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Pride and workmanship go into every product to provide 
our customers with quality products. It is possible, however,
that during its lifetime a product may require service.  
Products should be serviced only by a qualified service 
technician who is familiar with the safety procedures 
required in the repair and who is equipped with the proper 
tools, parts, testing instruments and the appropriate service 
manual. REVIEW ALL SERVICE INFORMATION IN THE 
APPROPRIATE SERVICE MANUAL BEFORE  
BEGINNING REPAIRS.

Only personnel that have been trained to install, adjust, 
service or repair (hereinafter, “service”) the equipment 
specified in this manual should service the equipment.  
The manufacturer will not be responsible for any injury 
or property damage arising from improper service or 
service procedures.  If you service this unit, you assume 
responsibility for any injury or property damage which 
may result.  In addition, in jurisdictions that require one 
or more licenses to service the equipment specified in 
this manual, only licensed personnel should servise the 
equipment.   
Improper installation, adjustment, servicing or repair of 
the equipment specified in this manual, or attempting to 
install, adjust, service or repair the equipment specified in 
this manual without proper training may result in product 
damage, property damage, personal injury or death.

WARNING

WARNING
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IMPORTANT NOTICES

RECOGNIZE SAFETY SYMBOLS, WORDS AND 
LABELS

WARNING

THIS UNIT SHOULD NOT BE CONNECTED TO, OR USID IN  
CONJUNCTION WITH, ANY DEVICES THAT ARE NOT DESIGN 
CERTIFIED FOR USE WITH THIS UNIT OR HAVE NOT BEEN 
TESTED AND APPROVED BY THE MANUFACTURER.  SERIOUS 
PROPERTY DAMAGE OR PERSONAL INJURY, REDUCED UNIT 
PERFORMANCE AND/OR HAZARDOUS CONDITOINS MAY RESULT 
FROM THE USE OF DEVICES THAT HAVE NOT BEEN APPROVED 
OR CERTIFIED BY THE MANUFACTURER.

WARNING

TO PREVENT THE RISK OF PROPERTY DAMAGE, PERSONAL  
INJURY, OR DEATH, DO NOT STORE COMBUSTIBLE MATERIALS 
OR USE GASOLINE OR OTHER FLAMMABLE LIQUIDS OR  
VAPORS IN THE VICINITY OF THIS APPLIANCE.

WARNING

HIGH VOLTAGE

DISCONNECT ALL POWER BEFORE SERVICING 
OR INSTALLING THIS UNIT.  MULTIPLE POWER 
SOURCES MAY BE PRESENT.  FAILURE TO DO SO 
MAY CAUSE PROPERTY DAMAGE, PERSONAL 
INJURY OR DEATH.

OUTSIDE THE U.S., call 1-713-861-2500.
(Not a technical assistance line for dealers.) Your telephone company will bill you for the call.
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SAFE REFRIGERANT HANDLING

While these items will not cover every concievable  
situation, they should serve as a usefull guide.

WARNING

Refrigerants are heavier than air. They can “push out” the 
oxygen in your lungs or in any enclosed space. To avoid 
possible difficulty in breathing or death:

•	 Never purge refrigerant into an enclosed room or space. 
By law, all refrigerant must be reclaimed.

•	 If an indoor leak is suspected, thoroughly ventilate the 
area before beginning work. 

•	 Liquid refrigerant can be very cold. To avoid possible 
frostbite or blindness, avoid contact with refrigerant 
and wear gloves and goggles. If liquid refrigerant 
does contact your skin or eyes, seek medical help 
immediately. 

•	 Always follow EPA regulations. Never burn refrigerant, 
as posionous gas will be produced.

WARNING

To avoid possible injury, explosion or death, practice safe 
handling of refrigerants.

WARNING

The compressor POE oil for R-410A units is extremely 
susceptible to moisture absorption and could cause 
compressor failure. Do not leave system open to atmosphere 
any longer than necessary for installation.

WARNING

To avoid possible explosion:
•	 Never apply flame or steam to a refrigerant cylinder. If 

you must heat a cylinder for faster charging, partially 
immerse it in warm water.

•	 Never fill a cylinder more than 80% full of liquid 
refrigerant. 

•	 Never add anything other than R-22 to an R-22 cylinder 
or R-410A to an R-410A cylinder. The service equipment 
used must be listed or certified for the type of 
refrigerant used. 

•	 Store cylinders in a cool, dry place. Never use a cylinder 
as a platform or a roller. 

WARNING

To avoid possible explosion, use only returnable (not 
disposable) service cylinders when removing refrigerant 
from a system. 

•	 Ensure the cylinder is free of damage which could lead 
to a leak or explosion. 

•	 Ensure the hydrostatic test date does not exceed 5 
years. 

•	 Ensure the pressure rating meets or exceeds 400 
lbs. 

When in doubt, do not use cylinder.
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NOMENCLATURE
The model number is used for positive identification of component parts used in manufacturing.  Please use this number 
when requesting service or parts information.
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NOMENCLATURE
The model number is used for positive identification of component parts used in manufacturing.  Please use this number 
when requesting service or parts information.
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 These units have R410A refrigerant

Model # Description

APU14[24-48]***M41AA
Amana® Brand Ultra-Low NOx Package Gas 14 Seer R410A Multi-Position gas/electric units.
Initial release of single phase models.

APU1636***M41AA
Amana® Brand Ultra-Low NOx Package Gas 16 Seer R410A Multi-Position gas/electric units.
Initial release of single phase models.

GPU14[24-48]***M41AA
Goodman® Brand Ultra-Low NOx Package Gas 14 Seer R410A Multi-Position gas/electric units.
Initial release of single phase models.

GPU1636***M41AA
Goodman® Brand Ultra-Low NOx Package Gas 16 Seer R410A Multi-Position gas/electric units.
Initial release of single phase models.

Single Phase Package Gas Units 
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Cooling
The refrigerant used in the system is R-410A. It is a clear, 
colorless, non-toxic and non-irritating liquid. R-410A is a 
50:50 blend of R-32 and R-125. The boiling point at atmo-
spheric pressure is -62.9°F.

A few of the important principles that make the refrigeration 
cycle possible are: heat always flows from a warmer to a 
cooler body. Under lower pressure, a refrigerant will absorb 
heat and vaporize at a low temperature.  The vapors may 
be drawn off and condensed at a higher pressure and 
temperature to be used again.

The indoor evaporator coil functions to cool and dehumidify 
the air conditioned spaces through the evaporative process 
taking place within the coil tubes.

NOTE:  The pressures and temperatures shown in 
the refrigerant cycle illustrations on the following 
pages are for demonstration purposes only. Actual 
temperatures and pressures are to be obtained from 
the "Expanded Performance Chart".

Liquid refrigerant at condensing pressure and 
temperatures, (270 psig and 122°F), leaves the outdoor 
condensing coil through the drier and is metered into the 
indoor coil through the metering device. As the cool, low 
pressure, saturated refrigerant enters the tubes of the 
indoor coil, a portion of the liquid immediately vaporizes. 
It continues to soak up heat and vaporizes as it proceeds 
through the coil, cooling the indoor coil down to about 48°F.

Heat is continually being transferred to the cool fins and 
tubes of the indoor evaporator coil by the warm system air. 
This warming process causes the refrigerant to boil. The 
heat removed from the air is carried off by the vapor.

As the vapor passes through the last tubes of the coil, it 
becomes superheated. That is, it absorbs more heat than 
is necessary to vaporize it. This is assurance that only 
dry gas will reach the compressor. Liquid reaching the 
compressor can weaken or break compressor valves.

The compressor increases the pressure of the gas, thus 
adding more heat, and discharges hot, high pressure 
super-heated gas into the outdoor condenser coil.

In the condenser coil, the hot refrigerant gas, being 
warmer than the outdoor air, first loses its superheat by 
heat transferred from the gas through the tubes and fins 
of the coil. The refrigerant now becomes saturated, part 
liquid, part vapor and then continues to give up heat until 
it condenses to a liquid alone. Once the vapor is fully 
liquefied, it continues to give up heat which subcools the 
liquid, and it is ready to repeat the cycle.

Heating
The heating cycle is accomplished by using a unique 
tubular design heat exchanger which provides efficient gas 
heating on natural gas fuel. The heat exchanger’s compact 
tubular construction provides excellent heat transfer for 
maximum operating efficiency.

The induced draft blower draws fuel and combustion air 
into the burner and through the heat exchanger for proper 
combustion. 

Blower operation is controlled by the integrated control 
module. The module allows for field adjustment of the 
blower delay at the end of the heating cycle. The range of 
adjustment is 90, 120, 150 or 180 seconds. The factory 
delay settings are 30 seconds delay on, 150 seconds delay 
off.

Direct Spark Ignition (DSI) Systems
APU/GPU units are equipped with a direct spark ignition 
system. Ignition is provided by a 25,000 volt electronic 
spark. A flame sensor then monitors for the presence of 
flame and closes the gas valve if flame is lost.

PCBBL216 Ignition Control Sequence Of 
Operation

Continous Fan
1.	 	 When the thermostat calls for continuous fan (G) with 

out a call for heat or cooling, the indoor the fan has a 
7 second delay on make and energizes the “HEAT” 
speed. The fan remains energized as long as the call 
for fan remains without a call for heat or cooling. The 
fan call “G” has a 60 second delay on break. Note: 
When the Configuration tab is broken, the continuous 
fan mode “G” will have a 7 second delay on make 
and a 60 second delay on break and the “COOL” 
speed tap will be energized.

2.	 	 If a call for cool (Y) occurs during continuous fan, the 
blower will switch over to “COOL” speed.

3.	 	 If a call for heat (W) occurs during continuous fan, 
the blower will remain energized through the heat 
cycle or until “G” is de-energized.

4.	 	 The continuous fan operation will function while the 
control is in heat mode lockout.
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Cool Mode
1.	 	 When the thermostat calls for cooling (“Y”), the 

control energizes the cooling speed fan after a 7 
second on delay. The control provides a 3 minute 
anti-short cycle protection for the compressor. If 
the compressor has been off for 3 or more minutes, 
the compressor immediately energizes when the 
thermostat calls for cool. If the compressor has not 
been off for at least 3 minutes when a call for cool 
occurs, the control waits until 3 minutes has elapsed 
from the time the compressor was last de-energized 
before re-energizing the compressor. 

2.	 	 When the thermostat removes the call for cooling 
(“Y”) the compressor is deenergized and the control 
deenergizes the cooling speed fan after a cooling off 
delay period of 60 seconds.

Note: A call for cooling has priority over continuous 
fan. If G is energized while Y is energized, during the 
cooling fan on delay, the fan will remain off until the 
delay is over.

Note: The cooling fan operation will continue to 
function while the control is in heat lockout.

Note: If a call for heat exist with a call for cooling, the 
call for heat shall proceed as normal except the fan 
remains energized on cool speed.

HEAT MODE
The normal operational sequence in heating mode is as 
follows:

•		 R and W thermostat contacts close, initiating a call for 
heat.

•		 Integrated control module performs safety circuit 
checks.

•		 Pressure Sensor Verification: The control operates the 
inducer in a manner to verify the pressure sensor null 
value and span operation are within specification. If 
the system is operating correctly, this test takes only a 
few seconds. If the system is not functioning properly, 
the control times out after a maximum 90 seconds and 
displays the proper fault code.

•		 Induced draft blower is energized for 30 second 
prepurge.

•		 The control energizes the gas valve and spark igniter. 
If flame is not established within 4 seconds, the gas 
valve and spark igniter is de-energized and the control 
goes to an inter-purge. If the flame is established, the 
spark igniter is de-energized and the control goes to 
heat blower on delay.

•		 Heat Blower On Delay – The control waits for 30 
second heat fan on delay and then energizes the 
indoor blower heat speed. If the blower is already 
energized by a continuous fan call, the on delay is 
skipped and control goes to heat fan speed.

•		 STEADY HEAT – Control inputs are continuously 
monitored for ensure limit and pressure switches are 
closed, flame is established and the thermostat call for 
heat remains.

•		 POST PURGE – When the thermostat demand for 
heat is satisfied, the control immediately de-energizes 
the gas valve. The inducer output remains on for a 30 
second post-purge period.

•		 Heat Blower Off Delay – The indoor blower motor is 
de-energized after the selected blower off delay time. 
Blower timing begins when the thermostat is satisfied.

LED 
ACTIVITY

DESCRIPTION COLOR MINIMUM 
LOCKOUT PERIOD

LED OFF
NO 24 VAC POWER 

TO CONTROL N/A N/A

RED, 
AMBER, 
GREEN

POWER-UP 
VERIFICATION OF 

LED
N/A N/A

STEADY ON CONTROL FAULT 
DETECTED

RED 1 HOUR OR 
HARD LOCKOUT

1 FLASH RETRIES EXCEEDED RED 1 HOUR FIXED

2 FLASHES PRESSURE SENSOR 
NULL ERROR

RED 5 MINUTES

3 FLASHES PRESSURE SENSOR 
SPAN ERROR

RED 5 MINUTES

4 FLASHES HIGH LIMIT 
SWITCH OPEN

RED

MAXIMUM 
RECOVERY TIME

1 HOUR AFTER 
MAX TRIPS 
EXCEEDED

5 FLASHES
FLAME PRESENT 
WITH GAS VALVE 

OFF
RED 5 MINUTES

6 FLASHES

NORMALLY CLOSED 
BLOCKED BURNER 
SWITCH / AUXILIARY 

SWITCH OPEN

RED

MAXIMUM 
RECOVERY TIME

1 HOUR IF TIME 
EXCEEDED

7 FLASHES
GAS VALVE CIRCUIT 

SHORTED RED 1 HOUR

8 FLASHES RESERVED RED N/A

10 
FLASHES

HIGH LIMIT SWITCH 
RECOVERY TIMER 

EXPIRED
RED 1 HOUR OR 

HARD LOCKOUT

STEADY ON
OEM FACTORY TEST 

MODE AMBER N/A

RAPID 
FLASH

FIELD TEST MODE AMBER N/A

1 FLASH LOW FLAME SENSE AMBER N/A

2 FLASHES ID PLUG FAILURE AMBER
HARD LOCKOUT 
HEATING MODE

3 FLASHES CONTROL FUSE 
OPEN

AMBER 5 MINUTES

STEADY ON
STANDBY NORMAL 

OPERATION NO 
THERMOSTAT CALL

GREEN N/A

RAPID 
FLASH

CLEAR ERROR 
HISTORY GREEN N/A

1 FLASH CALL FOR 
HEATING

GREEN N/A

2 FLASHES CALL FOR 
COOLING

GREEN N/A

3 FLASHES
CONTINUOUS 

FAN OPERATION GREEN N/A

PCBBL216 ULN CONTROL ERROR CODES

PCBBL216 ULN Control LED Status Codes
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ID Plugs for ULN Gas Package Units
Each 80% ULN model has a unique ID Plug that needs to 
be installed into the board for your specific model number. 
The ID Plug will populate the board with the correct 
operating parameters for each model and should be left on 
the board once installed.

Please see the table below for reference:

Part Number Goodman / Amana
0130G00012 *PU**040M41AA
0130G00013 *PU**060M41AA
0130G00014 *PU**080M41AA

ID Plug Installation
The following procedure will ensure the proper operating 
parameters are installed onto the board. Each model has a 
unique ID PLUG that needs to be installed onto the board. 

Please see the instructions below:
1.	 Select the appropriate ID plug for the installed model 

number from the table above.
2.	 Attached the appropriate ID plug for the installed 

model number to the control board into the blue 
connector as shown below. This will load the correct 
parameters to the board. Failure to follow these 
instructions will result in the board not functioning.
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Typical Package Cooling or Package Gas 

Either a thermostatic expansion valve or restrictor orifice assembly may be used depending on model, refer to the parts 
catalog for the model being serviced. 

Restrictor Orifice Assembly in Cooling Operation

In the cooling mode, the orifice is pushed into its seat forcing refrigerant to flow through the metered hole in the center of 
the orifice. 
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Package gas units require regularly scheduled 
maintenance to preserve high performance standards, 
prolong the service life of the equipment, and lessen the 
chances of costly failure.

In many instances the owner may be able to perform some 
of the maintenance; however, the advantage of a service 
contract, which places all maintenance in the hands of a 
trained serviceman, should be pointed out to the owner.

WARNING

HIGH VOLTAGE
DISCONNECT ALL POWER BEFORE SERVICING 
OR INSTALLING THIS UNIT.  MULTIPLE POWER 
SOURCES MAY BE PRESENT.  FAILURE TO DO SO 
MAY CAUSE PROPERTY DAMAGE, PERSONAL 
INJURY OR DEATH.

Once A Month
1.	 Inspect the return filters of the evaporator unit and 

clean or change if necessary.  

NOTE:  Depending on operation conditions, it may be 
necessary to clean or replace the filters more often.  
If permanent type filters are used, they should be 
washed with warm water and dried.

2.	 When operating on the cooling cycle, inspect the 
condensate line piping from the evaporator coil.  
Make sure the piping is clear for proper condensate 
flow.

Once A Year
Qualified Service Personnel Only

1.	 Clean the indoor and outdoor coils.
2.	 Clean the cabinet inside and out .
3.	 Motors are permanently lubricated and do not require 

oiling. TO AVOID PREMATURE MOTOR FAILURE, 
DO NOT OIL.

4.	 Manually rotate the outdoor fan and indoor blower to 
be sure they run freely.

5.	 Inspect the control panel wiring, compressor 
connections, and all other component wiring to be 
sure all connections are tight.  Inspect wire insulation 
to be certain that it is good.

6.	 Check the contacts of the compressor contactor.  If 
they are burned or pitted, replace the contactor.

7.	 Using a halide or electronic leak detector, check all 
piping and etc. for refrigerant leaks.

8.	 Check the combustion chamber (Heat Exchanger) 
for soot, scale, etc.  Inspect all burners for lint and 
proper positioning.

9.	 Start the system, using the proper instrumentation 
check gas inlet and manifold pressures, burner flame 
and microamp signal.  Adjust if necessary.

10.	Start the system and run a Heating Performance 
Test.  If the results of the test are not satisfactory, see 
the Servicing sections for the possible cause.

Test Equipment
Proper test equipment for accurate diagnosis is as 
essential as regular hand tools.

The following is a must for every service technician and 
service shop:

1.	 Thermocouple type temperature meter - measure dry 
bulb temperature.

2.	 Sling psychrometer- measure relative humidity and 
wet bulb temperature.

3.	 Volt-Ohm Meter - testing continuity, capacitors, motor 
windings and voltage.

4.	 Accurate Leak Detector - testing for refrigerant leaks.
5.	 High Vacuum Pump - evacuation.
6.	 Electric Vacuum Gauge, Manifold Gauges and high 

vacuum hoses - to measure and obtain proper 
vacuum.

7.	 Accurate Charging Cylinder or Electronic Scale - 
measure proper refrigerant charge.

8.	 Inclined Manometer - measure static pressure and 
pressure drop across coils.

Other recording type instruments can be essential in 
solving abnormal problems, however, in many instances 
they may be rented from local sources.

Proper equipment promotes faster, more efficient service, 
and accurate repairs with less call backs.

Heating Performance Test
Before attempting to diagnose an operating fault code, run 
a Heating Performance Test to determine if the heating 
system is performing within 5% of the BTU input found 
on the rating plate of the unit being tested. To conduct a 
heating performance test, the BTU input to the unit must 
be calculated (see Clocking a Gas Meter). Before clocking 
a gas meter, contact your local utility to provide the caloric 
value (BTU content) of the natural gas in the area.

It is also important to confirm the airflow (CFM) is within 
the temperature rise range (see Airflow Data in spec sheet) 
and external static pressure range (approximately 0.5” 
water column). How-to instructions can be found in the 
service manual under Checking External Static Pressure 
and Checking Temperature Rise. 
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Clocking a Gas Meter 
1.	 	 Turn off all gas appliances in the home. 
2.	 	 Turn on the furnace. Ensure the furnace is operating 

at a 100% firing rate on 2 stage and modulating 
furnace product.

3.	 	 Once heating cycle is at a steady state (typically 15 
minutes of operation), use a stopwatch to time how 
long it takes the smallest unit of measure dial on the 
gas meter to make a full revolution. In Table 1, one 
cubic foot is selected. The smallest unit of measure 
will vary depending on the gas meter. 

Table 1 

4.	 	 Using Table 2 below, find the number of seconds it 
took for the dial to make a full revolution. To the right 
of that number of seconds and below the Size of Test 
Dial (selected in step 3 and shown in Table 1) will be 
the Cubic Feet per Hour (CFH).

5.	 	 Use this formula to verify the Cubic Feet per Hour 
(CFH) input determined in step 4 is correct:  
(3600 x Gas Meter Dial Size) / Time (seconds) = 
Cubic Feet per Hour (CFH)

6.	 	 Check with your local utility for actual BTU content 
(caloric value) of natural gas in the area (the average 
is 1025 BTU’s). 

7.	 	 Use this formula to calculate the BTU/HR input (See 
BTU/HR Calculation Example): 
Cubic Feet per Hour (CFH) x BTU content of your 
natural gas = BTU/HR input

8.	 	 Should the figure you calculated not fall within five 
(5) percent of the nameplate rating of the unit, adjust 
the gas valve pressure regulator or resize orifices. 
To adjust the pressure regulator on the gas valve, 
turn downward (clockwise) to increase pressure and 
input, and upward (counterclockwise) to decrease 
pressure and input. A properly operating unit must 
have the BTU per hour input and CFM of air, within 
the limits shown to prevent short cycling of the 
equipment. As the external static pressure goes up, 
the temperature rise will also increase. Consult the 
proper tables for temperature rise limitation.

BTU/HR Calculation Example:
The unit being tested takes 40 seconds for the 1 cubic foot 
dial to make one complete revolution.  Using the chart, 
this translates to 90 cubic feet per hour.  Based upon the 
assumption that one cubic foot of natural gas has 1,025 
BTU’s (Check with your local utility for actual BTU content), 
the calculated input is 92,250 BTU’s per hour.
Furnace Nameplate Input in this example: 90,000 BTU/
HR
Calculated Gas Input in this example: 92,250 BTU/HR
This example is within the 5% tolerance input and does 
not need adjustment. 
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Table 2 
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Checking Voltage 

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Remove doors, control panel cover, etc. from unit 
being tested. 

With power ON: 

WARNING

Line voltage now present 

2.	 	 Using a voltmeter, measure the voltage across 
terminals L1 and L2 of the contactor for single phase 
units.

3.	 	 No reading - indicates open wiring, open fuse(s) no 
power or etc. from unit to fused disconnect service.  
Repair as needed.

4.	 	 If incoming voltage is within the range listed in the 
chart below, energize the unit. 

5.	 	 Using a voltmeter, measure the voltage with the unit 
starting and operating to determine if voltage is within 
the range listed in the chart below. 

6.	 	 If the voltage falls below the minimum voltage, check 
the line wire size. Long runs of undersized wire can 
cause low voltage. If the wire size is adequate, notify 
the local power company regarding either low or high 
voltage. 

Unit Supply Voltage

Voltage Min. Max. 

208/230 198 253

Checking Wiring

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Check wiring visually for signs of overheating, 
damaged insulation and loose connections.

2.	 	 Use an ohmmeter to check continuity of any 
suspected open wires.

3.	 	 If any wires must be replaced, replace with 
comparable gauge and insulation thickness.

Checking Thermostat and Wiring 
Thermostat Wiring: The maximum wire length for 18 AWG 
thermostat wire is 100 feet.

WARNING

Line voltage now present 

With power ON, thermostat calling for cooling
1.	 	 Use a voltmeter to check for 24 volts at thermostat 

wires C and Y in the condensing unit control panel.
2.	 	 No voltage indicates trouble in the thermostat, wiring 

or external transformer source.
3.	 	 Check the continuity of the thermostat and wiring.  

Repair or replace as necessary.

Indoor Blower Motor
With power ON:

WARNING

Line voltage now present 

1.	 	 Set fan selector switch at thermostat to “ON” 
position.

2.	 	 With voltmeter, check for 24 volts at wires C and G.
3.	 	 No voltage indicates the trouble is in the thermostat 

or wiring.
4.	 	 Check the continuity of the thermostat and wiring.  

Repair or replace as necessary.

Checking Transformer and Control Circuit

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

A step-down transformer (208/240 volt primary to 24 volt 
secondary) is provided with each indoor unit.  This allows 
ample capacity for use with resistance heaters.  The 
outdoor sections do not contain a transformer.
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WARNING

Disconnect ALL power before servicing.

1.	 	 Remove control panel cover, or etc., to gain access 
to transformer.

With power ON:

WARNING

Line voltage now present 

2.	 	 Using a voltmeter, check voltage across secondary 
voltage side of transformer (R to C).

3.	 	 No voltage indicates faulty transformer, bad wiring, or 
bad splices.

4.	 	 Check transformer primary voltage at incoming line 
voltage connections and/or splices.

5.	 	 If line voltage available at primary voltage side of 
transformer and wiring and splices good, transformer 
is inoperative.  Replace.

Checking Contactor and/or Relays

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

The compressor contactor and other relay holding coils are 
wired into the low or line voltage circuits.  When the control 
circuit is energized, the coil pulls in the normally open 
contacts or opens the normally closed contacts.  When the 
coil is de-energized, springs return the contacts to their 
normal position.

NOTE: Most single phase contactors break only 
one side of the line (L1), leaving 115 volts to ground 
present at most internal components.

1.	 	 Remove the leads from the holding coil.
2.	 	 Using an ohmmeter, test across the coil terminals.

If the coil does not test continuous, replace the relay or 
contactor.

Checking Contactor Contacts

Single Phase

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Disconnect the wire leads from the terminal (T) side 
of the contactor.

2.	 	 With power ON, energize the contactor.

WARNING

Line voltage now present 

Testing Compressor Contactor
(Single Phase)

3.	 	 Using a voltmeter, test across terminals.
A.	 L1 - L2 - No voltage. Check breaker or fuses on 

main power supply.
B.	 L2 - T1 - No voltage indicates CC1 contacts 

open.

If a no voltage reading is obtained - replace the contactor.

Checking Fan Relay Contacts
The fan relays are incorporated into the control board. See 
Testing Ignition Control Module for checking control board.
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Checking High Pressure Control

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

The high pressure control senses the pressure in the liquid 
line.  If abnormally high condensing pressures develop, the 
contacts of the control open, breaking the control circuit 
before the compressor motor overloads.  This control is 
automatically reset.

1.	 	 Using an ohmmeter, check across terminals of 
high pressure control, with wire removed.  If not 
continuous, the contacts are open.

2.	 	 Attach a gauge to the high pressure service port.

With power ON:

WARNING

Line voltage now present 

3.	 	 Start the system and place a piece of cardboard in 
front of the condenser coil,  raising the condensing 
pressure.

4.	 	 Check pressure at which the high pressure control 
cuts-out.

If it cuts-out at 660 PSIG ± 10 PSIG, it is operating 
normally.  If it cuts out below this pressure range, replace 
the control. The control should reset at 420 PSIG ± 25 
PSIG.

Checking Low Pressure Control
The low pressure control senses the pressure in the 
suction line and will open its contacts on a drop in 
pressure.  The low pressure control will automatically reset 
itself with a rise in pressure.

The low pressure control is designed to cut-out (open) at 
approximately 55 PSIG ± 7 PSIG.  It will automatically cut-
in (close) at approximately 95 PSIG ± 7 PSIG.

Test for continuity using a VOM and if not as above, 
replace the control.

Checking Capacitor

Capacitor, Run
A run capacitor is wired across the auxiliary and main 
windings of a single phase permanent split capacitor 
motor.  The capacitors primary function is to reduce the line 
current while greatly improving the torque characteristics 
of a motor.  This is accomplished by using the 90° phase 
relationship between the capacitor current and voltage 
in conjunction with the motor windings so that the motor 
will give two phase operation when connected to a single 
phase circuit.  The capacitor also reduces the line current 
to the motor by improving the power factor.

Capacitor, Start
Scroll Compressor Models
Hard start components are not required on Scroll 
compressor equipped units due to a non-replaceable check 
valve located in the discharge line of the compressor.  
However hard start kits are available and may improve low 
voltage starting characteristics.

This check valve closes off high side pressure to the 
compressor after shut down allowing equalization through 
the scroll flanks.  Equalization requires only about one or 
two seconds during which time the compressor may turn 
backwards.

Your unit comes with a 180-second anti-short cycle 
to prevent the compressor from starting and running 
backwards.

Models Equipped With A Hard Start Device
A start capacitor is wired in parallel with the run capacitor 
to increase the starting torque.  The start capacitor is of the 
electrolytic type, rather than metallized polypropylene as 
used in the run capacitor.

A switching device must be wired in series with the 
capacitor to remove it from the electrical circuit after the 
compressor starts to run.  Not removing the start capacitor 
will overheat the capacitor and burn out the compressor 
windings.

These capacitors have a 15,000 ohm, 2 watt resistor 
wired across its terminals. The object of the resistor 
is to discharge the capacitor under certain operating 
conditions, rather than having it discharge across the 
closing of the contacts within the switching device such as 
the Start Relay, and to reduce the chance of shock to the 
servicer. See the Servicing Section for specific information 
concerning capacitors.
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Relay, Start
A potential or voltage type relay is used to take the start 
capacitor out of the circuit once the motor comes up 
to speed.  This type of relay is position sensitive.  The 
normally closed contacts are wired in series with the start 
capacitor and the relay holding coil is wired parallel with 
the start winding.  As the motor starts and comes up to 
speed, the increase in voltage across the start winding will 
energize the start relay holding coil and open the contacts 
to the start capacitor.

Two quick ways to test a capacitor are a resistance and a 
capacitance check.

Resistance Check

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Discharge capacitor and remove wire leads.

WARNING
Discharge capacitor through a 20 to 30 OHM resistor before 
handling.

Testing Capacitor Resistance 

2.	 	 Set an ohmmeter on its highest ohm scale and 
connect the leads to the capacitor -
A.	 Good Condition - indicator swings to zero and 

slowly returns to infinity.  (Start capacitor with 
bleed resistor will not return to infinity.  It will still 
read the resistance of the resistor).

B.	 Shorted - indicator swings to zero and stops 
there -replace.

C.	 Open - no reading - replace.  (Start capacitor 
would read resistor resistance.)

Capacitance Check

WARNING
Discharge capacitor through a 20 to 30 OHM resistor before 
handling.

Using a hookup as shown below, take the amperage and 
voltage readings and use them in the formula:

Capacitance (MFD) =	 2650 X Amperage
	 Voltage

Testing Capacitance 

Checking Fan And Blower Motor Windings 
(Psc Motors)
The auto reset fan motor overload is designed to protect 
the motor against high temperature and high amperage 
conditions by breaking the common circuit within the motor, 
similar to the compressor internal overload.  However, heat 
generated within the motor is faster to dissipate than the 
compressor, allow at least 45 minutes for the overload to 
reset, then retest.

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.
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1.	 	 Remove the motor leads from its respective 
connection points and capacitor (if applicable).

2.	 	 Check the continuity between each of the motor 
leads.

3.	 	 Touch one probe of the ohmmeter to the motor frame 
(ground) and the other probe in turn to each lead.

If the windings do not test continuous or a reading is 
obtained from lead to ground, replace the motor.

Checking Ecm Motor Windings

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Disconnect the 5-pin and the 16-pin connectors from 
the ECM power head.

2.	 	 Remove the 2 screws securing the ECM power head 
and separate it from the motor.

3.	 	 Disconnect the 3-pin motor connector from the power 
head and lay it aside.

4.	 	 Using an ohmmeter, check the motor windings for 
continuity to ground (pins to motor shell). If the 
ohmmeter indicates continuity to ground, the motor is 
defective and must be replaced. 

5.	 	 Using an ohmmeter, check the windings for continuity 
(pin to pin). If no continuity is indicated, the thermal 
limit (over load) device may be open. Allow motor to 
cool and retest.

Motor
Connector
(3-pin)

Motor OK when
R > 100k ohm
(3-pin)

Winding Test 

Checking Eem Motors
The EEM motor is a one piece, fully encapsulated, 3 phase 
brushless DC (single phase AC input) motor with ball 
bearing construction. The EEM motor features an integral 
control module. 

NOTE: The GE TECMate will not currently operate the 
EEM motor.

1.	 	 Using a voltmeter, check for 230 volts to the motor 
connections L and N. If 230 volts is present, proceed 
to step 2. If 230 volts is not present, check the line 
voltage circuit to the motor.

2.	 	 Using a voltmeter, check for 24 volts from terminal C 
to either terminal 1, 2, 3, 4, or 5, depending on which 
tap is being used, at the motor. If voltage present, 
proceed to step 3. If no voltage, check 24 volt circuit 
to motor.

3.	 	 If voltage was present in steps 1 and 2, the motor 
has failed and will need to be replaced. 

NOTE: When replacing motor, ensure the belly band is 
between the vents on the motor and the wiring has the 
proper drip loop to prevent condensate from entering 
the motor.

C L G N

1 2 3 4 5

High Voltage
Connections

3/16"

Low Voltage Connections
1/4”

EEM Motor Connections 
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Checking ECM Motors
An ECM is an Electronically Commutated Motor which 
offers many significant advantages over PSC motors. 
The ECM has near zero rotor loss, synchronous machine 
operation, variable speed, low noise, and programmable 
air flow. Because of the sophisticated electronics within 
the ECM motor, some technicians are intimated by the 
ECM motor; however, these fears are unfounded. GE/
Regal Beloit offers two ECM motor testers, and with a VOM 
meter, one can easily perform basic troubleshooting on 
ECM motors. An ECM motor requires power (line voltage) 
and a signal (24 volts) to operate. The ECM motor stator 
contains permanent magnet. As a result, the shaft feels 
“rough” when turned by hand. This is a characteristic of the 
motor, not an indication of defective bearings.

WARNING

Line voltage now present 

1.	 Disconnect the 5-pin connector from the motor.
2.	 Using a volt meter, check for line voltage at terminals 

#4 & #5 at the power connector. If no voltage is 
present:

3.	 Check the unit for incoming power.
4.	 Check the control board.
5.	 If line voltage is present, reinsert the 5-pin connector 

and remove the 16-pin connector. 
6.	 Check for signal (24 volts) at the transformer.
7.	 Check for signal (24 volts) from the thermostat to the 

“G” terminal at the 16-pin connector.
8.	 Using an ohmmeter, check for continuity from the #1 

& #3 (common pins) to the transformer neutral or “C” 
thermostat terminal. If you do not have continuity, the 
motor may function erratically. Trace the common 
circuits, locate and repair the open neutral. 

9.	 Set the thermostat to “Fan-On”. Using a voltmeter, 
check for 24 volts between pin # 15 (G) and common.

10.	Disconnect power to compressor. Set thermostat to 
call for cooling. Using a voltmeter, check for 24 volts 
between pin 6 and common for Y1 call and between 
pin 14 and common for Y2 call. 

11.	 Set the thermostat to a call for heating. Using a 
voltmeter, check for 24 volts between pin 2 and 
common and/or between pin 11 and common.          

1

2

3

4

5

Lines 1 and 2 will be connected 
for 12OVAC Power Connector 
applications only

Gnd

AC Line Connection

AC Line Connection

}

11

1 9

2

3

4

5

6

7

8 16

15

14

13

12

10

OUT - OUT +

ADJUST +/- G (FAN)

Y1 Y/Y2

COOL EM Ht/W2

DELAY 24 Vac (R)

COMMON2 HEAT

W/W1 BK/PWM (SPEED)

COMMON1 O (REV VALVE)

16-PIN ECM HARNESS CONNECTOR

If you do not read voltage and continuity as described, the 
problem is in the control or interface board, but not the 
motor. If you register voltage as described , the ECM power 
head is defective and must be replaced.

Checking ECM Motor Windings

WARNING

High Voltage!
Disconnect all power before servicing 
or installing.  Multiple power sources 
may be present.  Failure to do so may 
cause property damage, personal injury 
or death.

1.	 Disconnect the 5-pin and the 16-pin connectors from 
the ECM power head.

2.	 Remove the 2 screws securing the ECM power head 
and separate it from the motor.

3.	 Disconnect the 3-pin motor connector from the power 
head and lay it aside.

4.	 Using an ohmmeter, check the motor windings for 
continuity to ground (pins to motor shell). If the 
ohmmeter indicates continuity to ground, the motor is 
defective and must be replaced. 
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5.	 Using an ohmmeter, check the windings for continuity 
(pin to pin). If no continuity is indicated, the thermal 
limit (over load) device may be open. Allow motor to 
cool and retest.

16-pin 
connector

5-pin 
connector

3-pin motor
connector

Checking Compressor

WARNING
Hermetic compressor electrical terminal venting can 
be dangerous. When insulating material which supports 
a hermetic compressor or electrical terminal suddenly 
disintegrates due to physical abuse or as a result of an 
electrical short between the terminal and the compressor 
housing, the terminal may be expelled, venting the vapor and 
liquid contents of the compressor housing and system.

If the compressor terminal PROTECTIVE COVER and 
gasket (if required) are not properly in place and secured, 
there is a remote possibility if a terminal vents, that the 
vaporous and liquid discharge can be ignited, spouting 
flames several feet, causing potentially severe or fatal 
injury to anyone in its path.

This discharge can be ignited external to the compressor 
if the terminal cover is not properly in place and if the 
discharge impinges on a sufficient heat source.

Ignition of the discharge can also occur at the venting 
terminal or inside the compressor, if there is sufficient 
contaminant air present in the system and an electrical arc 
occurs as the terminal vents.

Ignition cannot occur at the venting terminal without the 
presence of contaminant air, and cannot occur externally 
from the venting terminal without the presence of an 
external ignition source.

Therefore,  proper evacuation of a hermetic system is 
essential at the time of manufacture and during servicing.

To reduce the possibility of external ignition, all open 
flame, electrical power, and other heat sources should be 
extinguished or turned off prior to servicing a system.

Resistance Test
Each compressor is equipped with an internal overload.

The line break internal overload senses both motor 
amperage and winding temperature.  High motor 
temperature or amperage heats the disc causing it to open, 
breaking the common circuit within the compressor on 
single phase units. 

Heat generated within the compressor shell, usually due to 
recycling of the motor, high amperage or insufficient gas to 
cool the motor, is slow to dissipate.  Allow at least three to 
four hours for it to cool and reset, then retest.

Fuse, circuit breaker, ground fault protective device, etc. 
has not tripped -

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Remove the leads from the compressor terminals.

WARNING
See warnings before removing compressor terminal cover.

2.	 	 Using an ohmmeter, test continuity between 
terminals S-R, C-R, and C-S.

Testing Compressor Windings 

If either winding does not test continuous, replace the 
compressor.
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NOTE:  If an open compressor is indicated, allow 
ample time for the internal overload to reset before 
replacing compressor.

Ground Test
If fuse, circuit breaker, ground fault protective device, etc. 
has tripped, this is a strong indication that an electrical 
problem exists and must be found and corrected. The 
circuit protective device rating must be checked and its 
maximum rating should coincide with that marked on the 
equipment nameplate.

With the terminal protective cover in place, it is acceptable 
to replace the fuse or reset the circuit breaker ONE TIME 
ONLY to see if it was just a nuisance opening. If it opens 
again, DO NOT continue to reset.

Disconnect all power to unit, making sure that all 
power legs are open.

1.	 	 Carefully remove the compressor terminal protective 
cover and inspect for loose leads or insulation breaks 
in the lead wires.

2.	 	 Disconnect the three leads going to the compressor 
terminals at the compressor or nearest point to the 
compressor.

3.	 	 Check for a ground separately between each of the 
three terminals and ground (such as an unpainted 
tube on the compressor). If there is any reading of 
continuity to ground on the meter, the compressor 
should be considered defective.

4.	 	 If ground is indicated, replace the compressor.

WARNING
Damage can occur to the glass embedded terminals if the 
leads are not properly removed. This can result in terminal 
and hot oil discharging.

                                                            
Compressor Ground Test 

Unloader Test Procedure 
(2 Stage Compressors Only)
A nominal 24-volt direct current coil activates the 
compressor internal unloader solenoid. The input control 
circuit voltage must be 18 to 28 volt ac. The coil power 
requirement is 5 VA. The external electrical connection is 
made with a molded plug assembly. This plug contains a 
full wave rectifier to supply direct current to the unloader 
coil. The measured DC voltage at the connectors in the 
plug should be 15 to 27 volt dc.

Unloader Test Procedure
If it is suspected that the unloader is not working, the 
following methods may be used to verify operation.

1.	 	 Operate the system and measure compressor 
amperage. Cycle the unloader ON and OFF at 10 
second intervals. The compressor amperage should 
increase when switching from part-load to full-load 
and decrease when switching from full-load to part-
load. The percent change depends on the operating 
conditions and voltage, but should be at least 25 
percent.

2.	 	 If step one does not give the expected results, shut 
unit off. Apply 18 to 28 volt ac to the unloader molded 
plug leads and listen for a click as the solenoid pulls 
in. Remove power and listen for another click as the 
unloader returns to its original position.

3.	 	 If clicks can’t be heard, shut off power to the unit 
and remove the control circuit molded plug from 
the compressor and measure the unloader coil 
resistance (connections on the compressor). 
The solenoid coil should have continuity and not 
be grounded or have infinite resistance. If the 
coil resistance is infinite, zero, or grounded, the 
compressor must be replaced.

4.	 	 Next check the molded plug.



SERVICING

22

A.	 Voltage check: Apply control voltage to the 
plug wires (18 to 28 volt ac). The measured dc 
voltage at the female connectors in the plug 
should be around 15 to 27 vdc.

B.	 Resistance check: Measure the resistance from 
the end of one molded plug lead to either of the 
two female connectors in the plug. One of the 
connectors should read close to zero ohms while 
the other should read infinity. Repeat with other 
wire. The same female connector as before 
should read zero while the other connector again 
reads infinity. Reverse polarity on the ohmmeter 
leads and repeat. The female connector that 
read infinity previously should now read close to 
zero ohms. 

C.	 Replace plug if either of these test methods 
doesn’t show the desired results.

Operation Test
If the voltage, capacitor, overload and motor winding test 
fail to show the cause for failure:

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Remove unit wiring from disconnect switch and wire 
a test cord to the disconnect switch.

NOTE:  The wire size of the test cord must equal the 
line wire size and the fuse must be of the proper size 
and type.

2.	 	 With the protective terminal cover in place, use the 
three leads to the compressor terminals that were 
disconnected at the nearest point to the compressor 
and connect the common, start and run clips to the 
respective leads.

3.	 	 Connect good capacitors of the right MFD and 
voltage rating into the circuit as shown.

4.	 	 With power ON, close the switch.

WARNING

Line voltage now present 

A.	 If the compressor starts and continues to run, the 
cause for failure is somewhere else in the sys-
tem.

B.	 If the compressor fails to start - replace.

Locked Rotor Test 
If fuse, circuit breaker, ground fault protective device, etc. 
has tripped, this is a strong indication that an electrical 
problem exists and must be found and corrected. The 
circuit protective device rating must be checked and its 
maximum rating should coincide with that marked on the 
equipment nameplate.

Before checking for locked rotor, the compressor terminals 
should be checked for open windings (see Resistance Test) 
and the run capacitor and start capacitor (if used) should 
be checked thoroughly (see Checking Capacitor).

With power ON:

WARNING

Line voltage now present 

1.	 	 Check the serial data plate for the compressor locked 
rotor amps (LRA) rating.

2.	 	 Using an ampmeter, measure the amperage reading 
for the run and common wires to the compressor. 
Since the compressor motor overload will likely 
trip soon after drawing locked rotor amps, this 
measurement should be taken as soon as the 
compressor starts.

3.	 	 If the amperage reading roughly equals the 
compressor LRA rating and all other checks have 
been completed, locked rotor amps has been 
verified.

Testing crankcase heater (Optional Item)
The crankcase heater must be energized a minimum of 
four (4) hours before the condensing unit is operated.

Crankcase heaters are used to prevent migration or 
accumulation of refrigerant in the compressor crankcase 
during the off cycles and prevents liquid slugging or oil 
pumping on start up.

A crankcase heater will not prevent compressor damage 
due to a floodback or over charge condition.

WARNING

Disconnect ALL power before servicing.

1.	 	 Disconnect the heater lead in wires.
2.	 	 Using an ohmmeter, check heater continuity - should 

test continuous. If not, replace.
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Refrigeration Repair Practice

DANGER

Always remove the refrigerant charge in a proper manner 
before applying heat to the system.

When repairing the refrigeration system:

WARNING

Disconnect ALL power before servicing.

1.	 	 Never open a system that is under vacuum.  Air and 
moisture will be drawn in.

2.	 	 Plug or cap all openings.
3.	 	 Remove all burrs and clean the brazing surfaces 

of the tubing with sand cloth or paper.  Brazing 
materials do not flow well on oxidized or oily 
surfaces. 

4.	 	 Clean the inside of all new tubing to remove oils and 
pipe chips.

5.	 	 When brazing, sweep the tubing with dry nitrogen 
to prevent the formation of oxides on the inside 
surfaces.

6.	 	 Complete any repair by replacing the liquid line drier 
in the system, evacuate and charge. 

Brazing Materials
Copper to Copper Joints - Sil-Fos used without flux 
(alloy of 15% silver, 80% copper, and 5% phosphorous).  
Recommended heat 1400°F.

Copper to Steel Joints - Silver Solder used without 
a flux (alloy of 30% silver, 38% copper, 32% zinc).  
Recommended heat  - 1200°F.
Aluminum to Aluminum & Copper to Aluminum Joints 
– ZA-1 Brazing Rods use Flux System Cesium-Based 
Polymer System (alloy of 78% Zinc and 22% Aluminum). 
Melting point 826*F Flow point 905*F.

Standing Pressure Test (Recommended before 
System Evacuation)

WARNING

To avoid the risk of fire or explosion, never use 
oxygen, high pressure air or flammable gases 
for leak testing of a refrigeration system.

WARNING

To avoid possible explosion, the line from the 
nitrogen cylinder must include a pressure 
regulator and a pressure relief valve. The 
pressure relief valve must be set to open at no 
more than 450 psig.

Using dry nitrogen, pressurize the system to 450 PSIG. 
Allow the pressure to stabilize and hold for 15 minutes 
(minimum). If the pressure does not drop below 450 PSIG 
the system is considered leak free. Proceed to system 
evacuation using the Deep Vacuum Method. If after 15 
minutes the pressure drops below 450 PSIG follow the 
procedure outlined below to identify system leaks. Repeat 
the Standing Pressure Test.

Leak Testing (Nitrogen or Nitrogen-Traced)

WARNING

To avoid the risk of fire or explosion, never use 
oxygen, high pressure air or flammable gases 
for leak testing of a refrigeration system.

WARNING

To avoid possible explosion, the line from the 
nitrogen cylinder must include a pressure 
regulator and a pressure relief valve. The 
pressure relief valve must be set to open at no 
more than 450 psig.

Leak test the system using dry nitrogen and soapy 
water to identify leaks. If you prefer to use an electronic 
leak detector, charge the system to 10 PSIG with the 
appropriate system refrigerant (see Serial Data Plate 
for refrigerant identification). Do not use an alternative 
refrigerant. Using dry nitrogen finish charging the system 
to 450 PSIG. Apply the leak detector to all suspect areas. 
When leaks are discovered, repair the leaks, and repeat 
the pressure test. If leaks have been eliminated proceed to 
system evacuation.

System Evacuation
Condensing unit liquid and suction valves are closed to 
contain the charge within the unit.  The unit is shipped with 
the valve stems closed and caps installed.  Do not open 
valves until the system is evacuated. 
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WARNING

REFRIGERANT UNDER PRESSURE! 
Failure to follow proper procedures may cause 
property damage, personal injury or death.

NOTE: Scroll compressors should never be used 
to evacuate or pump down a heat pump or air 
conditioning system.

CAUTION

Prolonged operation at suction pressures less 
than 20 psig for more than 5 seconds will result 
in overheating of the scrolls and permanent 
damage to the scroll tips, drive bearings and 
internal seal.

Deep Vacuum Method (Recommended)
The Deep Vacuum Method requires a vacuum pump 
rated for 500 microns or less. This method is an effective 
and efficient way of assuring the system is free of non-
condensable air and moisture. As an alternative, the Triple 
Evacuation Method is detailed in the Service Manual for 
this product model.

It is recommended to remove the Schrader Cores from the 
service valves using a core-removal tool to expedite the 
evacuation procedure.

1.	 Connect the vacuum pump, micron gauge, and 
vacuum rated hoses to both service valves. 
Evacuation must use both service valves to eliminate 
system mechanical seals.

2.	 Evacuate the system to less than 500 microns.
3.	 Isolate the pump from the system and hold vacuum 

for 10 minutes (minimum). Typically, pressure will rise 
slowly during this period. If the pressure rises to less 
than 1000 microns and remains steady, the system is 
considered leak-free; proceed to system charging and 
startup.

4.	 If pressure rises above 1000 microns but holds steady 
below 2000 microns, non-condensable air or moisture 
may remain or a small leak is present. Return to step 
2: If the same result is achieved check for leaks and 
repair.  Repeat the evacuation procedure.

5.	 If pressure rises above 2000 microns, a leak is 
present. Check for leaks and repair. Repeat the 
evacuation procedure.
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Triple Evacuation Method (Alternate) 
1.	 	 Evacuate the system to 4000 microns and hold for 15 

minutes. Break the vacuum with dry nitrogen, bring 
the system pressure to 2-3 PSIG, and hold for 20 
minutes. Release the nitrogen, 

2.	 	 Evacuate to 1500 microns and hold for 20 minutes. 
Break the vacuum with dry nitrogen again, bring the 
system pressure back to 2-3 PSIG, and hold for 20 
minutes. 

3.	 	 Evacuate the system to 500 microns and hold for 60 
minutes.

4.	 	 If the pressure rises to 1000 microns or less and 
remains steady the system is considered leak free; 
proceed to start-up.

LOW SIDE
GAUGE

AND VALVE

HIGH SIDE
GAUGE

AND VALVE

Evacuation
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Charging

WARNING
REFRIGERANT UNDER PRESSURE!

•	 Do not overcharge system with refrigerant.
•	 Do not operate unit in a vacuum or at negative 

pressure.
Failure to follow proper procedures may cause property 
damage, personal injury or death.

CAUTION
Only use refrigerant certified to AHRI standards. Used 
refrigerant may cause compressor damage. Goodman is not 
responsible for damage or the need for repairs resulting 
from the use of unapproved refrigerant types or used or 
recycled refrigerant. Most portable machinces cannot clean 
used refrigerant to meet AHRI standards.

CAUTION
Operating the compressor with the suction valve closed will 
cause serious compressor damage.

Charge the system with the exact amount of refrigerant.

Refer to the specification section or check the unit 
nameplates for the correct refrigerant charge.

An inaccurately charged system will cause future 
problems.

1.	 	 Using a quality set of charging scales, weigh the 
proper amount of refrigerant for the system. Allow 
liquid refrigerant only to enter the high side.

2.	 	 After the system will take all it will take, close the 
valve on the high side of the charging manifold.

3.	 	 Start the system and charge the balance of the 
refrigerant through the low side.

NOTE: R410A should be drawn out of the storage 
container or drum in liquid form due to its fractionation 
properties, but should be “Flashed” to its gas state 
before entering the system. There are commercially 
available restriction devices that fit into the system 
charging hose set to accomplish this.  DO NOT charge 
liquid R410A into the compressor.

4.	 	 With the system still running, close the valve on the 
charging cylinder.  At this time, you may still have 
some liquid refrigerant in the charging cylinder hose 
and will definitely have liquid in the liquid hose.  
Reseat the liquid line core.  Slowly open the high 
side manifold valve and transfer the liquid refrigerant 
from the liquid line hose and charging cylinder hose 
into the suction service valve port.  CAREFUL:  
Watch so that liquid refrigerant does not enter the 
compressor.

Due to their design, Scroll compressors are inherently more 
tolerant of liquid refrigerant.

NOTE:  Even though the compressor section of a 
scroll compressor is more tolerant of liquid refrigerant, 
continued floodback or flooded start conditions may 
wash oil from the bearing surfaces causing premature 
bearing failure.

Checking Compressor Efficiency
The reason for compressor inefficiency is broken or 
damaged scroll flanks on Scroll compressors, reducing the 
ability of the compressor to pump refrigerant vapor.

The condition of the scroll flanks is checked in the following 
manner.

1.	  	Attach gauges to the high and low side of the 
system.

2.	  	Start the system and run a “Cooling Performance 
Test.

If the test shows:
A.	 	 Below normal high side pressure.
B.	 	 Above normal low side pressure.
C.		 Low temperature difference across coil.
D.		 Low amp draw at compressor.

And the charge is correct. The compressor is faulty - 
replace the compressor.

Thermostatic Expansion Valve
The expansion valve is designed to control the rate of liquid 
refrigerant flow into an evaporator coil in exact proportion 
to the rate of evaporation of the refrigerant in the coil.  The 
amount of refrigerant entering the coil is regulated since 
the valve responds to temperature of the refrigerant gas 
leaving the coil (feeler bulb contact) and the pressure of the 
refrigerant in the coil.

This regulation of the flow prevents the return of liquid 
refrigerant to the compressor.

The three forces which govern the operation of the valve 
are:  (1) the pressure created in the power assembly by the 
feeler bulb, (2) evaporator pressure, and (3) the equivalent 
pressure of the superheat spring in the valve.
0% bleed type expansion valves are used on the indoor 
coils.  The 0% valve will not allow the system pressures 
(High and Low side) to equalize during the shut down 
period.  The valve will shut off completely at approximately 
100 PSIG Pressure.

Good thermal contact between the feeler bulb and the 
suction line is essential to satisfactory valve control and 
performance.
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PSIG       °F PSIG     °F PSIG    °F PSIG    °F PSIG    °F PSIG    °F
12 -37.7 114.0 37.8 216.0 74.3 318.0 100.2 420.0 120.7 522.0 137.6
14 -34.7 116.0 38.7 218.0 74.9 320.0 100.7 422.0 121.0 524.0 137.9
16 -32.0 118.0 39.5 220.0 75.5 322.0 101.1 424.0 121.4 526.0 138.3
18 -29.4 120.0 40.5 222.0 76.1 324.0 101.6 426.0 121.7 528.0 138.6
20 -36.9 122.0 41.3 224.0 76.7 326.0 102.0 428.0 122.1 530.0 138.9
22 -24.5 124.0 42.2 226.0 77.2 328.0 102.4 430.0 122.5 532.0 139.2
24 -22.2 126.0 43.0 228.0 77.8 330.0 102.9 432.0 122.8 534.0 139.5
26 -20.0 128.0 43.8 230.0 78.4 332.0 103.3 434.0 123.2 536.0 139.8
28 -17.9 130.0 44.7 232.0 78.9 334.0 103.7 436.0 123.5 538.0 140.1
30 -15.8 132.0 45.5 234.0 79.5 336.0 104.2 438.0 123.9 540.0 140.4
32 -13.8 134.0 46.3 236.0 80.0 338.0 104.6 440.0 124.2 544.0 141.0
34 -11.9 136.0 47.1 238.0 80.6 340.0 105.1 442.0 124.6 548.0 141.6
36 -10.1 138.0 47.9 240.0 81.1 342.0 105.4 444.0 124.9 552.0 142.1
38 -8.3 140.0 48.7 242.0 81.6 344.0 105.8 446.0 125.3 556.0 142.7
40 -6.5 142.0 49.5 244.0 82.2 346.0 106.3 448.0 125.6 560.0 143.3
42 -4.5 144.0 50.3 246.0 82.7 348.0 106.6 450.0 126.0 564.0 143.9
44 -3.2 146.0 51.1 248.0 83.3 350.0 107.1 452.0 126.3 568.0 144.5
46 -1.6 148.0 51.8 250.0 83.8 352.0 107.5 454.0 126.6 572.0 145.0
48 0.0 150.0 52.5 252.0 84.3 354.0 107.9 456.0 127.0 576.0 145.6
50 1.5 152.0 53.3 254.0 84.8 356.0 108.3 458.0 127.3 580.0 146.2
52 3.0 154.0 54.0 256.0 85.4 358.0 108.8 460.0 127.7 584.0 146.7
54 4.5 156.0 54.8 258.0 85.9 360.0 109.2 462.0 128.0 588.0 147.3
56 5.9 158.0 55.5 260.0 86.4 362.0 109.6 464.0 128.3 592.0 147.9
58 7.3 160.0 56.2 262.0 86.9 364.0 110.0 466.0 128.7 596.0 148.4
60 8.6 162.0 57.0 264.0 87.4 366.0 110.4 468.0 129.0 600.0 149.0
62 10.0 164.0 57.7 266.0 87.9 368.0 110.8 470.0 129.3 604.0 149.5
64 11.3 166.0 58.4 268.0 88.4 370.0 111.2 472.0 129.7 608.0 150.1
66 12.6 168.0 59.0 270.0 88.9 372.0 111.6 474.0 130.0 612.0 150.6
68 13.8 170.0 59.8 272.0 89.4 374.0 112.0 476.0 130.3 616.0 151.2
70 15.1 172.0 60.5 274.0 89.9 376.0 112.4 478.0 130.7 620.0 151.7
72 16.3 174.0 61.1 276.0 90.4 378.0 112.6 480.0 131.0 624.0 152.3
74 17.5 176.0 61.8 278.0 90.9 380.0 113.1 482.0 131.3 628.0 152.8
76 18.7 178.0 62.5 280.0 91.4 382.0 113.5 484.0 131.6 632.0 153.4
78 19.8 180.0 63.1 282.0 91.9 384.0 113.9 486.0 132.0 636.0 153.9
80 21.0 182.0 63.8 284.0 92.4 386.0 114.3 488.0 132.3 640.0 154.5
82 22.1 184.0 64.5 286.0 92.8 388.0 114.7 490.0 132.6 644.0 155.0
84 23.2 186.0 65.1 288.0 93.3 390.0 115.0 492.0 132.9 648.0 155.5
86 24.3 188.0 65.8 290.0 93.8 392.0 115.5 494.0 133.3 652.0 156.1
88 25.4 190.0 66.4 292.0 94.3 394.0 115.8 496.0 133.6 656.0 156.6
90 26.4 192.0 67.0 294.0 94.8 396.0 116.2 498.0 133.9 660.0 157.1
92 27.4 194.0 67.7 296.0 95.2 398.0 116.6 500.0 134.0 664.0 157.7
94 28.5 196.0 68.3 298.0 95.7 400.0 117.0 502.0 134.5 668.0 158.2
96 29.5 198.0 68.9 300.0 96.2 402.0 117.3 504.0 134.8 672.0 158.7
98 30.5 200.0 69.5 302.0 96.6 404.0 117.7 506.0 135.2 676.0 159.2

100 31.2 202.0 70.1 304.0 97.1 406.0 118.1 508.0 135.5 680.0 159.8
102 32.2 204.0 70.7 306.0 97.5 408.0 118.5 510.0 135.8 684.0 160.3
104 33.2 206.0 71.4 308.0 98.0 410.0 118.8 512.0 136.1 688.0 160.8
106 34.1 208.0 72.0 310.0 98.4 412.0 119.2 514.0 136.4 692.0 161.3
108 35.1 210.0 72.6 312.0 98.9 414.0 119.6 516.0 136.7 696.0 161.8
110 35.5 212.0 73.2 314.0 99.3 416.0 119.9 518.0 137.0
112 36.9 214.0 73.8 316.0 99.7 418.0 120.3 520.0 137.3

 *Based on ALLIED SIGNAL Data

Pressure vs. Temperature Chart
R-410A
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The bulb must be securely fastened to a clean straight 
section of the suction line.  Application of the bulb to a 
horizontal run of line is preferred.  If a vertical installation 
cannot be avoided the bulb should be mounted so that the 
capillary tubing comes out at the top.

THE VALVES PROVIDED ARE DESIGNED TO MEET 
THE SPECIFICATION REQUIREMENTS FOR OPTIMUM 
PRODUCT OPERATION.  DO NOT USE SUBSTITUTES
.
Overfeeding
Overfeeding by the expansion valve results in high suction 
pressure, cold suction line, and possible liquid slugging of 
the compressor.

If these symptoms are observed:
5.	 	 Check for an overcharged unit by referring to the 

cooling performance charts in the servicing section.
6.	 	 Check the operation of the power element in the 

valve as explained in Checking Expansion Valve 
Operation.

7.	 	 Check for restricted or plugged equalizer tube.

Underfeeding
Underfeeding by the expansion valve results in low system 
capacity and low suction pressures.

If these symptoms are observed:
1.	 	 Check for a restricted liquid line or drier.  A restriction 

will be indicated by a temperature drop across the 
drier.

2.	 	 Check the operation of the power element of the 
valve as described in Checking Expansion Valve 
Operation.

Superheat
The expansion valves are factory adjusted to maintain 
12  to 15 degrees superheat of the suction gas.  Before 
checking the superheat or replacing the valve, perform 
all the procedures outlined under Air Flow, Refrigerant 
Charge, Expansion Valve - Overfeeding, Underfeeding.  
These are the most common causes for evaporator 
malfunction.

Checking Superheat
Refrigerant gas is considered superheated when its 
temperature is higher than the saturation temperature 
corresponding to its pressure.  The degree of superheat 
equals the degrees of temperature increase above 
the saturation temperature at existing pressure.  See 
Temperature - Pressure Chart on following page.

CAUTION
To prevent personal injury, carefully connect and 
disconnect manifold gauge hoses. Escaping liquid 
refrigerant can cause burns. Do not vent refrigerant to 
atmosphere. Recover during system repair or final unit 
disposal. 

1.	 	 Run system at least 10 minutes to allow pressure to 
stabilize.

2.	 	 Temporarily install thermometer on suction (large) 
line near compressor  with adequate contact and 
insulate for best possible reading.

3.	 	 Refer to the superheat table provided for proper 
system superheat. Add charge to lower superheat or 
recover charge to raise superheat.

Superheat Formula = Suct. Line Temp. - Sat. Suct. Temp.

EXAMPLE:
A.	 	 Suction Pressure = 143	
B.	 	 Corresponding Temp. °F. = 50
C.		 Thermometer on Suction Line = 61°F.

To obtain the degrees temperature of superheat, subtract 
50.0 from 61.0°F.

The difference is 11° Superheat.  The 11° Superheat would 
fall in the ± range of allowable superheat.

65 70 75 80 85

100 - - - 10 10
95 - - 10 10 10
90 - - 12 15 18
85 - 10 13 17 20
80 - 10 15 21 26
75 10 13 17 25 29
70 10 17 20 28 32
65 13 19 26 32 35
60 17 25 30 33 37

Return Air Temp. (°F Drybulb)Ambient Condenser 
Inlet Temp 

(°F Drybulb)

Superheat And Subcooling Adjustment On Txv 
Applications

1.	 	 Run system at least 10 minutes to allow pressure to 
stabilize.

2.	 	 Temporarily install thermometer on liquid (small) line 
near pressure switches with adequate contact and 
insulate for best possible reading.

3.	  Check subcooling and superheat. Systems with TXV 
application should have a subcooling and superheat 
of 12 - 15 ºF.
A.	 If subcooling and superheat are low, adjust TXV 

to 9 ± 3ºF then check subcooling.
B.	 If subcooling is low and superheat is high, add 

charge to raise subcooling to 10ºF then check 
superheat.
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LIQUID PRESSURE
 AT SERVICE VALVE (PSIG) 8 10 12 14 16 18

189 58 56 54 52 50 48
195 60 58 56 54 52 50
202 62 60 58 56 54 52
208 64 62 60 58 56 54
215 66 64 62 60 58 56
222 68 66 64 62 60 58
229 70 68 66 64 62 60
236 72 70 68 66 64 62
243 74 72 70 68 66 64
251 76 74 72 70 68 66
259 78 76 74 72 70 68
266 80 78 76 74 72 70
274 82 80 78 76 74 72
283 84 82 80 78 76 74
291 86 84 82 80 78 76
299 88 86 84 82 80 78
308 90 88 86 84 82 80
317 92 90 88 86 84 82
326 94 92 90 88 86 84
335 96 94 92 90 88 86
345 98 96 94 92 90 88
354 100 98 96 94 92 90
364 102 100 98 96 94 92
374 104 102 100 98 96 94
384 106 104 102 100 98 96
395 108 106 104 102 100 98
406 110 108 106 104 102 100
416 112 110 108 106 104 102
427 114 112 110 108 106 104
439 116 114 112 110 108 106
450 118 116 114 112 110 108
462 120 118 116 114 112 110
474 122 120 118 116 114 112
486 124 122 120 118 116 114
499 126 124 122 120 118 116
511 128 126 124 122 120 118

REQUIRED SUBCOOLING TEMPERATURE (°F)                                        
REQUIRED LIQUID LINE TEMPERATURE
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C.	 If subcooling and superheat are high, adjust TXV 
valve to 12 - 15 ºF then check subcooling.  
If subcooling is high and superheat is low, adjust 
TXV valve to 12 - 15 ºF superheat and remove 
charge to lower the subcooling to 2 - 15 ºF.

The TXV should NOT be adjusted at light load conditions 
55º to 60ºF, under such conditions only the subcooling 
can be evaluated. This is because suction pressure is 
dependent on the indoor coil match, indoor airflow, and wet 
bulb temperature.

NOTE: Do NOT adjust charge based on suction 
pressure unless there is a gross undercharge.

4.	 Disconnect manifold set. Installation is complete.

Checking Subcooling
Refrigerant liquid is considered subcooled when its 
temperature is lower than the saturation temperature 
corresponding to its pressure.  The degree of subcooling 
equals the degrees of temperature decrease below the 
saturation temperature at the existing pressure.

1.	 	 Attach an accurate thermometer or preferably a 
thermocouple type temperature tester to the liquid 
line close to the pressure switch.

2.	 	 Install a high side pressure gauge on the high side 
(liquid) service valve at the front of the unit.

3.	 	 Record the gauge pressure and the temperature of 
the line.

4.	 	 Compare the hi-pressure reading to the "Required 
Liquid Line Temperature" chart on the following 
page. Find the hi-pressure value on the left column. 
Follow that line right to the column under the design 
subcooling value. Where the two intersect is the 
required liquid line temperature. 

Alternately you can convert the liquid line pressure gauge 
reading to temperature by finding the gauge reading in 
Temperature - Pressure Chart and reading to the left, find 
the temperature in the °F. Column.

5.	 	 The difference between the thermometer reading and 
pressure to temperature conversion is the amount of 
subcooling.

Add charge to raise subcooling. Recover charge to lower 
subcooling.

Subcooling Formula = Sat. Liquid Temp. - Liquid Line 
Temp.

EXAMPLE:
A.	 	 Liquid Line Pressure = 417
B.	 	 Corresponding Temp. °F. = 120°
C.		 Thermometer on Liquid line = 109°F.

To obtain the amount of subcooling subtract 109°F from 
120°F.

The difference is 11° subcooling. See the specification 
sheet or technical information manual for the design 
subcooling range for your unit.

Checking expansion valve operation
1.	 	 Remove the remote bulb of the expansion valve from 

the suction line.
2.	 	 Start the system and cool the bulb in a container of 

ice water, closing the valve.  As you cool the bulb, 
the suction pressure should fall and the suction 
temperature will rise.

3.	 	 Next warm the bulb in your hand.  As you warm the 
bulb, the suction pressure should rise and the suction 
temperature will fall.

4.	 	 If a temperature or pressure change is noticed, 
the expansion valve is operating.  If no change is 
noticed, the valve is restricted,  the power element is 
faulty, or the equalizer tube is plugged.

5.	 	 Capture the charge, replace the valve and drier and 
evacuate.

Fixed Orifice Restrictor Devices
The fixed orifice restrictor device (flowrator) used in 
conjunction with the indoor coil is a predetermined bore 
(I.D.).

It is designed to control the rate of liquid refrigerant flow 
into an evaporator coil.

The amount of refrigerant that flows through the fixed 
orifice restrictor device is regulated by the pressure 
difference between the high and low sides of the system.

In the cooling cycle when the outdoor air temperature rises, 
the high side condensing pressure rises.  At the same time, 
the cooling load on the indoor coil increases, causing the  
low side pressure to rise, but at a slower rate.
Since the high side pressure rises faster when the 
temperature increases, more refrigerant flows to the 
evaporator, increasing the cooling capacity of the system.

When the outdoor temperature falls, the reverse takes 
place.  The condensing pressure falls, and the cooling 
loads on the indoor coil decreases, causing less refrigerant 
flow.

A strainer is placed on the entering side of the tube to 
prevent any foreign material from becoming lodged inside 
the fixed orifice restriction device.
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If a restriction should become evident, proceed as follows:
1.	 	 Recover refrigerant charge.
2.	 	 Remove the orifice or tube strainer assembly and 

replace.
3.	 	 Replace liquid line drier, evacuate and recharge.

Checking Equalization Time
During the "OFF" cycle, the high side pressure bleeds to 
the low side through the fixed orifice restriction device.  
Check equalization time as follows:

1.	 	 Attach a gauge manifold to the suction and liquid line 
dill valves.

2.	 	 Start the system and allow the pressures to stabilize.
3.	 	 Stop the system and check the time it takes for the 

high and low pressure gauge readings to equalize.

If it takes more than seven (7) minutes to equalize, the 
restrictor device is inoperative. Replace, install a liquid line 
drier, evacuate and recharge.

Checking Restricted Liquid Line
When the system is operating, the liquid line is warm to the 
touch.  If the liquid line is restricted, a definite temperature 
drop will be noticed at the point of restriction.  In severe 
cases, frost will form at the restriction and extend down the 
line in the direction of the flow.

Discharge and suction pressures will be low, giving the 
appearance of an undercharged unit.  However, the unit 
will have normal to high subcooling.

Locate the restriction, replace the restricted part, replace 
drier, evacuate and recharge.

Overcharge Of Refrigerant
An overcharge of refrigerant is normally indicated by an 
excessively high head pressure.

An evaporator coil, using an expansion valve metering 
device, will basically modulate and control a flooded 
evaporator and prevent liquid refrigerant return to the 
compressor.
An evaporator coil, using a fixed orifice restrictor device 
(flowrator) metering device, could allow liquid refrigerant 
to return to the compressor under extreme overcharge 
conditions.

Also with a fixed orifice restrictor device (flowrator) 
metering device, extreme cases of insufficient indoor air 
can cause icing of the indoor coil and liquid refrigerant 
return to the compressor, but the head pressure would be 
lower.

There are other causes for high head pressure.

If other causes check out normal, an overcharge or a 
system containing non-condensables would be indicated.

If this system is observed:
1.	 	 Start the system.
2.	 	 Remove and capture small quantities of refrigerant 

as from the suction line access fitting until the head 
pressure is reduced to normal.

3.	 	 Observe the system while running a cooling 
performance test. If a shortage of refrigerant 
is indicated, then the system contains non-
condensables.

Non-Condensables
If non-condensables are suspected, shut down the system 
and allow the pressures to equalize   Wait at least 15 
minutes.  Compare the pressure to the temperature of the 
coldest coil since this is where most of the refrigerant will 
be.  If the pressure indicates a higher temperature than that 
of the coil temperature, non-condensables are present.
Non-condensables are removed from the system by first 
removing the refrigerant charge, replacing and/or installing 
liquid line drier, evacuating and recharging.

Compressor Burnout
When a compressor burns out, high temperature develops 
causing the refrigerant, oil and motor insulation to 
decompose forming acids and sludge.

If a compressor is suspected of being burned-out, attach 
a refrigerant hose to the liquid line dill valve and properly 
remove and dispose of the refrigerant.

NOTICE
Violation of EPA regulations may result in fines or other 
penalties. 

Now determine if a burn out has actually occurred.  Confirm 
by analyzing an oil sample using a Sporlan Acid Test Kit, 
AK-3 or its equivalent.

Remove the compressor and obtain an oil sample from the 
suction stub.  If the oil is not acidic, either a burnout has not 
occurred or the burnout is so mild that a complete clean-up 
is not necessary.

If acid level is unacceptable, the system must be cleaned 
by using the clean-up drier method.

CAUTION
Do not allow the sludge or oil to contact the skin. Severe 
burns may result. 
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NOTE:  The Flushing Method using R-11 refrigerant 
is no longer approved by Amana® Brand Heating-
Cooling.

Suction Line Drier Clean-Up Method
The POE oils used with R410A refrigerant is an excellent 
solvent. In the case of a burnout, the POE oils will remove 
any burnout residue left in the system. If not captured by 
the refrigerant filter, they will collect in the compressor 
or other system components, causing a failure of the 
replacement compressor and/or spread contaminants 
throughout the system, damaging additional components.

The suction line filter drier should be installed as close to 
the compressor suction fitting as possible. The filter must 
be accessible and be rechecked for a pressure drop after 
the system has operated for a time. It may be necessary to 
use new tubing and form as required. 

NOTE:  At least twelve (12) inches of the suction line 
immediately out of the compressor stub must be 
discarded due to burned residue and contaminates.

1.	 	 Remove compressor discharge line strainer.
2.	 	 Remove the liquid line drier and expansion valve.
3.	 	 Purge all remaining components with dry nitrogen or 

carbon dioxide until clean.
4.	 	 Install new components including liquid line drier.
5.	 	 Braze all joints, leak test, evacuate, and recharge 

system.
6.	 	 Start up the unit and record the pressure drop across 

the drier.
7.	 	 Continue to run the system for a minimum of twelve 

(12) hours and recheck the pressure drop across the 
drier.  Pressure drop should not exceed 6 PSIG.

8.	 	 Continue to run the system for several days, 
repeatedly checking pressure drop across the 
suction line drier.  If the pressure drop never exceeds 
the 6 PSIG, the drier has trapped the contaminants. 
Remove the suction line drier from the system.

9.	 	 If the pressure drop becomes greater, then it must be 
replaced and steps 5 through 9 repeated until it does 
not exceed 6 PSIG.

NOTICE: Regardless, the cause for burnout must be 
determined and corrected before the new compressor 
is started.

Checking External Static Pressure
The minimum and maximum allowable duct static pressure 
is found in the Technical Information Manual.

Too great of an external static pressure will result in 
insufficient air that can cause icing of the coil, whereas too 
much air can cause poor humidity control, and condensate 
to be pulled off the evaporator coil causing condensate 
leakage.  Too much air can cause motor overloading and in 
many cases this constitutes a poorly designed system. To 
determine proper air movement, proceed as follows:

1.	 	 Using a digital manometer measure the static 
pressure of the return duct at the inlet of the unit, 
(Negative Pressure).

Total External Static 
2.	 	 Measure the static pressure of the supply duct,  

(Positive Pressure).
3.	 	 Add the two readings together.

NOTE:  Both readings may be taken simultaneously 
and read directly on the manometer if so desired.

4.	 	 Consult proper table for quantity of air.

If the external static pressure exceeds the minimum or 
maximum allowable statics, check for closed dampers, dirty 
filters, undersized or poorly laid out ductwork.

Checking Temperature Rise
Temperature rise is related to the BTUH output of the 
unit and the amount of air (CFM) circulated over the heat 
exchanger.

All units are designed for a given range of temperature 
increase. This is the temperature of the air leaving the unit 
minus the temperature of the air entering the unit.

The more air (CFM) being delivered through a given 
unit the less the rise will be; so the less air (CFM) being 
delivered, the greater the rise. The temperature rise should 
be adjusted in accordance to a given unit specifications 
and its external static pressure.

1.	 	 Check BTUH input to unit do not exceed input rating 
stamped on rating plate.

2.	 	 Take entering and leaving air temperatures.
3.	 	 Select the proper speed tap or dip switch setting for 

direct drive units.
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4.	 	 Take motor amperage draw to determine that the 
motor is not overloaded during adjustments.

RETURN 

SUPPLY

SUPPLYT

RETURNT

RISE = SUPPLY -T RETURNT

Checking Temperature Rise 

Testing Primary Limit Control
APG/GPG units use a snap-disk type primary limit device. 
Sometimes referred to as “stat on a stick”.  The limit setting 
is fixed and must not be readjusted in the field.

Testing Primary Limit Control 

Refer to the specification section to determine the proper 
limit cutout temperature for the model being serviced.

In all instances the limit control is wired in series with the 
ignition control.

If the temperature within the furnace should exceed this 
setting, the control will open, de-energizing the ignition 
control which in turn will open the electrical circuit to the 
gas valve.

The control will automatically reset when the temperature 
within the combustion chamber is sufficiently lowered.

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Remove electrical power to unit.  Some units may 
have more than one source of power.

2.	 	 Remove the wires from the limit control terminals.
3.	 	 Using an ohmmeter, test for continuity across the two 

terminals. 
4.	 	 If limit test open allow unit to cool and retest.
5.	 	 If still open, replace the control.

Testing Auxiliary Limit 
The auxiliary limit control is a preset nonadjustable control 
mounted in the blower compartment area.

It is connected in series with the rollout switch wiring to the 
gas valve.  If its temperature should be exceeded, it will 
open, interrupting the voltage to the gas valve causing it to 
open.

An additional limit (primary limit) control is required for 
safety control of high temperature within the furnace or 
ductwork.

AUX. LIMIT
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WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Remove the wires from the auxiliary limit control 
terminals.

2.	 	 Using an ohmmeter, test for continuity across the two 
terminals.  No reading indicates the control is open.  
Push the red reset button, test again - if still open, 
replace the control.

Testing Auxiliary Limit Control

Checking Flame Rollout Switch
APU/GPU units are equipped with a temperature-activated 
manual reset control. This control is mounted to the 
manifold assembly and is wired in series with the auxiliary 
limit and gas valve. The control is designed to open should 
a flame roll out occur.  An over firing condition or flame 
impingement on the heat shield can also cause the control 
to open.

If the rollout control has opened, the circuit between the 
ignition control and gas valve will be interrupted and the 
ignition control module will go into lockout. The servicer 
should reset the ignition control by opening and closing the 
thermostat circuit.  The servicer should look for the ignitor 
sparking which indicates there is power to the ignition 
control.  The servicer should measure the voltage between 
each side of the rollout control and ground while the ignition 
control is try to power the gas valve.

Checking Flame Rollout Switch

Limit Switch Operation (Applies to Primary, Auxilia-
ry, and Roll Out Limits) DSI systems.
If a limit switch opens, the indoor blower is energized on 
heat speed and the induced draft blower is energized.  The 
LED on the control flashes “4” to indicate an open limit 
switch.  The blower and inducer remain on while the limit 
switch is open.  The gas valve is de-energized.  Power to 
the thermostat “R” is removed while the limit switch is open.

When the limit switch re-closes, the induced draft motor 
runs through its post purge and the indoor blower goes 
through the heat off delay.  

If a call for heat exists when the limit switch re-closes, the 
control goes through a pre-purge period and then makes 
an ignition attempt.  The indoor blower remains on (for the 
delay off time) during the re-ignition attempt.
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1.	 	 If no voltage is measured on either side of control it	
indicates ignition control or wiring to control problem.

2.	 	 If voltage is measured on one side of the control and	
not the other, it indicates the control is open.

3.	 	 If voltage is measured on both sides of the control 
the wiring to gas valve or valve is at fault.

Testing Inducer Motor

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Disconnect the motor wire leads from its connection 
point at integrated ignition control module.

2.	 	 Using and ohmmeter, test for continuity between 
each of the motor leads.

3.	 	 Touch one probe of the ohmmeter to the motor frame 
(ground) and the other probe in turn to each lead. 

If the windings do not test continuous or a reading is 
obtained to ground, replace the motor.

4.	 	 After completing check and/or replacement of 
induced draft blower motor.

5.	 	 Turn on electrical power and verify proper unit 
operation.

Testing Gas Valve
Direct Spark Ignition (DSI) Systems
A combination redundant operator type gas valve which 
provides all manual and automatic control functions 
required for gas fired heating equipment is used on single 
stage models.

Checking Orifices
Orifices should be treated with care in order to prevent 
damage.  They should be removed and installed with 
a box-end wrench in order to prevent distortion.  In no 
instance should an orifice be peened over and redrilled.  
This will change the angle or deflection of the vacuum 
effect or entraining of primary air, which will make it difficult 
to adjust the flame properly.  This same problem can occur 
if an orifice spud of a different length is substituted.

WARNING
Disconnect Gas and electrical power supply. 

Checking Gas Pressure
Gas inlet and manifold pressures should be checked and 
adjusted in accordance to the type of fuel being consumed.

WARNING
Disconnect Gas and electrical power supply. 

NOTE: Use adapter kit 0151K00000S to measure gas 
pressure on White-Rodgers 36J22 gas valves.

1.	 	 Connect a digital manometer or adequate gauge to 
the inlet pressure fitting of the gas valve.

2.	 	 Remove the pressure tap fitting at the manifold if 
provided or check at the gas valve outlet fitting and 
connect another manometer or gauge.

White Rodgers Model 36J22 Gas Valve 

Measuring Inlet and Manifold Gas Pressure 
With power ON: 

WARNING

Line voltage now present 

3.	 	 Put  furnace into heating cycle and turn on all other 
gas consuming appliances.
A.	 Inlet pressure should be a nominal 7” w.c.
B.	 Measure gas manifold pressure with burners 

firing. Adjust manifold pressure using the table 
below. 

Natural Gas 2.8" - 3.2" w.c.

Manifold Gas Pressure
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If operating pressures differ from above, make necessary 
pressure regulator adjustments, check piping size, etc., 
and/or consult with local utility.

Checking Pressure Transducer
The pressure transducer is a pressure sensing device that 
allows the control to modulate the inducer motor through 
the heating cycle. The transducer contains electronic 
circuitry and must not be subjected to any voltage source 
other than factory wiring. Refer to the Troubleshooting chart 
beginning on page 37 for diagnosing suspected issues.

Sensing Range Specification: 0.0-4.0 inches W.C.

Voltage Specifications:
•		 Steady State: 5.0 vDC from red to green wire 

(transducer wiring harness input)
•		 With Inducer off: 0.5 vDC from black to green wire 

(transducer wiring harness output).
•		 During operation: Output range equals 0.5 - 4.5 vDC

Potential Errors:
1.	 	 Control board does not receive 0.25 vDC for inducer 

motor with motor off
A.	 Will result in 2-flash error code on the control 

board
2.	 	 Control board does not receive the required voltage 

change (0.5 - 4.5 vDC) during inducer motor 
operation.
A.	 Will result in 3-flash error code on the control 

board

Pressure Sensor: The pressure sensor is mounted near 
induced draft blower. Its function is to regulate the induced 
draft blower’s speed in order to maintain proper air-fuel 
ratio for clean and reliable combustion. The pressure 
sensor also guards against insufficient airflow (combustion 
air and flue products) through the heat exchanger.

The pressure sensor should read approximately -2.5 in. 
w.c. for the 40,000 BTU/hr models, -2.2 in. w.c. for the 
60,000 BTU/hr models and -1.9 in. w.c. for the 80,000 BTU/
hr models.

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

Field Test Mode
Function: When the SW1 button is pressed and held until 
the LED is blinking in AMBER (more than 10 seconds, less 
than 15 seconds), the control will execute a field test mode 
sequence to cycle through component operation.

Operation: The control must be powered and the 
thermostat satisfied (no call for heat or cool). Depress and 
hold the SW1 button for more than 10 seconds, but less 
than 15 seconds until the LED is blinking in AMBER, then 
release. The control will execute the following functions:

1.	 Blower – “Heat” Speed for 15 seconds
2.	 Blower – “Cool” Speed for 15 seconds
3.	 Blower – “Fan” Speed for 15 seconds
4.	 Spark Igniter for 17 seconds
5.	 Inducer – “Run” setting 15 seconds
6.	 Inducer – 2.0” w.c. for 60 seconds
7.	 Return to OFF mode

Once the Field Test Mode is initiated, all thermostat inputs 
will be ignored until the field test sequence is completed. 
If the SW1 button is held for more than 15 seconds, the 
button press will be ignored, and the LED display will return 
to its prior state.

Checking Integrated Igntion Control Board

NOTE: Failure to earth ground the unit, or a high 
resistance connection in the ground may cause the 
control to lockout due to failure to sense flame. The 
ground wire must run from the unit ground to the 
electrical panel ground.

WARNING
To avoid personal injury or death due to electric shock, 
wiring to the unit must be properly grounded. Disconnect 
power before installing or servicing.

The ignition control is a combination electronic and 
electromechanical device and is not field repairable.

The tests below must be completed within a given time 
frame due to the operation of the ignition control.

1.	 Check for 230 volts from Line 1 to Line 2 at the 
ignition control. 

2.	 Check for 24 volts from W to C terminals on the 
ignition control. If no voltage, check transformer, room 
thermostat and wiring. 
If you have 24 volts coming off the transformer, but 
have approximately 13 volts between C and R, check 
for blown fuse.

3.	 Check for 230 volts to the induced draft blower by 
measuring voltage between Pins 4 & 5 on 5-pin 
connector.

4.	 If voltage is present in Steps 1 through 3 and the 
induced draft blower is operating, check for spark 
igniter and 24 volts to gas valve.  

Checking For Delayed Ignition
Delayed ignition is a delay in lighting a combustible mixture 
of gas and air which has accumulated in the combustion 
chamber.
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When the mixture does ignite, it may explode and/or rollout 
causing burning in the burner venturi.

If delayed ignition should occur, the following should be 
checked:

1.	 	 Improper gas pressure - adjust to proper pressure.	
Improper burner positioning - burners should be in 
locating slots, level front to rear and left to right.

2.	 	 Carry over (lighter tube or cross lighter) obstructed - 
clean.

3.	 	 Main burner orifice(s) deformed, or out of alignment 
to burner - replace.

Checking For Flashback
Flashback will also cause burning in the burner venturi, but 
is caused by the burning speed being greater than the gas-
air flow velocity coming from a burner port.

Flashback may occur at the moment of ignition, after a 
burner heats up or when the burner turns off.  The latter is 
known as extinction pop.

Since the end results of flashback and delayed ignition 
can be the same (burning in the burner venturi) a definite 
attempt should be made to determine which has occurred.

If flashback should occur, check for the following:
1.	 	 Improper gas pressure - adjust to proper pressure.	

Check burner for proper alignment and/or replace 
burner.

2.	 	 Improper orifice size - check orifice for obstruction.

Checking Flame Sensor
A flame sensing device is used in conjunction with the 
ignition control module to prove combustion.  If a microamp 
signal is not present the control will de-energize the gas 
valve and “retry” for ignition or lockout.
DSI Direct Spark Ignition Systems

WARNING

High Voltage!
Disconnect all power before servicing or 
installing.  Multiple power sources may be present.  
Failure to do so may cause property damage, 
personal injury or death.

1.	 	 Disconnect the flame sensor wire from terminal FS of 
the ignition control module.

2.	 	 Connect a microamp meter in series with this wire 
and terminal FS.

3.	 	 Be sure the negative side of the meter is to the wire 
and the positive of the meter is to terminal FS.

4.	 	 Turn on Power.

WARNING

Line voltage now present 

5.	 	 With Power ON, Place the unit into a heating cycle.
6.	 	 As soon as flame is established a microamp reading 

should be evident once proof of flame (microamp 
reading) is established, the spark ignitor will be de-
energized.

7.	 	 The nominal microamp reading is 10 microamps.
8.	 	 If the microamp current is less than 3.0 microamp the 

control will lockout and flash a code of 1 Amber flash 
after attempting to reestablish flame sense.

9.	 	 If the microamp reading is less than the minimum 
specified, check for high resistance wiring 
connections, the distance (3/16”) between the sensor 
and burner, flame sensor connections, dirty flame 
sensor or poor grounding.

10.	 If no reading, check for continuity on all components 
and if good - replace ignition control module.

NOTE:  Contaminated fuel or combustion air can 
create a nearly invisible coating on the flame sensor.  
This coating works as an insulator causing a loss in 
the flame sense signal.  If this situation occurs the 
flame sensor must be cleaned with steel wool. Do not 
use sandpaper, the silicone in sandpaper will further 
contaminate the sensor.
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LED 
ACTIVITY

DESCRIPTION COLOR
MINIMUM 

LOCKOUT PERIOD
POSSIBLE CAUSES CORRECTIVE ACTIONS

LED OFF
NO 24 VAC POWER 

TO CONTROL
N/A N/A

• No 240 volt power to unit 
or 24 volt power to control 
module.

• Confirm 240- and 24-volt power to integrated 
control board.
• Check for possible shorts in 240- and 24-volt 
circuits. Repair as necessary.

RED, 
AMBER, 
GREEN

POWER-UP 
VERIFICATION OF LED

N/A N/A

STEADY ON
CONTROL FAULT 

DETECTED
RED

1 HOUR OR 
HARD LOCKOUT

• Relay failure, memory 
failure or hardware failure

• Inspect wiring connections from control board to 
all key component for damage or mis-wiring.
• Check gas valve, induced draft motor, 
transformer and other components for damaged, 
defective or grounded component. 
• Replace bad integrated control module.

1 FLASH RETRIES EXCEEDED RED 1 HOUR FIXED

• Lockout due to 3 ignition 
attempt retries.

• Check inlet and outlet gas pressure at gas valve.
• Check flame sensor signal. Clean sensor if 
coated and/or oxidized.
•  Check unit ground wiring.

2 FLASHES
PRESSURE SENSOR 

NULL ERROR
RED 5 MINUTES

• With inducer off (no call 
for heat), pressure sensor 
gets feedback from 
inducer when it should be 
zero.

• Check inducer to confirm it is not operating.
• Check inducer and pressure sensor for loose 
hose.
• Check pressure sensor wiring and correct wiring 
as needed.
• Replace pressure sensor if faulty.

3 FLASHES
PRESSURE SENSOR 

SPAN ERROR
RED 5 MINUTES

• Inducer not maintaining 
pressure setting.

• Check pressure sensor hose for blocked or 
pinched hose or improper connection.
• Check wiring connections.
• Replace pressure sensor if faulty.

4 FLASHES
HIGH LIMIT 

SWITCH OPEN
RED

MAXIMUM 
RECOVERY TIME

1 HOUR AFTER MAX 
TRIPS EXCEEDED

• Primary limit or auxiliary 
limit circuit is open.

• Check circulator blower speed and performance.
• Check filters and ductwork for any restrictions.
• Check external static pressure for undersized 
duct system.
• Check primary limit.
• Check wiring connections.

5 FLASHES
FLAME PRESENT 

WITH GAS VALVE OFF
RED 5 MINUTES

• Faulty control module. • Replace bad integrated control module.

6 FLASHES

NORMALLY CLOSED 
BLOCKED BURNER 

SWITCH / AUXILIARY 
SWITCH OPEN

RED

MAXIMUM 
RECOVERY TIME

1 HOUR IF TIME 
EXCEEDED

• Burner temperature limit 
switch open.

• Excessive flame - check inlet and outlet gas 
pressure at gas valve.
• Check induced draft blower for proper 
performance.
• Check wiring connections.

7 FLASHES
GAS VALVE CIRCUIT 

SHORTED
RED 1 HOUR

• Bad wiring.
• Faulty control module.

• Inspect wiring for damage or mis-wiring. 
• Repair/replace as needed.
• Replace bad integrated control module.

8 FLASHES RESERVED RED N/A

10 FLASHES
HIGH LIMIT SWITCH 

RECOVERY TIMER 
EXPIRED

RED
1 HOUR OR 

HARD LOCKOUT

• Primary or burner limit 
did not reset within 
specified time period.

• Check gas valve outlet pressure for over-firing.
• Check blower fan speed for correct speed 
setting.
• Check filters and ductwork for any restrictions.
• Check external static pressure for undersized 
duct system.

PCBBL216 ULN CONTROL ERROR CODES
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LED 
ACTIVITY

DESCRIPTION COLOR
MINIMUM 

LOCKOUT PERIOD
POSSIBLE CAUSES CORRECTIVE ACTIONS

STEADY ON
OEM FACTORY TEST 

MODE
AMBER N/A

RAPID 
FLASH

FIELD TEST MODE AMBER N/A

1 FLASH LOW FLAME SENSE AMBER N/A

• Flame sensor incorrectly 
positioned in burner 
flame.
• Flame sensor is coated 
and/or oxidized.
• Improper gas pressure ot 
combustion air.

• Inspect for proper sensor alignment.
• Clean flame rod.
• Compare gas pressure to rating plate info. 
Adjust as needed.

2 FLASHES ID PLUG FAILURE AMBER
HARD LOCKOUT 
HEATING MODE

• Improper ID plug. • Replace ID plug.

3 FLASHES CONTROL FUSE OPEN AMBER 5 MINUTES
• Blown fuse. • Inspect wiring for damage, mis-wiring or short to 

ground.
• Replace integrated control module fuse (3A).

STEADY ON
STANDBY NORMAL 

OPERATION NO 
THERMOSTAT CALL

GREEN N/A

RAPID 
FLASH

CLEAR ERROR 
HISTORY

GREEN N/A

1 FLASH
CALL FOR 
HEATING

GREEN N/A

2 FLASHES
CALL FOR 
COOLING

GREEN N/A

3 FLASHES
CONTINUOUS 

FAN OPERATION
GREEN N/A
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NOTICE: The cutout speed & hard start settingsare factory preset.
Changing those settings may cause early motor failure.



WIRING DIAGRAMS
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Wiring is subject to change.  Always refer to the wiring diagram on the unit for the most up-to-date wiring.
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Wiring is subject to change.  Always refer to the wiring diagram on the unit for the most up-to-date wiring.
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Wiring is subject to change.  Always refer to the wiring diagram on the unit for the most up-to-date wiring.
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CUSTOMER FEEDBACK
We are very interested in all product comments.
Please fill out the feedback form on one of the following links:
Goodman® Brand Products: (http://www.goodmanmfg.com/about/contact-us).
Amana® Brand Products: (http://www.amana-hac.com/about-us/contact-us).
You can also scan the QR code on the right for the product brand
you purchased to be directed to the feedback page. GOODMAN® BRAND AMANA® BRAND

©2021 Goodman Manufacturing Company, L.P.

 Brand® is a registered trademark of Maytag Corporation or its related companies and is used under license.  All rights reserved.
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