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Infroduction

This Guide covers Ducted Systems residential air conditioning systems, detailing the operation of the refrigeration
circuit, individual components, and setup and service of the system.

The systems discussed in this Guide include single stage and two stage cooling operation with cooling capacities ranging
from 18 to 60 thousand BTU/h cooling capacity. Not all options discussed in this guide are available on every product
line. Refer to unit specific documentation for this detail. Variable capacity air conditioning systems are discussed in a
separate Guide.

This Guide is not designed to replace the documentation provided with the equipment. The technician should always
refer to the installation and service instructions during the installation and service of any air conditioning equipment.
Follow all local, state, and federal laws, codes, rules, and regulations when performing work on any of the equipment
described in this guide.

Safety is always a concern when working on HVAC equipment. In Section 2 (Safety), many factors regarding workplace
safety are reviewed. It is the employer and technician's responsibility to identify potential safety hazards in the
workplace. This is not an all-inclusive safety document. Only qualified technicians with proper safety training should
install, service or maintain the equipment described in this guide.

Proper installation and service of air conditioning systems requires a thorough understanding of electrical and
mechanical components and system operation. In Section 3 (Component Familiarization), the air conditioning cycle,
electrical components, and field installed accessories are reviewed.

In Section 4 (Installation) and Section 5 (Start Up), basic installation and
start up procedures (including residential and commercial equipment)
are discussed.

Section 6 (Sequence of Operation) covers the electrical characteristics
and measurements of an air conditioning system. The detailed
sequence of operation will review not only the major components but
will provide a summary of the electrical components and voltages
which will be present when a system is operating properly.
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Section 7 offers insight for troubleshooting.

Section 8 (Maintenance) reviews maintenance procedures for the
various components within the air conditioning unit.

2023 Johnson Controls. All rights reserved. 4
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Safety Symbols

Reminder — use this manual in conjunction with the technical literature for each product. This manual Does Not
Supersede the Installation Manual and Technical Guide provided with the equipment. Always read and follow all
instructions before installing equipment. Understand and pay particular attention to the signal words DANGER,

WARNING or CAUTION.

ADANGER

An overpressure protection device, such as a pressure regulator,
must be installed in the gas piping system upstream of the furnace
and must act to limit the downstream pressure to the gas valve so it
does not exceed 0.5 psig [14" w.c. (3.48 kPa)]. Pressures exceeding
0.5 psig [14” w.c. (3.48 kPa)] at the gas valve will cause damage to
the gas valve, resulting in a fire or explosion or cause damage to the
furnace or some of its components that will result in property damage
and loss of life.

Sample Danger Label

AWARNING

The duct system must be properly sized to obtain the correct airflow
for the furnace size that is being installed.

Refer to the furnace rating plate for the correct rise range and static
pressures or to Table 6 for the correct rise range.

If the ducts are undersized, the result will be high duct static pres-
sures and/or high temperature rises which can result in a heat
exchanger OVERHEATING CONDITION. This condition can result in
premature heat exchanger failure, which can result in personal injury,
property damage, or death.

Sample Warning Label

ACAUTION

The indoor coil must be installed in the supply air duct, downstream of
the furnace. Cooled air may not be passed over the heat exchanger.

Sample Caution Label

DANGER indicates an imminently hazardous situation which could
result in death or serious injury.

WARNING indicates a potentially hazardous situation which could
result in death or serious injury.

CAUTION indicates a potentially hazardous situation, which, if not
avoided, may result in minor or moderate injury. It is also used to
alert against unsafe practices and hazards involving only property
damage.

2023 Johnson Controls. All rights reserved.
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Safety Specific Rules

Follow these specific safety rules for a safe application:

= Air conditioning systems utilizing gas heating can only use natural gas or propane (LP) gasses as an approved
fuel. LP applications require installation of the appropriate LP conversion kit. Refer to the unit rating plate or
Installation Manual for information on proper inlet and manifold pressures.

= |nstall air conditioning systems only in locations and positions as specified in the Installation Manual.

=  Provide adequate clearances for service, combustion, and ventilation air to the unit. The recommended
clearances are specified in the Installation Manual.

= Test for gas leaks as specified in the Installation Manual.

=  Only connect the equipment to a duct system which has an external static pressure within the allowable range
as specified in the Installation Manual.

=  These unites are not to be used for temporary heating or cooling of buildings or structures under construction.
Improper installation will shorten equipment life, reduce product efficiency, and void the warranty.

= Always install the systems to operate within the equipment’s intended temperature and operating ranges.

= The size of the unit should be based on an acceptable and approved heat load calculation for the structure being
conditioned.
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Safety Requirements

Follow these safety requirements for a safe application:

= All equipment should be installed in accordance with all national and local building/safety codes and
requirements, local plumbing or wastewater codes, and other applicable codes. In the absence of local codes,
install in accordance with the most recent National Electrical Code, National Fuel Gas Code and/or Natural Gas
and Propane Installation Code (latest editions). Furnaces have been certified to the latest edition of standard
ANSI and CSA standards.

=  Only approved heat accessories shall be installed on these air conditioning units local.

= Refer to the unit rating plate for the equipment model number, and refer to the Installation Manual for proper
air plenum dimensions.

=  Provide clearances from combustible materials as listed under Clearances to Combustibles in the Installation
Manual and the equipment rating plate.

= Provide clearances for servicing ensuring that service access is allowed for both the burners and indoor fan
motor.

= Provides clearances for servicing.

= Failure to carefully read and follow all instructions in this manual and the equipment Installation Manual can
result in equipment malfunction, death, personal injury and/or property damage.

= Check the rating plate and power supply to be sure that the electrical characteristics match. All commercial 15
through 25-ton units distributed in North America use nominal 208/230 volts AC, nominal 460 volts AC, or
nominal 575 volts AC 3 Phase, 60-Hertz power supply. DO NOT CONNECT THIS APPLIANCE TO A POWER SUPPLY
OR A VOLTAGE OTHER THAN THE RANGE SPECIFIED ON THE UNIT DATA TAG.

= The equipment shall be installed so the access panels are readily available, and the electrical components are
protected from water infiltration.

= |nstalling and servicing HVAC equipment can be hazardous due to the electrical and mechanical components.
Only trained and qualified personnel should install, repair, or service HVAC equipment. When working on
equipment, observe precautions in the manuals and on the labels attached to the unit and other safety
precautions that may apply.

= The Installation manual covers minimum requirements needed to conform to existing national standards and
safety codes. In some instances, these instructions exceed certain local codes and ordinances. These instructions
are required as a minimum for safe installation and operation.

General Awareness

Safety is ALWAYS the primary concern for everyone. On the job injuries can be significantly reduced when proper
guidelines are followed. Always be aware of all company, local, state and/or OSHA (Occupational Safety and Health
Administration) regulations.

Jobsite Safety

Keeping the job site clean of trash, extra tools and equipment will significantly reduce the chance for injuries. Since each
job is unique and has its own hazards, all new workers to the area should be made aware of the location of hire and
first-aid equipment, fire escape routes, and other dangers.

Hazardous Materials

Many different chemicals and compounds are used in the service and installation of HVAC systems. Please read the

directions and use caution along with PPDs whenever handling these materials. Read and understand the MSDS for all
materials used.

2023 Johnson Controls. All rights reserved. 8



Confined Spaces

Never enter or work in a confined space without taking the appropriate precautions. Have someone available outside
the space ready to assist or summon help if necessary. Even spaces that seem relatively safe can quickly become
hazardous if a pipe were to break and fill the space with refrigerant, steam, poisonous fumes or other gasses. Welding or
brazing in a confined space is especially hazardous.

Pressure

High pressures have always been part of the HVAC profession. Wear the proper personal protective devices including
safety glasses and gloves. Proper hose ratings and manifolds are required for high-pressure refrigerants.

Electrical Safety

Jewelry should be removed prior to any electrical work being performed. Ensure that the equipment disconnect switch
removes the primary power source prior to taking resistance readings or disconnecting any wires or connections.
Removal of system power should be verified with the voltage function of a multimeter. All electrical safety guidelines
should be always followed. Only trained, qualified technicians should perform electrical maintenance, installation,
inspections and troubleshooting of electrical equipment.

Electrocution occurs when a current as low as 6 to 200mA flows through the heart, disrupting its normal operation and
causing death. Electrical shock is an injury that occurs because of exposure to an electrical current. Inspect all extension

cords and power tools regularly. Fuses and circuit breakers are designed to protect equipment, not people. For personal
electrical protection, GFCl or Ground Fault Circuit Interrupters are highly recommended.

Lock-Out Tag-Out

OSHA Standards cover the servicing and maintenance of machines and equipment, in which unexpected energizing or
startup of the machines or equipment, or release of stored energy, could cause injury to employees.

These standards establish minimum requirements for the control of such hazardous energy. To ensure safety, put a lock
that is tagged with the technician’s name on the electrical disconnect or breaker of the equipment or circuit which is

being serviced.

Be aware of others who may be working on the same circuit or other circuits served by the same electrical panel. The
technician should also be aware that other technicians may not have used the proper Lock-Out, Tag-Out procedures.

Fire Safety & Burns

While brazing, keep the area clear of combustible material or use a heat shield to help reduce risk of fire.

Check equipment regularly and never try to modify or repair regulators.

While servicing the refrigeration circuit, improper use of equipment and tools can result in serious burns that are
associated with refrigerants. This may include frostbite, which is a deep tissue injury. Proper personal protection devices
must be in use when servicing the refrigeration system.

Personal Safety

Personal safety always includes remaining aware of the surroundings, using properly maintained tools, and correct use
of items designed for personal protection.

2023 Johnson Controls. All rights reserved. 9



Personal Protection Devices (PPD)

=  Hard Hat: Hard hats must be worn when there is a danger of head injury.

= Safety Glasses: Eye protection should be worn at all times while on a job site.

= Gloves: Assist in the prevention of serious injury to the hands from serious cuts as well as injuries from high-
pressure gasses such as refrigerants. Rubber gloves can protect the technician’s hands from chemicals when
inspected and worn properly.

= Safety Shoes: Work shoes with steel toes for foot protection. There are also electrical safety shoes that can aid
in protecting the technician against electrical shock and/or electrocution. At a minimum, leather work shoes
with rubber soles are required.

= Respirator: Used in a confined space where the air can be dissipated by refrigerant which can cause
asphyxiation.

= Safety Harness: Used when working above grade level. Ladders must be tied down. Ensure that PPDs provide the
intended protection. They should be inspected regularly, used properly and never altered or modified in any
way.

Clothing

Rotating and moving components pose a serious risk. Loose fitting clothing and ties should not be worn when servicing
rotating equipment. If any clothing becomes entangled in moving parts, serious injury or death is a likely result.

Jewelry

Serious injury or death can result if jewelry contacts an energized circuit or is caught in moving parts. Leave jewelry at
home or in your service bag or service vehicle.

Lifting

To avoid back injuries, always adhere to proper lifting techniques. Be aware of personal limitations and seek help with
items that are too heavy to safely lift. A back support belt may provide additional protection.

2023 Johnson Controls. All rights reserved. 10
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Component Familiarization
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Basic Refrigerqﬁon Circuit

In the refrigeration circuit, heat is moved from a
place where it is not wanted (indoors) to an area
where it is less objectionable (outdoors). In an air
conditioning system, there are five basic
components that are used to move heat from
within the structure to the outdoors: the
compressor, condenser, metering device,

Lquid Line evaporator, and refrigerant. Refrigerant absorbs
Filter Drier  MMetering Device A heat from inside the structure and transfers it to

} : : ! ; the outdoor air.
‘\ /V

Liguid Line

Discharge Line Suction Line

Condenser

Basic Refrigeration Circuit

Heat moves from warmer to cooler areas. During the cooling season, heat from the exterior of a structure moves inside
the structure where it is cooler. This is called "heat gain". The size (capacity) of air conditioning systems are sized based
on the heat gain of the structure.

Air conditioning system capacities are expressed in BTUH of cooling capacity, expressed in 'tons'. One ton of cooling
capacity = 12,000 BTUH. A 'two-ton' air conditioning system is capable of moving 24,000 BTUH of heat from the indoors
to the outdoors. Of course, equipment must be appropriately selected (sized) for the needs of the job by running a load
calculation. Proper system installation and setup is also critical.

2023 Johnson Controls. All rights reserved. 12



Compressors

The compressor moves refrigerant through the system. Air conditioning compressors compress refrigerant from a low-
pressure vapor to a high-pressure vapor. The pressure of the refrigerant entering the inlet ("suction") side of the
compressor is the low side pressure or suction pressure. The pressure exiting the compressor is referred to as high side
pressure or discharge pressure. As the suction vapor enters the compressor, it is compressed from a low pressure to a
high-pressure vapor. This increases the pressure and raises the temperature of the refrigerant above the ambient
temperature of the condensing coil during cooling. The refrigerant exits the compressor as a hot discharge gas.

Hot discharge vapor is a combination of heat absorbed from the indoor coil, heat from compression, and heat from the
compressor. The hot discharge gas is pumped from the compressor, through the discharge line, and to the condensing
coil.

Proper refrigerant charging of the system allows cool vapor to enter the compressor to maintain designed operating
temperatures. Therefore, proper installation and charging techniques must be followed when completing installation,
maintenance, and repairs to the equipment.

Compressor Types

Three of the most common compressor types used in residential and light commercial air
conditioning systems are the rotary, reciprocating, and scroll.

Rotary

There are several models of air conditioning units which use a rotary compressor. The
rotary compressor uses a rotating eccentric lobe to compress the suction vapor against the
cylinder walls as shown in the diagram below. The vapor is compressed as it is rotated to
the discharge side of the cylinder and out of the discharge line. Rotary Compressor
As the eccentric lobe rotates, a spring-loaded blade moves with the lobe to maintain a

pressure differential between the high and low side of the system.

. . Rotary Compressor - Internal
Reciprocating

Reciprocating compressors use pistons that travel up and down (reciprocate) within
cylinders to compress refrigerant vapor. On the "down stroke," a suction inlet valve is
opened, and low-pressure vapor refrigerant is drawn into the cylinder. When the piston
begins its "up stroke," the suction inlet valve is closed. The piston compresses low pressure
vapor into high pressure vapor and the high-pressure vapor exits through the discharge
port.

Reciprocating Compressor

2023 Johnson Controls. All rights reserved. 13



Scroll

The scroll compressor has a straightforward design and fewer moving parts than other
compressor types. In a scroll compressor, an orbiting scroll moves in a circular motion
within a second, fixed scroll. The low-pressure refrigerant vapor entering the suction
inlet is pressurized into continuously smaller areas until the refrigerant exits through
the discharge port as a high-pressure vapor.

Two-Stage Scroll
Scroll Compressor & Internal Scroll
Scroll compressors are available in two-stage configurations. The two-stage scroll Components
compressor has two internal bypass ports. During a call for second stage cooling, Bypass ports
the bypass ports are closed, and the compressor operates at 100% capacity. '
During a call for first stage cooling, the bypass ports are open, reducing capacity to
67%. This is detailed in Section 6 (Sequence of Operation).
The two-stage scroll compressor has an internal 24 volts DC solenoid valve. The
external rectifier located in the low voltage compressor connector converts the 24
volts AC input signal to a 24 volts DC output. The 24 volts DC output is delivered to
the compressor solenoid terminals, which energizes the internal solenoid valve.
Troubleshooting of the rectifier is covered in Section 7.

24V AC to 24 VDC Rectifier

2023 Johnson Controls. All rights reserved. 14



Condenser Coil

Hot, high-pressure discharge gas from the compressor enters the condenser coil. The outdoor air, which is cooler than
the discharge vapor, flows through the coil. The heat within the refrigerant vapor can only move in one direction - from
warmer to cooler. Thus, heat is rejected from the refrigerant through the coil surface to the outdoor air.

As the refrigerant flows through the coil the ambient air continues to cool the refrigerant gas until it reaches the
refrigerant's saturation temperature. This is known as de-superheating the refrigerant. After the refrigerant is de-
superheated, the refrigerant condenses (changes state) into a liquid.

After the refrigerant has condensed to a liquid and the outdoor fan motor continues to move air across the coil, the
condensed liquid refrigerant will cool below the saturation temperature. This is known as "subcooling."

Discharge Line

Condense

Note

Subcooled refrigerant will always be a few degrees warmer than the ambient air.

The ability of the coil to subcool the refrigerant is important to ensure that 100% liquid refrigerant is delivered to the
metering device during cooling. As the liquid refrigerant leaves the condenser coil, the refrigerant is carried to the
metering device in the liquid line.

A clean, unobstructed coil will maximize heat transfer capabilities and improve the overall efficiency of the system.

During installation, be sure to follow all recommendations regarding minimum spacing and clearances from surrounding
structures and other equipment.

2023 Johnson Controls. All rights reserved. 15




Horizontal Dischqrge Units

Horizontal discharge units are designed for applications with restricted space and
long line-sets. These units can be installed in locations with as little as six inches of
clearance around the unit and eighteen inches of service access clearance. The
maximum line set is 200 feet. Some line lengths may require the installation of a
liquid line solenoid valve. Refer to Application Data 247077 for more information.

Accumulator — Horizontal Condensing Units

Horizontal discharge units are equipped with an accumulator, which is factory
piped into the suction line between the suction line service valve and the
compressor. The purpose of the accumulator is to prevent liquid refrigerant from
slugging the compressor.

e

Stand-Pipe J-Tube
Suction Line Accumulator Suction Line Accumulator
Compressor Evaporator
Suction Line ‘ Suction Line
Evaporator
Suction Line

Compressor
Suction Line

Stand-Pipe & J-Tube Accumulator

2023 Johnson Controls. All rights reserved.
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MicroChannel Coils

MicroChannel condensing coils have improved heat transfer capability over tube-fin
condensing coils. Condensing uses a two-pass design. As the hot compressed vapor
leaves the discharge line and enters the header of the condensing unit, the refrigerant
disperses throughout the header and enters each row of channels moving through the
top section of the coil. In the top portion of the coil, the refrigerant de-superheats,
cooling the refrigerant down to the saturation point. As the condenser fan continues
to promote heat removal from the refrigerant, the vapor condenses to a liquid and
enters the intermediate header. As the liquid refrigerant is circulated through the
common header and enters the bottom section of the condenser, the refrigerant
continues to release heat to the ambient air.
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2-Pass MicroChannel Coil

Important

MicroChannel coils are constructed primarily of aluminum. Aluminum cannot withstand the excessive heat from an
oxy-acytylene torch. In the event of coil repair, a lower temperature repair method (such as propane) is required. See
the installation section of this Guide for more information.

The refrigerant is subcooled as it passes through the bottom section of the condenser. This
provides 100% liquid out of the liquid line.

Microchannel is manufactured with flat tubes and heavy-duty fin construction that makes the
coil more rigid, reducing the possibility of damage due to rough handing. In addition,
MicroChannel coils are typically 30% to 40% smaller than conversational tube-fin coils. This
increases the installation options available in locations where space restrictions are a crucial
factor.

MicroChannel coils are 20% to 30% lighter than the tube-fin coils, have less internal volume,
and require up to 50% less refrigerant to charge the system. The reduction in refrigerant
volume will also reduce the cost and time associated with recovering refrigerant or charging
the system during service or repair.

Repair kits are available through Source 1. The MlcroChannel condenser coil repair kit includes
a special soldering alloy with flux already in the solder and a brush to clean the area to be
repaired.

MicroChannel End View

2023 Johnson Controls. All rights reserved. 17



Metering Devices

The metering device creates a pressure drop and controls the flow of refrigerant to the evaporator coil. On the inlet or
upstream side of the metering device is subcooled high-pressure liquid refrigerant from the condensing unit. As the
refrigerant passes through the metering device, the pressure drop reduces the boiling point of the refrigerant.

Thermostatic Expansion Valve (TXV)

Systems using TXV metering devices are charged by weight or field adjusted by the subcooling method detailed in the
unit’s Installation Manual, or on the unit data plate. The TXV is designed to maintain a constant superheat within the
evaporator coil.

Technician Notes

The TXV only controls superheat. It DOES NOT control suction pressure. Suction pressure is a function of the load
imposed on the refrigerant.

The external equalizer line DOES NOT equalize high side and low side pressures. It only provides a closing force to the
valve.

If the TXV is applied with a reciprocating compressor, a start capacitor and potential relay (a “hard start” kit) MUST be
used.

Fixed Orifice or Restrictor

=

Fixed Orifice

Air conditioning systems that utilize fixed orifice metering devices must be charged either by weight or superheat. The
superheat readings must fall within the values listed in the Installation Manual, Tech Guide, or those provided on the
unit data plate.

Use the Tabular Data Sheet to properly match the evaporator, condenser, and orifice to achieve the rated efficiency and
system capacity. The Tabular Data Sheet will also list the additional charge required for the matched equipment.

2023 Johnson Controls. All rights reserved. 18




The Evaporator Coil

Technician Notes

Most systems designed today require the use of a TXV. DO NOT attempt to use a fixed metering device on systems
designed for a TXV.

The evaporator coil absorbs heat from the conditioned space. The return air from
inside the structure is passed across the evaporator coil with the indoor blower.
As the heat from the warm return air passes through the coil, the refrigerant
absorbs heat from the air and begins to boil the refrigerant into a vapor. The
greatest amount of heat is absorbed while the refrigerant is evaporating from a
liquid to a vapor. This is called the latent heat of vaporization. As the refrigerant
passes through the evaporator coil, it continues to boil until it has fully converted
to vapor. As heat from the indoor air is added to the vapor refrigerant is warmed
a few degrees above the boiling point or saturation temperature. This is known as
"superheat". The refrigerant must be 100% vapor before it returns to the
compressor to prevent liquid from flooding back (slugging) of the compressor.

Superheat Note

Refrigerant returning to the compressor must be superheated to ensure no liquid refrigerant enters the compressor.
Liquid refrigerant entering the compressor may cause irreparable damage.

Compressors are dependent upon the cool, slightly superheated refrigerant vapor to cool the compressor internal
components. Excessive superheat can damage the compressor beyond repair.

2023 Johnson Controls. All rights reserved. 19



Liquid Line & Suction Line Service Values

Air conditioning units contain liquid line and suction line service valves near the
condensing unit's corner.

The condensing unit is shipped with the service valves in the fully front seated
(clockwise) position. The service valves isolate and hold the refrigerant charge in
the condensing unit. Refrigerant lines are brazed at the indoor and outdoor
connections during installation. The lineset and evaporator coil must be leak
tested and evacuated down to 500 microns. After evacuation, the service valves
must be fully back seated (counterclockwise). This will release the refrigerant into
the lineset and evaporator coil.

The condensing unit is shipped pre-charged with enough refrigerant for the
condensing coil, 15 feet of lineset, and the smallest matched evaporator coil. If a
longer lineset, TXV kit, or larger evaporator coil is required, additional refrigerant
will have to be added as indicated in the Tabular Data Sheet. The air conditioner
must be matched with the proper indoor unit and coil if the system is to achieve
system performance ratings. If the lineset is shorter than 15 feet, it may be
required to recover refrigerant to meet the proper charge for the unit. Liquid Line & Suction Line Service
Valves

Identify the type of refrigerant the equipment is rated for and use the
corresponding manifold gauges and refrigerant when servicing any HVAC equipment. This will ensure proper operation
and prevent equipment damage.

Liquid Line Filter Drier

The liquid line filter drier traps moisture, acid, and small particles within the drier, stopping the contaminants from
traveling through the system and causing damage. The liquid line filter drier is located between the outlet of the
condenser coil and liquid line service valve.

The liquid line filter drier must be installed with the arrow pointing in the direction of
refrigerant flow. The arrow is pointing away from the condensing unit, and toward the
evaporator coil.

Identifying the type of drier installed is essential when making repairs. Filter driers are
designed for specific refrigerants and pressures. Only filter driers designed for use on the
system being serviced should be installed. Replacement driers must match the filter drier
originally installed by the factory.

A restricted liquid line filter drier is diagnosed by taking a temperature measurement.
Allow the system to operate for at least ten minutes and then take a temperature
measurement on both sides of the drier. If the temperature differs by more than two
degrees Fahrenheit, the drier must be replaced. In extreme cases, a restriction may be
identified by placing both hands across the drier. Liquid Line Fitter Drier Cutaway
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Caution

Caution must be taken when installing a liquid line filter drier in the system. Take precautions and use an approved
heat sink to protect the metering device, filter drier, and service valves when brazing.

The filter drier must be replaced if the refrigerant system is opened to the atmosphere. When the system is opened to
the atmosphere, moisture can enter and contaminate the system causing equipment failure.

Suction Line Filter Drier

The suction line filter- drier traps moisture, acid, and small particles within the drier, preventing contaminants from
traveling throughout the system. It can also provide added protection for the compressor and aid in cleaning up a
system after a severe burn out. It is recommended that the suction line filter drier only be installed for system cleanup
and should be removed after no more than 50 hours of operation.

Suction Line Filter Drier with Access Ports

Some suction line filter driers are manufactured with Schrader valves (gauge ports) on the inlet and outlet sides. This
type of suction line filter drier must be in the suction line between the evaporator and the compressor. To evaluate a
suction line filter drier with gauge ports located on both sides of the drier, take a pressure reading on both sides of the
drier. If the pressure drop exceeds the pressure rating of the filter drier, the drier must be replaced.

Some driers may have been made with a Schrader valve on the inlet side only. If a suction line filter drier with only one
gauge port is used, the drier must be installed in the suction line between the evaporator and the suction line service
valve so that pressure is measured downstream from the filter drier.

Caution

Caution must be taken when installing a suction line filter drier in the system. Take precautions using an approved
heat sink to protect the compressor and filter drier when brazing.
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Electrical Wiring

All field wiring must be installed using copper conductors only and must be grounded with a separate ground wire in
accordance with all local, state, and national fire, safety, and electrical codes. The electrical supply must meet the values
specified on the unit data plate and wiring labels. All conductors for power wiring, control wiring, the electrical
disconnect, and over-current protection must be provided by the installer and be sized in accordance with the most
current National Electrical Code (NEC).

If the system is not installed in accordance with these codes all warranties will be voided.
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Power Wiring

All equipment must have a properly rated and sized weatherproof disconnect switch located outdoors and within sight
of the unit. Some municipalities may require a licensed electrical contractor to provide the line voltage electrical
connections to the condensing unit from the electrical disconnect. All equipment must be protected, either by properly
sized time-delay fuses or HACR-rated circuit breakers rated in accordance with the NEC.
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Control Wiring

All control wiring must be installed in accordance with the National Electrical Code and/or local city or state codes,
whichever is more stringent. All control wiring must be 18 AWG or larger. The complete electrical wiring diagram and
schematics are on the unit in the service access panel for reference.

Below are examples of the field installed, low-voltage connections that may be required depending on how the system
components have been matched. The Installation Manual provides multiple low voltage configurations that must be
reviewed to ensure a properly wired system.

- - - In the following example, identify the model of thermostat,
Touch Control Air Handler/Fumace Air Conditioner . .
Communicating Communicating Communicating the model of the indoor furnace or air handler, and the
Caontrol Control Control . . . .
model of the condensing unit being installed. After
A+ identifying each component, the proper field wiring is
identified with a similar wiring configuration in the
GND Installation Manual.
orC
Touch Control Communicating | |Non-Communicating| | Air Cond_ilion_er
Communicating Indoor Indoor Unit Communicating
Control Interface Control Control
c A+ A+
Y1 R R
GND GND
Y2 orC orC
B- B-
Example of Control Wiring for Communicating Thermostat/ Indoor Unit/ Air Conditioner 1
Unit
G - H G c
o H H O Y1
Wire per
Y n non-comm. [ L Y2
Y2  installation H Y2
Most air conditioning systems will require 2 to 4 low c manual | =
voltage control wires routed to the condensing unit. The
number of conductors depends on the model, and whether R ~Assumethat|| R
. W H connections | [y
the system has a single or two stage compressor. These are from
. } . . . W2 - w2
electrical connections will be discussed throughout this e thermostat S
guide and are identified in the Installation Manual. rrl Iy
1L

Example of Control Wiring for Communicating Thermostat/ Indoor Interface Control/ Air
Conditioner Unit

Note

If a thermostat is selected that is not listed in the Installation Instructions, verify that it has the same functionality as
the one listed.
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THERMOSTAT

THERMOSTAT
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Thermostat

Thermostat selection is critical when matching the air conditioner with the air handler or furnace. A thermostat is a bank
of switches designed to send control voltage to control devices energizing components for heating and cooling. The
switches are actuated by temperature changes within the
structure depending on the occupant's settings.

The thermostat has manual selections for the occupant to
adjust settings for heating or cooling and set the indoor fan
motor to ON or AUTOMATIC.

Thermostats have become more complex with two stage
heating and cooling units. Many of the thermostats have
programming capabilities.

Thermostat

Thermostat terminal designations are:
= R-24 volts AC Hot
= (C-24 volts AC Common
= W1 —Heat Call (First Stage Heat on 2 Stage Heating Systems)
= W2 - Second Stage Heating Call
= Y1 - First Stage Cooling (2 Stage Cooling)
= Y/Y2-Cooling (Single Stage Cooling System)/Second Stage Cooling (2 Stage Cooling Systems)
=  G-Indoor Fan Operation

The installation technician is responsible for reading and adhering to the equipment and thermostat installation
instructions to ensure that it is matched and wired properly.
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Residential Air Conditioning Communicating Control Board

The Residential Air Conditioning Communicating Control Board is used on several Unitary Products condensing units.
The training provided throughout this chapter will cover systems that are manufactured with and without the Air
Conditioning Communicating Control Board. If an existing Unitary Product is upgraded with the Air Conditioning
Communicating Control Field Kit to allow operation with the Johnson Controls Residential Communicating Control
System, the instructions that accompany the kit must be followed to ensure proper operation.

Residential AC Communicating Control

The Residential Air Conditioning Communicating Control Board monitors control voltage between the "R" and "C"
terminals. If the control voltage drops below 19 volts AC, the energized relays will remain energized, but no extra relays
will be allowed to operate. If the control voltage drops below 16 volts AC, all relays will be de-energized until the
transformer's secondary voltage supplied to the control board has increased to greater than 20 volts AC. When the
control voltage drops, the appropriate flash code will be displayed to the control board's LEDs. Flash codes are published
in Section 7 (Troubleshooting), and in the Installation Manual.

Ambient Sensor

A sensor is used to provide an ambient temperature display to the Johnson Controls
Residential Communicating Control System (if used). When a non-communicating
thermostat is used the sensor does not provide any information. If the sensor is open or
shorted with a communicating thermostat, a fault code will be displayed, but the
operation of the system will not be affected.

The sensor is a 10K thermistor that has 10,000 ohms of resistance at 77 degrees
Fahrenheit. As the outdoor temperature decreases, the resistance increases, and as
outdoor temperature increases the resistance decreases. The thermistor resistance at a
given temperature can be identified by using the following table.

Ambient Sensor Location

Thermistor Temperature & Resistance

Temp. Resistance Temp. Resistance Temp. Resistance
-30 235,155 25 40,153 80 9,299
-25 196,871 30 34,367 85 8,250
-20 166,342 35 29,986 90 7,401
-15 138,482 40 26,092 95 6,530
-10 118,108 45 23,013 100 5,774
-5 100,260 50 19,903 105 5,208
0 86,463 55 17,255 110 4,663
5 72,940 60 15,310 115 4,203
10 61,711 65 13,474 120 3,743
15 53,640 70 11,942 125 3,381
20 46,200 75 10,449 130 3,047
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Duration of

connection
(seconds)

Control behavior with no
system master signals
present

Control behavior with system
master signals present

UltraTech, or single stage
compressor, ignore LPS

Less than 2 seconds No response No response
Bypass ASCD (Reduce timer
Display compressor type TS, to zero immediately). If Y1

(thermostat or communication)
is present and the high
pressure switch is closed,
contactors will be energized.

Greater than or equal

to 2 seconds

Clear soft lockout Clear soft lockout

Clear hard lockout Clear hard lockout

R TS aiclpalion M2d€ | Reset TS anticipation mode
systems counter to zero for TS systems

Reduce TS staging delays
for TS systems as described
below

Connection removed

Resume normal LED display

Connection not
removed

Nothing more than
previously explained

Compressor Type

Single Stage Compressor

LED1 (Red)

TS Compressor

UltraTech Compressor

Residential Air Conditioning Communicating Control Board
Operational Modes

LED2 (Green)

When the TEST pin short is removed, the LEDs will return to the normal display.

The status codes are displayed via the red, green, and yellow LEDs. These codes indicate the state of unit operation, but

do not represent a fault. The status codes are represented as follows:
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Residential Air Conditioning Communicating Control Board Status Codes

Description

No power to control

LED 2
Green

Required Condition

No power to control

First-stage compressor operation
(TS or UltraTech)

Is
M & M1 energized

UltraTech

M energized
Single Stage
NA

Second-stage compressor
operation
(TS, UltraTech, Single Stage)

IS and UltraTech
M & M2 energized

M energized

Control normal operation -
no communication or call for
compressor present

No faults active, Y1 or Y2
not present

Control normal operation - in
ASCD period

No faults active, Y1 or Y2
present, ASCD timer not
expired

Note: Status codes will not be displayed when a fault code is present.

Residential Air Conditioning Communicating Control Board Status Codes

Description

Required Condition

Control powered with Johnson System is active and 0.1 sec ON
Controls Communicating Thermostat | presently communicating 0 1 sec OFF
- active communication present successfully i
Control powered with conventional SYsem hae 24 VAC 2sec ON
thermostat connections pro nlibpblon the. ; 2 sec OFF
microprocessor is active
Note: Operating condition status LED displayed at all times as described above.

Any fault codes are displayed via the red and green LEDs. When a fault code exists, the control will display the fault code

via the LEDs, pause two seconds, and display the fault again. This display will persist until the condition that caused the

fault code no longer exists. The fault codes are represented as follows:

Operational Faults

Control Failure

Residential Air Conditioning Communicating Control Board Flash Codes

LED 1 LED 2
Red Green

Operational Faults

High-pressure switch fault (not in lockout yet)

System in high-pressure switch lockout

System in low-pressure switch lockout

Low voltage (<19.2 VAC) preventing further relay outputs
Low voltage (<16 VAC) stopped current relay outputs

High-pressure switch fault (with no communication for compressor
operation and where Y1 and Y2 are not energized)

Sensor or Switch Faults

Outdoor ambient temperature sensor failure (short)
Outdoor ambient temperature sensor failure (open)

Wiring Related Faults

Compressor
Y2 present without Y1

Note

Do not connect any other accessories or components to the “M”, “M1”, or “M2” terminals located on the Air
Conditioning Communicating Control Board. If other accessories or components are installed the system will not

operate properly and could be damaged.
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If the Residential Communicating Control System is used instead of a conventional thermostat, the electrical wiring
harness connected to the “Y1”, “¥2”, “C”, and “R” terminals on the bottom right side of the Residential Air Conditioning
Communicating Control Board must be removed.

For additional information on the Johnson Controls Residential Communicating Control System, refer to the Filed
Reference Guide for the Residential Communicating Control System.
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Refrigerant Safety Controls

The Residential Air Conditioning Communicating Control Board is equipped with compressor protection lockout
capabilities.

The control board has separate high and low-pressure switch terminals that provide system lockout protection with
proper setup, and the board will enter a hard lockout if four soft lockouts occur within a 12-hour period.

Residential Air Conditioning Communicating Control Board Lockouts
High Pressure Switch Lockouts

When the compressor starts following a high-pressure switch fault, the control will start a six-hour timer based on
accumulated compressor run time. If the high- pressure switch opens for 160 milliseconds during the six-hour timer, the
Residential Air Conditioning Communicating Control Board will enter a soft lockout. If the high- pressure switch opens
for less than 160 milliseconds, the compressor will be de-energized, but the unit will not enter a soft lockout.

The six-hour timer will reset if the high-pressure switch does not open again within six hours of accumulated compressor
run time.

If four soft lockout conditions occur during a twelve-hour period, the board will enter a hard lockout. The four soft
lockouts can be a combination of faults within a 12- hour compressor run-time period, and do not have to be high-
pressure faults only. For a complete list of faults, refer to the Installation Manual.

Low Pressure Switch Lockouts

If the refrigerant pressure drops below the opening pressure for more than 5 seconds, the control board will enter a soft
lockout. When a soft lockout is initiated, the control will display the appropriate fault code using the onboard LEDs and
de- energize "M", "M1", and "M2" outputs from the control board.

The Residential Air Conditioning Communicating Control Board will ignore the low- pressure switch input during the
following conditions:

= The first two minutes of compressor operation

=  The "TEST" mode with a "Y1" or "Y2" input from the thermostat

The technician should refer to the specific equipment model to identify exact fault codes for the system being serviced.
Residential Air Conditioning Communicating Control Board Lockout Reset

The difference between a soft and hard lockout is the requirement to reset the control board once the fault or faults
have been removed.

Soft Lockout Reset
A soft lockout is reset when power is cycled to the "R" or "Y1" inputs of the control board. This may occur when the
thermostat is satisfied or when power is cycled "OFF" and "ON" at the thermostat. A soft lockout may also be reset

when the "TEST" pins are shorted for more than two seconds. The control will stop displaying the fault and resume
normal operation when the soft lockout condition has been reset.
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Hard Lockout Reset

As previously stated, the control board will enter a hard lockout if four soft lockouts occur within a twelve-hour period.
The control board will also provide the appropriate flash codes for the onboard LEDs. A hard lockout is reset by
removing the 24 volts AC power supply from the control board "R" terminal, or if the "TEST" pins are shorted for more
than two seconds.

Cycling the thermostat will not reset a hard lockout. When the fault has been repaired and the hard lockout condition
has been reset, the control will stop displaying the fault and will resume normal operation.
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Contactor

Contactors are either single pole for single phase equipment or three pole for three phase equipment. Contactors are
heavy duty relays that are energized on a call for cooling by 24 volts AC from thermostat terminal Y.

When 24 volts AC is applied to the contactor coil, the contacts
close. This allows line voltage to energize the compressor and
the outdoor fan motor circuits.

Single Pole Contactor
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High Pressure Switch

If a high-pressure switch (HPS) is used, it is electrically located in the control circuit
and is designed to protect the system against excessive high side or discharge
pressures. The high-pressure switch is piped into the discharge line between the
compressor and the condenser coil.

If excessive high pressure occurs, the HPS opens the electrical circuit to the
contactor coil. When the contactor is de-energized, the compressor and condenser
fan are also de-energized.

There are multiple conditions which could cause this switch to open and de-
energize the compressor. Excessive high side (discharge) pressure is mostly caused
by poor air flow across the condenser coil (i.e., dirty coil).

High-pressure switch trips may be caused by:
=  Dirty or damaged condensing coil
= Failed outdoor fan motor.
= |mproper outdoor fan speed
= Non-condensable, such as air or nitrogen, circulating in the system.

The high-pressure switch opens at specific measures that are dependent on the
type of refrigerant the system uses. Refer to the specific equipment model when
ordering a replacement HPS.

When the high and low-pressure switches are electrically wired in series with each
other, the fault will appear to be the same (not applicable on units with Air
Conditioning Communicating Control Board). Appropriate steps must be taken to
properly identify which of the pressure switches are open and repair the system.

High-Pressure Switch

Note

Open and closing pressures vary because of the different models of pressure switches utilized during manufacturing.
The numbers may change slightly from refrigerant safety kits to factory installed pressure switches. Exact
replacements must be utilized when any pressure switches have failed.

If the pressure switch opens, the system will restart if it closes, and if applicable, the ASCD 5-minute timer has expired.
It is possible to have a lock-out relay if a refrigerant safety kit is field installed. If the system has a lock-out relay, the 24-
volt AC control voltage to the contactor coil must be disconnected and then reconnected, or the thermostat may be
cycled to reset the lock-out before the unit starts.

On condensing units utilizing the Residential Air Conditioning Communicating Control board, a high-pressure switch is
wired directly to the control board at the terminals labeled "HPS". If the high-pressure switch opens, a fault code will be
displayed at the appropriate onboard LED. If multiple fault codes are present, the control will only display the most
recent fault.
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Low Pressure Switch

Many units are equipped with a low-pressure switch (LPS) in the suction line. If
the suction pressure drops below the setpoint, the low- pressure switch opens
the circuit to the contactor coil, which de-energizes the compressor and
outdoor fan motor. The compressor will restart only if the low-pressure switch
closes, a cooling call remains present from the thermostat, and - if the unit is
equipped with an anti-short cycle delay (ASCD) - the 5-minute delay expires.

Low suction pressure may be caused by:

The opening and closing pressures for the low-pressure switches are dependent

Poor indoor airflow

Dirty return air filter

Dirty evaporator coil

Failed indoor blower motor capacitor (PSC motors only)
Failed indoor blower motor

Dirty indoor blower wheel

Slow or inoperative blower motor

High side restrictions

Faulty metering device

Undercharge

on the capacity, model, refrigerant type, and location of the pressure switch.
When replacing a low-pressure switch, ensure that an exact replacement is
installed.

On systems utilizing the Residential Air Conditioning Communicating Control
board, a low-pressure switch is wired in the control circuit and is connected to the board at the "LPS" terminal.

Low-Pressure Switch
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Refrigerant Safety Kit

Refrigerant safety kits may be added to units that do not come equipped from the factory with pressure switches.
Condensing units with the Residential Air Conditioning Communicating Control Board are equipped with separate
pressure switches and lockout capabilities. These units do not require accessory refrigeration safety kits or lockout
relays. The addition of a refrigerant safety kit can increase the level of protection for the unit. The above diagram shows
the refrigerant safety kit wiring and each component added to protect the system.
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CONACTOR CONIACTOR
s
| 3
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| | BOX | | BOX
| 1 I 1
\H—' \_V_J
POWRSUPRY 24 VAC CONTROCIRCUIT POWR SUPRY 24 VAC CONTROCIRCUT
SINGEPHAS (20VAMIN.) }‘_ SINGEPHASE (20VAMIN.)
PRESJRESAFEY KITWIRNG WITHOUT PRESSIBSAFEY KITWIRING WITH
ANTI-SHORT CYQETIMER ANTI-SHET CYCETIMER
CC= CONTACTOR COIL CC= CONACTORCOIL

Example of Refrigerant Safety Kit Wiring

The refrigerant safety kit is provided with a lock-out relay. The lock-out relay will energize if either the high- or low-
pressure switches open. When the lock-out relay coil between terminals "A" and "B" is energized, the normally closed

points between terminals "2" and "7" open, which creates a lock-out. To remove the lockout and return the points to a
normally closed position, the thermostat must be cycled.

The refrigerant safety kit field installed with an anti-short cycle timer. If an anti-short cycle timer is installed, it may take
up to 5 minutes before condenser fan and compressor operation is allowed. It is possible to have a lockout relay with a
high-pressure switch if a refrigerant safety kit is field installed. To remove the lockout and return the points to a
normally closed position, the thermostat must be cycled OFF and then ON.

Note

For proper system operation, ensure that the equipment is designed for the specific application. This includes
identifying the conditions the system will be operating under prior to installation. Identifying required accessories are
also critical to achieve proper operation and comfort.
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Lock-out Relay (LR)

The purpose of the lockout relay (LR) is to hold the control circuit open and
de-energize the contactor coil (CC) when a high-pressure switch (HPS) or a
low-pressure switch (LPS) opens.

A lockout relay operates because electricity takes the path of least
resistance. Using the diagram here, follow the 24 volts AC power source from
the left terminal at the junction box in the diagram (counterclockwise).

The 24 volts AC would then pass through the normally closed

contacts between terminals "7" and "2", the HPS, and LPS contacts. Once the
control voltage has passed through each of these normally closed contacts, it
is then applied to the CC terminals. This pulls in the contacts and energizes
the compressor and condenser fan motor.

The contactor coil has less resistance than the lock-out relay coil. The path of
least resistance is in the control circuit, through each of the closed switches,
allowing the current to bypass the LR holding coil and energizing the
contactor coil.

If either the HPS or LPS open, the 24 volts AC on the right terminal of the
junction box will pass through the less resistive CC and provide 24 volts AC to
energize the LR coil between terminals "A" and "B". Once the lock-out relay is
energized, the LR contacts between terminals "7" and "2" will open. The unit
will be locked out until the thermostat demand is cycled or the control
voltage is removed from the system and the safety switches are returned to
the normally closed position.
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Example of Lock-Out Relay
Electrical Wiring

2023 Johnson Controls. All rights reserved.

37



Anti-Short Cycle Delay

The anti-short cycle timer accessory, also known as the anti-short cycle delay (ASCD), is shown at the top of this diagram.
This accessory has a built- in time delay designed to provide a compressor cool down period which ensures the
compressor will remain off for 5 minutes between cycles. The ASCD is a field installed accessory on 1-1/2 to 5- ton units,
when an ASCD is not designed into the circuitry.

Units with the Air Conditioning Communicating Control Board are equipped with a built-in ASCD and do not require field
installation of an external relay and timer.

When installing the anti-short cycle delay kit, the ASCD is between terminals "2" and "3" on the anti-short cycle timer.
When the conditioned space reaches the desired thermostat

setting, the internal 5-minute time delay starts. At the end of the REBY

time delay, a set of points closes between terminals "1" and "3", - ,mi
H n n . . . High BLK ANTI-SHET

completing a path to the "CC" terminals, if the pressure switches Pressure . 55 cvcETMer

i BUU

are closed. > 7]

If the anti-short cycle delay timer kit is installed on a system that is - wiRe

equipped with an ECM 142 outdoor fan motor, it may be normal to ~ Fressue

have the outdoor fan in operation prior to compressor startup - s

during an ASCD.

—
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Anti-Short Cycle Timer with
Lock-Out Relay

BLK

JUNCTICON
BOX
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Low Ambient Kit & Accessories

The 1-1/2-to-5-ton air conditioning units can have a low ambient kit field installed if the unit is operated in low ambient

conditions. The air conditioning units are designed to operate in ambient temperatures as low as 60°F. If the unit
operates at temperatures below 60°F, a low ambient kit must be installed. This will allow the system to operate down to
approximately 0°F ambient conditions.

The low ambient kit will cycle the condenser fan motor OFF when the high side pressure drops below the pressure

switch cut-in setting.

Note

142 condenser fan motor.

Low ambient kits can only be used on systems with a PSC condenser fan motor and are not compatible with the ECM

When the high side pressure rises above the cut-out setting of the pressure switch, the condenser fan motor is cycled

ON.
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Above is an example of the electrical wiring of the low ambient kit described in this section. The low ambient pressure
switch is in series with terminal "B" of the relay. The relay has a normally closed set of points between terminals "1" and
"7" that allows line voltage to pass through, energizing the condenser fan motor during normal operation.

If the ambient temperature drops low enough, the condenser pressure will decrease. As the condenser pressure
decreases, the low ambient pressure switch will close and the relay coil between terminals "A" and "B" will be energized.
When the low ambient coil is energized, the points between terminals "1" and "7" open and the condenser fan motor is
de-energized.

When the condenser fan motor is cycled OFF, the discharge pressure will increase. This will assist in maintaining the
circulation of refrigerant and oil during low ambient conditions.

As the ambient temperature increases, the condenser pressure also increases causing the low ambient pressure switch
to open. When the pressure switch opens, the relay coil between terminals "A" and "B" is de-energized, closing the
points between terminals "1" and "7", which cycles the condenser fan ON during higher ambient conditions.

The low ambient kit is complete with a "normally open-close on fall" pressure switch. There are kits specifically for the
type of refrigerant that is in the system being serviced. The pressures at which the switch will open or close depend on
the type of refrigerant in the system. The following pressures are an example of those typically found in the low ambient
kit. Variations may be found depending on the model and kit being serviced. Use the exact replacement parts for the
low ambient kits.

Example of low ambient pressure switch (opening and closing pressures):
R-410A

= Opens at 240 +/-10 psig

= Closes at 360 +/-10 psig

R-22
= Opens at 150 +/-10 psig
= Closes at 300 +/-10 psig
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Comfort Alert Module

The Emerson Comfort Alert Module is a diagnostic tool that monitors and analyzes data from the compressor and the
thermostat. It can accurately detect the cause of electrical problems and system failures. This is a field installed on some
units with Copeland scroll compressors for additional protection.

The Comfort Alert Module has three LEDs. The green (POWER) LED indicates that 24 volts AC is available at the power
connection of the module. The yellow (ALERT) LED communicates using a series of flashes based on the system

Comfort Alert Module

condition.

The red (TRIP) LED indicates that a demand signal is present from the thermostat,
but no current is being drawn by the compressor. This may be an indication of an
open internal overload in the compressor or a contactor that is not closing.

Every time the module is energized, the last ALERT flash code that occurred prior to
shutdown is displayed for one minute. The module will continue to display the LED
until the condition returns to normal or if 24 volts AC power is reset to the control.

The scroll compressor's "run", "common", and "start" wires are routed through the
holes in the Comfort Alert Module, and are marked "R", "C" and "S".

The Comfort Alert Module is not used on systems with the Residential Air
Conditioning Communicating Control Board. The control board replaces the Comfort

Alert Module.

On systems retrofitted with the Residential Air Conditioning Communicating Control

Board, the functionality of the control board replaces the Comfort Alert Module. In these instances, the technician must
remove the Comfort Alert Module as described in the Air Conditioning Communicating Controls Field Kit Retrofit

Applications Installation Manual.

The 24 volts AC"R" and "C" connections are wired directly to the "R" and "C" terminals on the terminal strip. Terminal
"y" has 24 volts AC applied whenever there is a cooling demand, at which time the contactor coil is energized. This
allows the 208/230 volts AC to reach the compressor and outdoor fan motor, thus starting these components.

COMFORT ALERT MODULE

Q0

RED
pLil o

BLK

LPS
BLU m BLU

2 STAGE COMPR
SOLEMNOID COIL

I<

2V )|

Comfort Alert Low Voltage Wiring

The Emerson Comfort Alert Module does not have any control or lockout functions. The module does have valuable
diagnostic information and can improve accuracy when troubleshooting the compressor. The fault codes are found in

Section 7 (Troubleshooting).
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Crankcase Heater (CCH)

The Crankcase Heater (CCH) is available as an accessory for field installation
and is provided on some models from the factory.

In the off cycle, refrigerant migrates to the coldest area of the system. If liquid
refrigerant reaches the compressor, it will mix with the refrigerant oil in the
compressor crankcase, which may lead to compressor lubrication issues. When
refrigerant migration is an issue, adding a crankcase heater will warm the
refrigerant oil and boil migrated liquid refrigerant to vapor.

The wiring of the CCH depends on the type of contactor used in the system.
1. If the contactor is a single pole contactor, the CCH is energized during Crankcase Heater
the compressors off cycle and de-energized during the run cycle. An example of a single pole contactor wiring is
shown in the diagram below.
2. If the contactor is a three-pole contactor for a three-phase compressor, the crankcase heater is energized
anytime the electrical disconnect switch is in the ON position. Three phase air conditioners utilizing a three-pole
contactor must be wired as indicated in the diagram below.

If the CCH is wired improperly, it can reduce the efficiency of the unit, and in some cases may cause damage to the
compressor. When it is necessary to replace the compressor contactor, use an exact replacement. This helps to ensure
that the crankcase heater is properly wired in the circuit.

Crankcase Heater (CCH) Electrical Connections

Single Pole Contactor Single Pole Contactor

Line 1 Line 2 Line 1 Line 1

Wiring Diagram of Crankcase Heater with 3 Pole Contactor

The single pole contactor in a later diagram illustrates that when the thermostat energizes the contactor coil, the
crankcase heater is de-energized. When the contacts between "LI" and "T1" close, the crankcase heater receives the
same line of power, and the CCH is not energized. When the contactor coil is de-energized, the CCH is energized. This
occurs because the CCH is receiving line 1 power at the "LI" terminal and line 2 power

: Wy o . o 3@ Contactor
feeding from the "L2" terminal through the run winding of the compressor. T e e e e

1
In the three-pole contactor example, the crankcase heater is energized when the :
disconnect is in the ON position, and the contactor coil is de-energized. :
Identify the size, voltage, and wattage rating of the heater that will be installed to make I
sure the CCH is properly sized. :

1

Wiring of Crankcase Heater with Three

Pole Contactor
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Model Part # Voltage Watts Min. Circum Max. Circum

. } $1-02541100000 | 240 70 19.625 27.125

(D:'“r; ossScrolls e 02541100000 | 460 70 19.625 27.125

$1-02541100000 | 575 70 19.625 27.125
and Serofls | 5102531959000 | 240 80 22 26
(CFZ’EZ? df;tizf)m * [51-02531960000 | 460 80 22 26
$1-02531958000 | 575 80 22 26

Copeland Scrolls | S1-02533474240 | 240 80 28.75 35.75

(Commercial)

. $1-02533474460 | 460 90 28.75 35.75

Bristol H23A $1-02533474575 | 575 90 28.75 35.75
tol Reci $1-02537399240 | 240 70 21.81 29
?;:rt:ai':(‘j‘;'gs $1-02537399480 | 460 70 21.81 29
$1-02537399575 | 575 70 21.81 29

CFM Selection Board/ ECM Variable Speed Fan Motor

Systems configured with an indoor unit that uses an ECM indoor fan motor and a CFM selection board will provide
multiple airflow profiles. There are variable speed air handlers, variable speed furnaces, and modulating furnaces that
have multiple options and profiles selected on the control board. Units with the ECM 16-pin indoor fan motor will also
have the HEAT, DELAY, COOL and ADJUST pin selections on the indoor control board.

The CFM Selection Board receives input from the thermostat, and depending on pin selection, adjusts the airflow of the
motor. Flash codes on the CFM Selection Board represent the amount of airflow (CFM) requested by the ECM motor.
The number of flashes displayed on the green LED represents 100 cubic feet per minute (CFM) of air flow for each flash.

Example:
= 12 flashes=1200 CFM
= 8 flashes =800 CFM

The indoor control board has four tap selections, and four jumper sets. The tap selections are factory set for the rated
cooling and heating airflow of the air handler or furnace. The tap selections are labeled COOLING, HEATING, ADJUST and
DELAY. Each tap selection has four jumper positions labeled A, B, C, or D. Each will be covered in more detail in Section 5
(Start Up). The CFM Selection Board has a jumper that is labeled HP. The jumper must be in the NO position for air
conditioning mode.
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Capacitors

Capacitors provide enhanced motor running torque and are used on single phase motors only. Some three-phase
equipment may have one or more single phase PSC fan motors and could have a run capacitor located within the unit.
Capacitors are rated in microfarads and have a voltage rating on the capacitor's case. Microfarads are usually identified
on the capacitor with a number and the Greek symbol "u" for micro and an "F" for farad.

Example:
= 370 volts AC/ 45 pF

When a run capacitor is tested with a capacitor analyzer, the run capacitors should test to within the pF % rating on the
capacitor. Start capacitors should test equal to or up to 20% greater than the UF rating on the capacitor. If the test
indicates that a start capacitor has less than the rated uF, the capacitor must be replaced.

The voltage rating on the capacitor is the maximum amount of back electromotive force (BEMF) the capacitor can have
applied to it during normal operation. (It is NOT the line voltage applied to the equipment.) Using a different voltage can
result in damage, unless specified on the data plate. Only replace a capacitor with one having an equal or greater
voltage rating.

Example:
If a run capacitor is rated at 10 puF +/-10% and 370 volts AC, it is possible to replace the capacitor with a capacitor rated
at 9 uF and 440 volts AC. This is within +/-10% of the uF rating and the new capacitor is rated for a voltage the existing
capacitor.

Caution

Capacitors may be stored energy even though the electrical disconnect has been locked out and line voltage has been
removed from the system. A resistor should be used to bleed the stored voltage from the capacitor. The
recommended resistor is a 20,00-ohm 2-watt resistor. A screwdriver should not be used to bleed the capacitor.
Improper bleeding of the capacitor can cause damage to the capacitor and motor.

Run Capacitor

Run capacitors are used on single phase compressors and PSC fan motors.

The run capacitor is constructed of two aluminum plates with insulated material in
between them. The insulation between the plates is a non- conductive material. This
will allow the capacitor to store electricity until it has reached the capacity of the
insulating material, at which time it is discharged to the second plate.

The run capacitor is in the circuit during the entire run cycle; thus, the case of the run
capacitor is impregnated with oil. The oil assists in cooling the capacitor and allows the
capacitor to remain in the system for the entire run cycle.

If the capacitor is wired improperly and shorts to ground, the START winding will burn
open prior to tripping a breaker or blowing a fuse. On PSC multi-speed fan motors, the
wiring diagram that accompanies the equipment must be used to identify proper wiring.
Many PSC multi-speed fan motors are equipped with wires designated for the run
capacitor.

Run Capacitor
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Note

Run capacitors are usually marked with an identified terminal on the top of the capacitor. If the capacitor is marked
for polarity, the identified terminal must be wired to the RUN line of power to the motor.

Start Capacitor

The start capacitor, a portion of a hard start kit, is installed on single phase
compressors only. The start capacitor is used to provide additional starting torque to
the compressor motor during start up.

The start capacitor is made of two aluminum plates with a dielectric material between
them. The non-conductive dielectric material will let the capacitor store electricity until
it reaches the material's capacity and then is discharged to the second plate.

The start capacitor is only in the circuit on startup and does not have to dissipate the
same amount of heat as the run capacitor. The start capacitor is electrically removed
from the circuit with a starting relay after the compressor starts.

Start Capacitor
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Hard Start Kit

The hard start kit is installed on single phase compressors only. It consists of a potential relay and a start capacitor. The
hard start kit may be factory installed or field installed if the system requires additional starting torque. This is common
when the line voltage supplying the compressor is less than 220 volts AC. The relay is wired parallel to the start winding.

Once the motor is en