the pressure sensor.
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ABSTRACT OF THE DISCLOSURE

The present invention involves a reversible, dual capacity compressor system. The
compressor systems includes a reversible compressor, a pressure sensor, and a control
assembly. The reversible compressor operates at a first capacity when the compressor rotates
in a first direction and at a second and lesser capacity when the compressor rotates in a second
direction. The pressure sensor is coupled to the compressor and generates a high pressure
signal and a low pressure signal. The control assembly is coupled to the compressor and the
pressure sensor and controls the compressor to rotate in the first direction when receiving a
high pressure signal from the pressure sensor and to rotate in the second direction when

receiving a low pressure signal from the pressure sensor.

: : ODMA\PCDOCS\FWDOCS1\81445\1 11



10

15

20

25

CA 02329162 2000-12-20

Kent B. Herrick
Arnold G. Wyatt

MOTOR REVERSAL SWITCHING SYSTEM
BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates to a device for controlling a compressor, and more
particularly to an apparatus for controlling a compressor for reversible, dual capacity
operation.

2. Description of the Related Art.

Economic advantages are provided in the operation of an air conditioning system 1f
the system 1s capable of operating efficiently at a lowered volumetric displacement on mild
days and at a higher volumetric displacement on hot days. Running the system at a lower
capacity reduces the power consumption and increases the life of the system.

Typically, multiple compressors or a single dual capacity compressor have been used
for this situation. The dual capacity compressor operates two pistons in the forward direction
and one piston in the reverse direction. Examples of such a compressor 1s disclosed 1n U.S.
Patent No. 4,248,503 and allowed patent application 09/099,013, which are expressly
incorporated by reference. A reversible compressor motor 1s used to run the compressor in
the forward or reverse direction. Typically, capacity choice is controlled by a standard

mechanical or electronic two stage thermostat.

SUMMARY OF THE INVENTION

The present invention in one form thereof involves a device for controlling a
reversible compressor. The device provides a microprocessor- based control circuit including
a pressure switch that differentiates between high and low load conditions and generates a
control signal representing such conditions. During high load conditions the motor 1s
controlled to rotate the compressor in the forward direction using dual cylinders and during
low load conditions to rotate the compressor in the reverse direction using a single cylinder.
The switchover occurs with the compressor at rest and starts against equalized pressure, a
time delay 1s introduced to effect this. During the time delay induced off time, a signal is
generated to energize a relay to effectuate a switch in the wiring to allow direction reversal.

The present invention provides a reversible, dual capacity compressor system. The

system comprises a reversible compressor, a pressure sensor coupled to the compressor, and a

: : ODMA\PCDOCS\FWDOCS1I\81445\1 1
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control assembly electrically coupled to the compressor and the pressure sensor. The
reversible compressor operates at a first capacity when the compressor rotates 1n a first
direction and at a second capacity when the compressor rotates in a second direction. The
first capacity is greater than the second capacity. The pressure sensor generates a high
pressure signal and a low pressure signal, whereby a high pressure signal indicates a high load
condition and a low pressure signal indicates a low load condition. The control assembly
controls the compressor to rotate in the first direction when receiving the high pressure signal
from the pressure sensor and to rotate in the second direction when receiving the low pressure
signal from the pressure sensor.

An advantage of the present invention 1s that a single stage thermostat can be used to

control the reversible compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned and other features and objects of this invention, and the manner
of attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of an embodiment of the invention taken
in conjunction with the accompanying drawings, wherein:

Figure 1 1s a block diagram of an air conditioning system with the motor reversal
switching system of the present invention;

Figures 2A and 2B are a schematic diagram thereof;

Figure 3 1s a flow chart illustrating the start up routine of the system; and

Figure 4 is a flow chart illustrating the operating routine of the system.

Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplification set out herein illustrates an embodiment of the invention,
in one form, and such exemplification is not to be construed as limiting the scope of the
invention in any manner.

DESCRIPTION OF THE PRESENT INVENTION

Referring to Figure 1 there 1s shown an air conditioning system in accordance with the
present invention which includes air conditioning unit 10, control circuit 20, AC power
source 34, and thermostat control 36. Air conditioning unit 10 includes reversible
compressor 12, main contactor 14 tor controlling AC power to compressor 12, reversing relay
16 for controlling direction of rotation of compressor 12, evaporator fan 18, and pressure

sensor 38 located on suction line 40 or discharge line 42 of compressor 12. The dotted line

: tODMA\PCDOCS\FWDOCS1\81445\1 2
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connection indicates an alternate connection of the pressure sensor to the compressor.

Control circuit board 20 includes DC power supply 22, oscillator 24, thermostat rectifier and
scaler 26, microprocessor 28, contactor control relay 30, and compressor reversing and fan
control relay 32.

5 Referring now to Figures 2A and 2B, DC power supply 22 receives AC power from
source 34 through fuse F1 and converts the AC power to 24 VDC using transtformer TX1 and
rectifier bridge 23 comprised of diodes D5, D6, D7, D8. The 24 VDC 1s supplied to relays
RY1, RY2. The 24 VDC is then converted to 5 VDC using RC filter R3, C2 and voltage
regulator Ul. The 5 VDC 1s supplied to microprocessor 28.

10 Thermostat rectifier and scaler circuit 26 receives an input of 0 or 28 AC volts from
thermostat control 36 and converts that input to a thermostat signal for microprocessor 28 pin
15 using rectifier bridge 27 comprised of diodes D1, D2, D3, D4 and a scaler comprised of
resistors R1, R2 and capacitor C1. The thermostat signal 1s a logic low when the thermostat
1s on and a logic high when the thermostat 1s off.

15 Contactor control relay circuit 30 includes diode D9, resistor R6, capacitors C7, C9,
transistor Q1, and relay RY1. Circuit 30 1s controlled by the output on pin 11 of
microprocessor 28. A logic high on microprocessor 28 pin 11 turns on transistor Q1 allowing
current to flow through the coil of relay RY 1 pulling the connection of COM to NO, which
opens main contactor 14. A logic low on microprocessor 28 pin 11 turns oft transistor Q1

20 stopping the flow of current through the coil of relay RY1 and connecting the COM to NC,
which closes main contactor 14.

Compressor reversing and fan control relay circuit 32 includes diode D10, resistor R7,
capacitors C8, C10, transistor Q2, and relay RY2. Circuit 32 1s controlled by the output on
pin 10 of microprocessor 28. A logic high on microprocessor 28 pin 10 turns on transistor Q2

25 allowing current to flow through the coil of relay RY?2 pulling the connection of the pair of
COMs to the NOs, which turns evaporator fan 18 to low and switches reversing relay 16 to
the position of placing compressor 12 1n low capacity or reversed mode. A logic low on
microprocessor 28 pin 10 turns oft transistor Q2 stopping the flow of current through the coil
of relay RY2 connecting the pair of COMs to the NCs, which turns evaporator fan 18 to high

30 and switches reversing relay 16 to the position of placing compressor 12 in high capacity or

forward mode.

: s ODMA\PCDOCS\FWDOCS1\81445\1 3
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Microprocessor 28 controls air conditioning unit 10 using inputs from thermostat
rectifier and scaler 26 and pressure sensor 38. Oscillator 24 comprises capacitors C3, C4,
resistor R4, and crystal X1 and supplies a 1 MHz clock to microprocessor 28. Pressure
sensor 38 supplies a pressure sensor signal to pin 14 of microprocessor 28. A high pressure
signal indicates a high load condition and a low pressure signal indicates a low load
condition. Microprocessor 28 uses the start up routine in Figure 3 to initialize air
conditioning unit 10 and the operating routine in Figure 4 to run air conditioning unit 10.

The routines in Figures 3 and 4 show the control of the operating mode of the
compressor. The compressor 1s operated in the high capacity mode when the thermostat has
been off for more than a predetermined period of time, such as two hours for example, or the
compressor last ran for more a predetermined period of time, such asthan twenty minutes and
the compressor was last run in a high capacity mode. The two hours of off time represent a
sufficient period of time for the temperature in the room to have risen significantly. The
twenty minutes of run time represent a substantial amount of time to lower the temperature in
the room. The compressor 1s operated in the low capacity mode when the thermostat has
been off for less than two hours and the compressor last ran for less than twenty minutes or
the compressor last ran for more than twenty minutes and the last checked pressure state was
low or the compressor was last run 1n low capacity mode. The low capacity mode allows the
compressor to operate more economically when the load requirements are low by reducing
power consumption and improving the life of the compressor. The evaporator fan 1s also
operated at low speed with the compressor 1in low capacity mode and at high speed with the
compressor in high capacity mode. Difterent periods of time may be set into the
microprocessor, 1f desired.

Referring now to Figure 3, the start up routine begins by checking the state of the
thermostat signal on pin 15 of microprocessor 28. If the thermostat signal is a logic high,
then the start up routine continues to monitor the thermostat signal. If the thermostat signal 1s
a logic low, then the time since last run 1s calculated.

If the time since last run 1s greater than two hours, then microprocessor 28 pin 10 1s
set to a logic low placing compressor 12 1n high capacity or forward mode and fan 18 to high.
After a wait of two seconds, microprocessor 28 pin 11 is set to a logic low closing main
contactor 14 and supplying power to compressor 12. The start up routine then passes control

to the operating routine.

. - ODMA\ PCDOCS\ FWDOCS1\ 81445\ 1 4
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[f the time since last run 1s less than two hours, then the last run time is calculated. If
the last run time 1s greater than twenty minutes, then the low pressure trigger is checked. If
the low pressure signal trigger is a logic low, then microprocessor 28 pin 11 is set to a logic
low closing main contactor 14 and supplying power to compressor 12. The start up routine
then passes control to the operating routine. Compressor 12 and fan 18 remain in their last
running state.

If the low pressure signal trigger 1s a logic high, then microprocessor 28 pin 11 is set
to a logic high opening main contactor 14 and removing power from compressor 12. After a
wait of ten seconds, microprocessor 28 pin 10 1s set to a logic high placing compressor 12 in
low capacity or reverse mode and fan 18 to low. After a wait of two seconds, microprocessor
28 pin 11 1s set to a logic low closing main contactor 14 and supplying power to compressor
12. The start up routine then passes control to the operating routine.

[t the last run time 1s less than twenty minutes, then microprocessor 28 pin 11 is set to
a logic high opening main contactor 14 and removing power from compressor 12. After a
wait of ten seconds, microprocessor 28 pin 10 is set to a logic high placing compressor 12 in
low capacity or reverse mode and fan 18 to low. After a wait of two seconds, microprocessor
28 pin 11 1s set to a logic low closing main contactor 14 and supplying power to compressor
12. The start up routine then passes control to the operating routine.

Reterring now to Figure 4, the operating routine begins by checking the state of the
thermostat signal. If the thermostat signal is a logic high, then microprocessor 28 pin 11 is set
to a logic high opening main contactor 14 removing power from compressor 12, and the
operating routine returns control to the start up routine. If the thermostat signal is a logic low,
then the pressure sensor signal on pin 14 of microprocessor 28 is checked.

[f the pressure sensor signal is a logic high indicating high pressure and
microprocessor 28 pin 10 is a logic low indicating compressor 12 in high capacity or forward
mode, the operating routine returns to its beginning and checks the thermostat signal.

[f the pressure sensor signal is a logic high indicating high pressure and
microprocessor 28 pin 10 1s a logic high indicating compressor 12 in low capacity or reverse
mode, then microprocessor 28 pin 11 is set to a logic high opening main contactor 14 and
removing power from compressor 12. After a wait of sixty seconds, microprocessor 28 pin
10 1s set to a logic low placing compressor 12 in high capacity or forward mode and fan 18 to

high. After a wait of ten seconds, microprocessor 28 pin 11 is set to a logic low closing main

: : ODMANPCDOCS\FWDOCS1\81445\1 5
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contactor 14 and supplying power to compressor 12. The operating routine then returns to 1ts

beginning and checks the thermostat signal.

[f the pressure sensor signal 1s a logic low indicating low pressure and microprocessor
28 pin 10 is a logic high indicating compressor 12 in low capacity or reverse mode, the
operating routine returns to its beginning and checks the thermostat signal.

[f the pressure sensor signal is a logic low indicating low pressure and microprocessor
28 pin 10 is a logic low indicating compressor 12 1n high capacity or forward mode, then the
low signal trigger is set to a logic high for placing compressor 12 in low capacity or reverse
mode during the next start up.

While this invention has been described as having an exemplary design, the present
invention may be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures
from the present disclosure as come within known or customary practice in the art to which
this invention pertains. For example, the present invention has been described herein with
certain time values. Those skilled in the art will recognize, however, that other time values
may be used, typically dependent in large part upon the particular application and assign

goals, without departing from the scope of the present invention.

: tODMA\NPCDOCS\FWDOCS1\81445\1 6
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WHAT IS CLAIMED IS:
. A reversible, dual capacity compressor system, comprising:
a reversible compressor, said compressor operating at a first capacity
when said compressor rotates in a first direction and at a second capacity when said
compressor rotates 1n a second direction;
a pressure sensor tluidly coupled to one of compressor discharge or suction
pressure; and
a compressor direction control assembly electrically coupled to said
compressor and satd pressure sensor and responsive to an input from said pressure sensor.
2. The system of Claim 1, wherein said pressure sensor generates a high pressure
signal and a low pressure signal, whereby said high pressure signal indicates a high load
condition and said low pressure signal indicates a low load condition.
3. The system of Claim 2, wherein said control assembly causes said
compressor to rotate in said first direction when receiving said high pressure signal and to

rotate 1n said second direction when receiving said low pressure signal.

4, The system of Claim 1, wherein said first capacity is greater than said second
capacity.
. The system of Claim 1, wherein said control assembly includes a

microprocessor, said microprocessor includes means to control said reversible compressor

depending on the input from said pressure sensor.

6. The system of Claim 5, wherein said microprocessor includes means to
delay starting said compressor, whereby said compressor starts against equalized pressure.

7. The system of Claim 1, further comprising a reversing relay electrically
coupled to said compressor.

8. The system of Claim 7, wherein said control assembly includes a compressor
reversing control relay, said compressor reversing control relay coupled to said reversing

relay.

9. The system ot Claim 8, further comprising a two speed evaporator for
electrically coupled to said compressor reversing control relay and controlled to correspond to

compressor operating direction.

: tODMA\PCDOCS\FWDOCS1\81445\1 7
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10.  The system of Claim 1, further comprising a main contactor electrically
coupled to said compressor and said control assembly includes a contactor control relay
electrically coupled to said main contactor.

11.  The system of Claim 1, further comprising a thermostat coupled to said control
assembly, said control assembly includes a thermostat rectifier and scaler, said thermostat
rectifier and scaler electrically coupled to said thermostat, said control assembly includes
means to control said compressor depending on an input from said thermostat.

12.  Areversible, dual capacity compressor system, comprising;:

an AC power source;

a reversible compressor, said compressor operating at a first capacity
when said compressor rotates 1n a first direction and at a second capacity when said
compressor rotates in a second direction;

a reversing switch electrically coupled to said AC power source and said
reversible compressor;

a pressure sensor fluidly coupled to one of a discharge or suction line of said
compressor; and

a control assembly electrically coupled to said AC power source, said
reversing switch and said pressure sensor, said control assembly including a microprocessor
electrically coupled to said reversing switch and said pressure sensor, said microprocessor
including means to control said reversible compressor depending on an input from said

pressure sensor.

13.  The system of Claim 12, wherein said microprocessor includes means to delay
starting said compressor, whereby said compressor starts against equalized pressure.

14.  The system of Claim 12, wherein said reversing switch is a relay, and further
comprising a main contactor electrically coupled to said AC power source and said reversing
relay and said control assembly includes a contactor control relay electrically coupled to said

main contactor.

15.  The system of Claim 12, further comprising a thermostat coupled to said
control assembly and said control assembly includes a thermostat rectifier and scaler, said
thermostat rectifier and scaler electrically coupled to said thermostat.

16.  The system of Claim 15, wherein said control assembly includes means to

control said compressor depending on an input from said thermostat.

: : ODMA\PCDOCS\FWDOCS1\81445\1 8
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17. A method of controlling a reversible, dual capacity compressor, the method

comprising the steps of:
measuring one of the discharge or suction pressures of the compressor; and

controlling the direction ot operation of the compressor depending on the

measured pressure.

18. The method of Claim 17, wherein the controlling step includes operating the
compressor in high capacity when the measured pressure is high and 1in low capacity when the
measured pressure 1s low.

19. The method of Claim 17, wherein the controlling step includes delaying
operation of the compressor to insure starting under equalized pressure.

20. A method of controlling a reversible, dual capacity compressor, the method
comprising the steps of:

measuring one of the discharge or suction pressures of the compressor;

calculating the amount of time since the compressor last ran;

calculating the amount of time the compressor ran during its last run period;
and

controlling the direction of operation of the compressor depending on the
measured pressure and the calculated amounts of time.

21. A method of controlling a reversible, dual capacity compressor, the method
comprising the steps of:

measuring one of the discharge or suction pressures of the compressor during
the prior run period of the compressor;

setting a low pressure trigger during the prior run period when the measured
pressure 1s low and the compressor 1s operating in high capacity;

calculating the amount of time since the compressor last ran;

calculating the amount of time the compressor ran during its prior run period;
and

controlling the direction of operation of the compressor depending on the
amount of time since the compressor last ran, the amount of time the compressor last ran, and

the low pressure trigger.

:  ODMANPCDOCS\FWDOCS1\81445\1 9
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22.  The method of Claim 21, further comprising the following steps subsequent to

the controlling step:

measuring the compressor pressure; and

changing the direction of operation of the compressor, 1f the measured pressure
1s high and the compressor 1s operating 1n low capacity.

23. The method of Claim 21, wherein the controlling step includes operating the
compressor in high capacity, 1t the amount of time since the compressor last ran is greater
than two hours.

24.  The method of Claim 21, wherein the controlling step includes operating the
compressor 1n low capacity, if the amount of time since the compressor last ran is less than
two hours and the amount of time the compressor last ran is less than twenty minutes.

25.  The method of Claim 21, wherein the controlling step includes operating the
compressor 1n low capacity, 1f the amount of time since the compressor last ran is less than
two hours, the amount of time the compressor last ran is greater than twenty minutes, and the
low pressure trigger 1s set.

26.  The method of Claim 21, wherein the controlling step includes operating the
compressor 1n its last run state, 1f the time since the compressor last ran is less than two hours,
the amount of time the compressor last ran 1s greater than twenty minutes, and the low

pressure trigger 1s not set.

: : ODMANPCDOCS\FWDOCS1\81445\1 10



02329162 2000-12-20

CA

-5 1 02 g€ TIND
| ML 1Y 1 SORHL

81

dlSNAS

a3 VIS [NV

NV 3d/13334d 141173
. J0LVI0dVAT LV 1SOREHL
AV
I T0YINDD
J0SSTSdHDD AY 13 NV ONY 3¢ e
| Tevsans ONISHIAT INISHIAT
— JOSSTIHD) J0SSI0
TN JOLYTIISE
O
§01YIND) J%mm”_ 2N 4
| NIVA 3§01V IND)
D1 ATddNS ¥3M0d
KILSAS ONINOILIOND] ¥IV ATBWISSY BMd TOINDD
0]

AVAP AL L e SR MELLLLY P

LTV AR

g M) T A AP As e FRAERL TN LT A Y SRR L 220 AYeY

i 4, Vgl s L oy

B P bl s wa pieh L et D 3N

Amyns vt




02329162 2000-12-20

CA

@ &

Ot

1M Kl Y -t 6 Sl i MM LA A bV TV pi 7 H VI HAPRMCAM ALY S rud vy sl S B e T o IR T4 1 £ - ¢

Dl N

1o Sy Rk R A by 0 0 PRI N3 | AL S b o ad it e P I e

“r ERRERETRL JEEFS RN T 2 ]



02329162 2000-12-20

CA

dUSNIS

3al1SSddd
8t

NVd
dULVdldvAd

|

|

|

|

|

|

|

|

“ dUSS3ddhi] AV 134
_ 3 1818d3Add INISd3AId
|

|

|

|

|

|

|

dllJVINDD
NIVI

At MU 0 = it oY s A T b ik o g i P U N Bt ¢



CA 02329162 2000-12-20

CHECK THERMOSTAT
I | STATE

YES

CHECK TIME
SINCE LAST

YES

MORE THAN
2 HOURS 7

FLIP RELAY TO

N
FOWARD DUAL CHECK TIME
CYLINDER ON LAST

DELAY VES
2 SECONDS
CHECK PRESSURE
STATE LAST

LW
TRIGGERED 7

NO
CLOSE MAIN
CONTACTOR

INPUT POWER

N
GO 17O OPER.
FTG- 3

LW awr L adnehiodd o o dion MpiN 5 rad 3 Mg Ll rada SRS | A A KRR VLY s i o3 | M 1 e et 8 - .. .

UPEN MAIN
CONTACTOR

INPUT POWER
UFF

DELAY
10 SECONDS

FLIP RELAY T0
REVERSE SINGLE
CYL INDER

DELAY
2 SECONDS



CA 02329162 2000-12-20

END RUNNING
RETURN TO START
UP ROUTINE

CHECK THERMOSTAT
STATE
DFF""HiIaI"’

UN

CHECK
PRESSURE

LLIW

REVERSE_~110eRATING

MODE 7

NEXT START

IGNORE

SAVE LOW SIGNAL
TRIGGER REVERSE

PRESSURE 7

HIGH

OPERATING
MODE 7

REVERSE

OPEN MAIN
CONTACTOR

INPUT POWER
OFF

DELAY
60 SECONDS

FLIP RELAY 10O
FORWARD DUAL
CYLINDER

DELAY
10 SECONDS

CLOSE MAIN
CONTACTOR

INPUT POWER
ON

FORWARD

IGNORE



AC
POWER SOURCE

M

POVER SUPPLY

vV 22

USCILLATOR

24

THERMOSTAT
RECTIFIER
AND SCALER

2D

CONTROL PwWB ASSEMBLY

MI(RO
PRUCESSOR

30

LONTACTER
CONTROL
RELAY |

COMPRESSOR
REVERSING
ANG FAN
CONTROL |

RELAY

THERMOSTAT
CONTROL

36

P bl

AIR CTNDITIONING SYSTEM
| 14
N 12
CONTACTOR
L
T
PEVERSING PEVERSABLE
RELAY COMPRESSOR
6/
EVAPORATOR
PRESSLRE FAN
SENSOR
38 18

—

Sl

10




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - abstract drawing

